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Abstract

Background:Pigeon pea (Cajanus cajan L. Millspaugh) is an important legume known for its nutritional value.
Pigeon pea is a minor crop, but it plays a key role in the subsistence of smallholders in West African countries
such as Nigeria and Ghana. Pigeon pea research in terms of mutational breeding in Nigeria is still at a low
level compared to other leguminous crops such as cowpea. Despite the numerous uses and nutritional values of
pigeon pea, the plant has received little mutagenic research attention, hence, the need for this study.

Materials and Methods:Uniform and healthy seeds of the pigeon pea accessions were selected and pre-soaked
in distilled water for 6 hours. The pre-soaked seeds were soaked in freshly prepared EMS concentrations (0.0
%, 0.01 %, 0.02 %, 0.03 % and 0.04 %) for 4 hours. A field experiment was set up in a randomized complete
block design (RCBD) with three replications. Growth data were collected at 3, 6, 9 and 12 weeks after planting
(WAP). The parameters measured include; plant height, number of leaves, number of primary branches, leaf
area, stem girth, days to first flowering, pod length, pod diameter, number of pods per plant, number of seeds
per pod 100 seed weight, seed yield per plant and seed yield per hectare.

Results:The results obtained showed that the treatments significantly improved the vegetative traits of the
pigeon pea accessions in both generations. The result of the analysis of variance indicated that there were
significant differences (P<0.05) between the means of the treated plants when compared to the control plants.
Data obtained from the study showed that treatment 0.04 % EMS enhanced vegetative performances in the
Brown colour accession whereas in the Cream accession, 0.03 % EMS induced better performance. The yield
performances of the pigeon pea accessions were significantly improved by the mutagen treatments. The result of
the analysis of variance showed that the plants treated with 0.03 % and 0.04 % EMS produced better yields
when compared to the control plants. However, 0.03 % EMS significantly enhanced the yield performances in
both Brown colour and Cream colour accessions.

Conclusion:The result of the present study has shown that EMS at 0.03 % and 0.04 % could be used by plant
breeders to improve the agronomic performance of pigeon pea. It is therefore recommended that plant breeders
employ this mutagen in the breeding program of pigeon pea to create beneficial mutation amidst the ever-
increasing human population and food insecurity.
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I. Introduction

Pigeon pea (Cajanus cajan (L.) Millspaugh) is an erect perennial legume growing in tropical and sub-
tropical regions having its origin from the northern region of the Indian sub-continent. Pigeon pea belongs to the
family Leguminosae currently known as Fabaceae®. The crop is available locally in Nigeria, it is affordable and
well cultivated in Edo, Enugu, Kogi and Benue states. The “hard-to-cook” phenomenon and the presence of
anti-nutrients have limited its utilization®. The foremost producers of pigeon pea in Asia are India, Myanmar and
Nepal with India leading in the worldwide production at 2,584,007 tons as of 2014°. In Africa, Kenya, Malawi,
Uganda, Mozambique and Tanzania are the primary producers of pigeon pea. The crop is regarded as a minor
crop in West Africa, but it plays a vital role in the subsistence of smallholders in Nigeria, Ghana and Benin®.
Pigeon pea ranks sixth in the world in dry-land legume production®. The crop constitutes the major component
of many people’s diet in Asia, Africa and South America®.

The cultivation of different crop varieties has been successfully achieved over the past five decades due
to the advent of induced mutation which plays a vital role in the development of crop varieties with desirable
traits all over the world. The widespread use of induced mutants in plant breeding programmes across the globe
has led to the official release of 3,222 plant mutant varieties from 170 different plant species in more than 60
countries throughout the world®. The developed varieties improve biodiversity and serve as a baseline for
conventional plant breeding thus directly contributing to the conservation and use of plant genetic resources.
The concept of induced mutagenesis for crop improvement dates to the beginning of the 20th century. During
the past 89 years, mutation breeding has been successfully used for the improvement of crops and to support the
strides made using traditional methods of plant breeding®.

Chemical mutagens are known to induce point mutations and single-nucleotide polymorphisms (SNPs)
rather than chromosomal mutations which characterize the physical mutagens. Among the chemical mutagens,
the most used is the alkylating agent called ethyl methane-sulphonate (EMS). EMS alkylates purines especially
guanine causing a thymine base over a cytosine residue opposite to the O-6- ethyl guanine during replication,
which results in a point mutation at random’. Most of the alterations in EMS-mutated populations are G-C to A-
T base pair transitions®. Amid the current challenges of food insecurity confronting the developing nations,
pigeon pea could play an important role in developing new strategic approaches in agricultural productivity in
Nigeria. One possible means of achieving this is through induced mutation which could improve the agronomic
traits of the plant, hence the need for this study.

Il. Materials And Methods

The present study was carried out at the research farm of Michael Okpara University of Agriculture,
Umudike. Umudike lies on latitude 05° 291 N and longitude 07° 331 E in the rainforest area of the South-East
agricultural zone of Nigeria. The area covers about 100,000 m? and lies about 8 to 10 kilometres East of
Umuahia, the Abia State capital. It has a humid tropical climate with marked wet and dry seasons. The rainy
season spans eight months (from March to October) and the dry season starts from November to February. The
average annual rainfall for Umudike ranges from 1568.4 mm to 2601.3 mm within ten (10) years period. The
rainy season has its peaks occurring irregularly between June and October®. Two land races of pigeon pea were
collected from Nsukka, Enugu State. The seeds were identified at the taxonomic unit of the Department of Plant
Science and Biotechnology, Michael Okpara University of Agriculture, Umudike.
Raising of the M; and M, generations: Uniform healthy seeds of each accession were selected from each of
the pigeon pea accessions. A total of 8,000 seeds from the two-pigeon accession were selected into different
beakers and pre-soaked in distilled water for 6 hours. Thereafter, the seeds were removed from the water and
allowed to air dry for 20 minutes. Glass beakers of 500 ml were selected and properly labelled according to the
different treatment levels. Different concentrations (0.00 %, 0.01 %, 0.02 %, 0.03 %, 0.04 % wi/v) were freshly
prepared in buffer 7 according to the method described by Mbaet al.’’. After the preparations, the pre-soaked
seeds were soaked into the freshly prepared concentrations for 4 hours with intermittent shaking. After the
treatment time, the seeds were removed from the solutions and washed thoroughly in running tap water five
times to remove the residual chemicals on the seeds. Sowing was done immediately to grow the M, generation.
The field experiment was set up in a randomized complete block design (RCBD) with replications. The plot size
was 3 m x 2 m with 0.5 m apart with a total of 30 plots. The field size was 10 m x17 m. The planting distance
was 90 cm x 50 cm. Planting was done in May 2019 to raise M; generation. The matured plants were harvested
in November 2019 and seeds from M; plants were stored and sown in the field during May 2020 to raise the M,
generation. Data obtained from the growth and yield parameters were subjected to analysis of variance
(ANOVA) for randomized complete block design (RCBD) using Genstatl® discovery edition software.
Significant differences observed were obtained at a 5 % level of probability.
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Il. RESULTS

Effect of different concentrations of EMS on the plant height in the M; and M, generations: The
result of the effect of different concentrations of EMS on the plant height of the pigeon pea accession in the M,
and M, generations is presented in Table 1. In M, generation, at 3 WAP, the separation of the mean separation
showed that the pigeon accessions differed significantly (P<0.05). Treatment and interaction effects were not
significantly different (P>0.05). Among the treatments, the data obtained showed that 0.04 % EMS recorded
maximum plant height (16.7 cm) in the Brown colour accession while 0.02 % EMS recorded the minimum plant
height (12.9 cm). Plants under the control condition recorded 14.5 cm height. Similarly, data recorded on the
Cream colour accession showed maximum plant height in the control (12.1 cm) followed by treatment 0.01 %
EMS (11.3 cm) while treatment 0.04 % recorded minimum height of 8.6 cm. At 6 WAP, plant height ranged
from 31.7 cm to 44.3 cm under different treatment levels in the Brown colour accession. Maximum plant height
was recorded in 0.03 % EMS (44.3 cm) followed by 0.04 % EMS (40.9 cm). The control plant recorded a
minimum plant height of 29.4 cm. Also, data recorded on the Cream colour accession indicated that plants
treated with 0.03 % EMS produced the tallest plants (37.9 cm) followed by 0.04 % (36.1 cm). Treatment 0.01 %
recorded the minimum height (29.4 cm) while the control recorded 31.0 cm height.

The analysis of variance showed that the treatments differed significantly (P<0.05), accession and
interaction effects were not significantly different. At 9 WAP, the result obtained in the Brown colour accession
data obtained range from 70.7 cm to 114.3 cm in the Brown colour accession. Treatment 0.03 % EMS recorded
the highest plant height (114.4 cm) while the control recorded the minimum height (70.8 cm). The result
obtained in the Cream colour accession showed that ranged from 96.3 cm to 118.7 cm amongst the treatment
levels. Maximum plant height was recorded in treatment 0.03 % EMS (118.7 cm). The control plants recorded
the minimum height (96.3 cm). At 12 WAP, the result showed that treatment 0.04 % EMS produced the tallest
plants (130.2 cm) in the Brown colour accession. The control recorded the minimum height of 104.6 cm. Data
obtained on the Cream colour accession indicated that treatment 0.03 % EMS recorded maximum plant height
(137.6 cm) followed by 0.04 % (120.8 cm). Minimum plant height was recorded in the control plants (106.3
cm). The result showed that the mutagen treatment differed significantly (p=>0.05). The pigeon accessions and
interaction effect were non-significant (P>0.05).

In M, generation, at 3 WAP, plant height recorded in the Brown colour accession on the treatment
ranged from 14.3 cm to 19.1 cm. The control plants recorded the maximum height (19.2 cm) while 0.04 % EMS
recorded the minimum height (14.3 cm). Similarly, in the Cream colour, maximum plant height was recorded in
the control plants (15.4 cm). Treatment 0.04 % EMS recorded minimum height (11.0 cm). Treatment and
interaction effect were not significantly different (P>0.05) while accessions differed significantly (P<0.05). At 6
WAP, the result of means separation revealed that the pigeon pea accessions differed significantly (P<0.05),
treatment effect was very significant (P<0.05) while interaction effect was not significantly different. Plant
treated with 0.04 % EMS in the Brown colour produced the tallest plants (69.3 cm) followed by 0.03 % EMS
(63.3 cm). The minimum plant height was however recorded in the control plants (44.1 cm). In the Cream
colour, the maximum plant height was recorded in the control (40.4 cm). The treatment 0.04 % EMS recorded
the minimum plant height (23.8 cm). At 9 WAP, the result showed that the pigeon pea accessions, treatment and
interaction effects were not significantly different (P>0.05). The result however showed that in the brown
colour, treatment 0.04 % recorded the maximum plant height (120.4 cm). The control recorded plant height of
98.5 cm while the minimum height was recorded in treatment 0.02 % (96.6 cm). Data obtained in the Cream
colour accession showed that maximum plant height was observed in treatment 0.03 % (137.4 cm) while
treatment 0.01 % recorded the minimum height (114.4 cm). The control plants recorded a height of 134.9 cm. At
12 WAP, the treatment 0.04 % recorded the maximum plant height (141.4 cm) in the brown colour accession.
The control recorded minimum height of 119.0 cm. Similarly, in the Cream colour accessions, treatment 0.03 %
EMS recorded the maximum plant height (157.2 cm) while treatment 0.01 % recorded a minimum height of
115.6 cm. The control recorded a height of 143.6 cm (Table 1).

Table 1: Effect of different concentrations of EMS on the plant height during M; and M, generations.

Accession conc. 3WAP 6WAP 9WAP 12WAP
M; M, M, M, M, M, M, M,

Brown 0.00 145 19.2 29.4 44.1 70.8 98.5 104.6 119.0
0.01 14.8 19.1 31.7 52.7 70.7 101.6 113.7 120.6
0.02 12.9 17.1 40.8 53.0 85.8 96.6 121.6 123.6
0.03 15.6 18.1 44.3 63.3 103.9 112.6 1235 138.4
0.04 16.7 14.3 40.9 69.5 114.3 120.4 130.2 141.4
Total 14.9 17.6 374 56.3 89.1 105.9 118.7 128.6

Cream 0.00 12.1 15.4 31.0 40.4 96.3 134.9 106.3 143.6
0.01 11.3 11.8 29.4 37.9 96.6 111.4 111.0 115.6
0.02 10.0 12.8 32.1 35.6 106.9 124.3 117.1 135.2
0.03 11.7 13.3 37.9 35.6 118.7 137.4 137.6 157.2
0.04 8.6 11.0 36.1 23.8 110.9 102.9 120.8 129.4
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Total 10.7 12.69 33.3 34.7 105.9 122.2 118.6 136.2
LSDo.0s)Acc. falalad il NS faalel ** NS NS NS
LSDo.05/Con. NS NS ** ** ** NS folalel NS

LSDo.05)Inter NS NS NS NS NS NS NS NS

WAP= Weeks after planting, NS= not significant, **=very significant, ***=highly significant

Effect of different concentrations of EMS on the number of leaves during M; and M, generations: Table 2
shows the result of the effect of different concentrations of EMS on the number of leaves of the pigeon pea
accessions during M; and M, generations. The result obtained showed that EMS concentrations positively
affected the number of leaves of the pigeon peas in both generations. In M, generation, at 3 WAP, the result
showed that the number of leaves recorded a significant effect on the pigeon pea accessions. Treatment and
interaction effects were not significantly different (P>0.05). The result obtained on the Brown colour accession
showed a maximum number of leaves under the control (12.3). Among the treatment levels, 0.04 % EMS
recorded the highest number of leaves (9.0). Similarly, in the Cream colour accession, treatment 0.03 % EMS
recorded the maximum number of leaves (12.7) while the minimum number of leaves was seen in the control
plants (10.0). At 6 WAP, data showed that there was no significant difference (P>0.05) between the pigeon pea
accessions. Mutagen treatments were significantly different whereas interaction effect was not significantly
different. The result obtained in the brown colour showed that maximum number of leaves was counted under
treatment 0.04 % EMS (50.0). The control plants recorded the minimum number of leaves (24.3). Also, in the
Cream colour accession, treatment 0.03 % EMS had the maximum number of leaves (34.7) whereas the control
had the minimum number of leaves (23.3).

Data obtained at 9 WAP revealed that the pigeon pea accessions differed significantly (P<0.05).
Mutagen treatment effect was significantly different whereas interaction effect was not significantly different.
In the Brown colour accession, plants treated with 0.04 % EMS counted the maximum number of leaves
(123.0). The control plants counted minimum number of leaves (44.7). Also, at 12 WAP, the effect of the
mutagen concentrations on the number of leaves of the pigeon pea accessions was trendy. Data obtained in the
brown colour accession revealed that the maximum number of leaves was recorded in 0.04 % EMS (547.0). The
minimum number of leaves was observed under the control plants (273.0). Similarly, the result obtained in the
Cream colour accession showed that 0.03 % EMS produced the highest number of leaves (260.0). The control
plants had 151.0 numbers of leaves (Table 2).

In the M, generation, at 3 WAP, data obtained showed that there was a significant difference between
the pigeon pea accessions. Mutagen treatment effect was not significantly different whereas interaction effect
differed significantly. The result obtained in the Brown colour accession showed that maximum number of
leaves (15.0) was counted under treatment 0.04 % EMS whereas the control plants counted the minimum
number of leaves (9.7). In the Cream colour accession, the treatment 0.03 % EMS recorded the highest number
of leaves (12.7) whereas the control recorded 10.7 numbers of leaves. The data at 6 WAP showed that the
highest number of leaves was observed under the treatment 0.04 % EMS (54.7). The control counted 47.7
numbers of leaves. At 9 WAP, in the Brown colour accession, data showed that the treatment 0.04 % EMS
recorded highest number of leaves (117.3) whereas the control plants had 113.3 numbers of leaves. Similarly, in
the Cream colour accession, plants treated with 0.03 % EMS recorded the highest number of leaves (124.7)
whereas the control had 116.7 numbers of leaves. Data obtained at 12 WAP showed that there was no
significant difference between the pigeon pea accessions, mutagen treatment and interaction effect. The result
from the Brown colour accession showed that the treatment 0.04 % EMS recorded the maximum number of
leaves (730.0). The control plants counted 545.3 numbers of leaves. However, in the Cream colour, treatment
0.03 % EMS recorded 916.0 numbers of leaves whereas the untreated plants had 396.1 numbers of leaves (Table
2).

Table 2: Effect of different concentrations of EMS on the number of leaves during M, and M, generations

Accession Conc. 3WAP 6WAP IWAP 12WAP
M, M, M, M, M, M, M, M,

Brown 0.00 12.3 9.7 24.3 447 72.0 113.3 273.0 545.3
0.01 10.0 11.7 29.7 42.3 55.3 107.7 327.0 584.0
0.02 10.0 13.0 32.7 47.0 60.7 110.7 453.7 626.0
0.03 9.3 12.7 34.0 54.0 123.0 114.3 469.0 633.0
0.04 9.0 15.0 50.0 54.7 124.0 117.3 547.0 730.0
Total 10.1 124 34.1 48.5 87.0 112.7 413.9 623.7

Cream 0.00 10.7 12.0 23.3 43.3 44.7 116.7 151.0 396.0
0.01 10.7 10.7 24.3 35.3 66.0 107.7 184.0 361.3
0.02 10.7 7.3 27.3 28.7 56.3 119.3 184.0 415.7
0.03 12.7 7.0 34.7 47.7 84.3 140.0 260.0 916.0
0.04 12.0 6.3 30.7 36.3 70.0 124.7 232.0 530.0
Total 11.3 8.7 28.1 38.3 64.3 121.7 228.7 523.8

DOI: 10.9790/2380-1409030112 www.iosrjournals.org 4 | Page



Effect of Ethyl Methane Sulphonate (EMS) on the Agronomic Performance of two..

LSD(o.05AcC. *x Hxx NS NS ** NS Hxx NS
LSD.05iConc. NS NS ** NS ** NS NS NS
LSD(g.05) inter. NS falalel NS NS NS NS NS NS

Effect of different concentrations of EMS on the leaf area (cm?) during M; and M, generations: Table 3
shows the result of the effect of different concentrations of EMS on the leaf area of pigeon accessions in the M,
and M, generations. The result obtained showed that the mutagen concentrations affected the leaf area of the
pigeon pea accessions when compared to the control. In the My generation, data obtained at 3 WAP showed that
the pigeon pea accessions differed significantly in the mutagen treatment. The treatment and interaction effects
were not significantly different (P>0.05). The data obtained from the Brown colour accession revealed that
treatment 0.04 % EMS recorded the maximum leaf area (42.2 cm?) followed by 0.03 % EMS (39.9 cm?). The
minimum leaf area was recorded under the control condition (24.3 cm?). Similarly, in the Cream colour
accession, maximum leaf area was recorded under treatment 0.01 % EMS (23.8 cm?) followed by 0.04 % EMS
(24.0 cm?). The control measured 22.6 cm’ leaf area. At 6 WAP, the result showed that the pigeon pea
accessions, mutagen treatment and interaction effects were not significantly different (P>0.05). Maximum leaf
area was recorded in 0.04 % EMS (56.5 cm?) followed by 0.03 % (52.2 cm?). The minimum leaf area was
recorded under the control condition (34.9 cm?). The result obtained in the Cream colour accession indicated
that maximum leaf area was recorded in 0.01 %EMS (47.8 cm?) followed by 0.04 % (32.7 cm). The control
recorded the minimum leaf area (21.9 cm?). Also, at 9 WAP, data showed that the pigeon pea accessions, and
mutagen treatments were significantly different (P<0.05) whereas the interaction effect was not significantly
different (P>0.05). Data obtained from the Brown colour accession showed that 0.04 % EMS measured
maximum leaf area (127.3 cm?) whereas the control measured the minimum leaf area (51.0 cm?). Also, the
result obtained from the cream colour accession showed that the leaf area was maximum under treatment 0.03 %
EMS (67.6 cm?) followed by 0.04 % EMS (61.9 cm?). The control recorded the minimum leaf area (32.9 cm?).
Data obtained at 12 WAP indicated that the pigeon pea accessions, mutagen treatments and interaction effect
was not significantly different (P>0.05). In the Brown colour, treatment 0.04 % EMS measured the maximum
leaf area (131.8 cm?) followed by 0.03 % (103.3 cm?) whereas the control recorded the minimum leaf area (88.2
cm?). Similarly, in the Cream colour accession, the result showed that maximum leaf area was measured in
treatment 0.03 % EMS (97.5 cm?) whereas in the control, the minimum leaf area was 78.1 cm®.

In the M, generation, data recorded at 3 WAP showed that there was significant difference (P<0.05)
between the pigeon pea accessions. The treatments and interaction effects were not significantly different
(P>0.05). Among the treatment levels, the treatment 0.04 % EMS recorded the maximum leaf area (35.0 cm?) in
the Brown colour accession. The control however recorded the minimum leaf area (19.7 cm?). Also, the result
obtained in the Cream colour accession showed that treatment 0.03 % EMS recorded maximum leaf area (20.7
cm?) whereas treatment 0.01 % recorded the minimum leaf area (9.8 cm?). The control measured 16.4 cm® At 6
WAP and 9 WAP, the mutagen treatment maintained an upward trend as the Brown colour accession had the
maximum leaf area as recorded in treatment 0.04 % EMS (Table 3).

Table 3: Effect of different concentrations of EMS on the leaf area (cm?) during M, and M, generations.

Accession Conc.(% 3 WAP 6 WAP 9 WAP 12 WAP
M, M, M, M, M, M, M, M,

Brown 0.00 24.3 19.7 34.9 38.6 51.0 99.1 87.6 112.3
0.01 27.1 20.1 35.8 42.9 66.4 103.7 88.2 113.2
0.02 28.8 30.4 49.1 44.8 68.2 108.9 99.8 118.7
0.03 39.9 311 52.2 55.6 87.3 114.9 103.3 126.6
0.04 42.2 35.0 56.5 64.7 127.3 121.3 131.8 128.8
Total 325 16.0 45.7 49.3 80.0 109.6 101.1 119.9

Cream 0.00 22.6 16.4 21.9 25.9 32.9 52.8 78.1 102.9
0.01 23.8 9.8 47.8 28.2 60.4 73.1 82.8 105.3
0.02 22.0 17.0 24.5 26.8 53.1 89.9 81.9 119.9
0.03 20.0 20.7 29.7 39.3 67.6 101.7 97.5 127.8
0.04 23.0 16.0 32.7 34.0 61.9 96.0 91.7 125.1
Total 22.3 27.3 31.3 30.9 55.2 82.7 86.4 116.2

LSD(o_os)AC *k *hk NS *hk *% *% NS *k

C.

LSD(.05Co NS NS NS il Hx NS NS NS

nc

er.

Effect of different concentrations of EMS on the number of primary branches during M; and M,
generations: Table 4 presents the result of the effect of different concentrations of EMS on the number of
branches in M; and M, generations of the pigeon pea accessions. Primary branching was observed from 6 weeks
after planting in both pigeon pea accessions. In the M; generation, data obtained showed that there was a
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significant difference (P<0.05) between the pigeon pea accessions. The mutagen treatments and interaction
effects also differed significantly (P<0.05). The result obtained from the Brown colour showed that treatment
0.04 % EMS had the highest number of branches (10.3) whereas the treatment 0.01 % EMS recorded the
minimum number of branches (7.0). Also, in the Cream colour, 0.032 % EMS recorded the maximum number
of branches (9.0) whereas the control had the minimum (6.3). At 9 WAP, data also showed that the pigeon pea
accessions differed significantly (P<0.05). Mutagen treatments differed significantly (P<0.05) whereas
interaction effect was not significantly different (P>0.05). The result shows that treatment 0.04 % EMS had the
maximum number of branches (17.70) in the Brown colour. The control plants counted 15.0 numbers of
branches. Similarly, in the Cream colour, treatment 0.03 % EMS recorded the maximum number of branches
(14.8) whereas the control recorded 10.0 numbers of branches. At 12 WAP, data showed that there was no
significant difference (P>0.05) between the pigeon pea accessions, mutagen treatments and interaction effects.
The result showed that treatment 0.04 % EMS counted the highest number of branches (24.70 in the Brown
colour accession. The control however counted 18.3 as the minimum number of branches. Similarly, in the
Cream colour, the maximum number of branches (23.0) was observed under treatment 0.03 % EMS. The control
plants had the minimum number of branches (16.0).

In the M, generation, data obtained at 3 WAP showed that the pigeon pea accessions differed
significantly (P<0.05). The mutagen treatments and interaction effects were not significantly different (P>0.05).
Result obtained from the Brown colour accession show that the 0.04 % EMS recorded the maximum number of
branches (13.7). The control plants recorded 8.7 numbers of branches. Similarly, at 9 WAP, data obtained
showed that the pigeon pea accessions differed significantly (P<0.05). Treatment and interaction effects were
not significantly different (P>0.05). In the Brown colour, the result showed that treatment 0.04 % EMS recorded
the maximum number of branches (18.0) whereas the control recorded minimum number of branches (14.7).
However, in the Cream colour accession, treatment 0.03 % EMS recorded maximum number of branches (18.0)
whereas the control plants recorded 12.0 numbers of branches. At 12 WAP, data showed that there was no
significant difference (P>0.05) between the pigeon pea accessions, mutagen treatments and interaction effects.
In the Brown colour, 0.04 % EMS counted maximum number of branches (22.7) the control had 20.3 humbers
of branches. Also, in the Cream colour, 0.03 % EMS recorded maximum number of branches (22.7) whereas the
control counted 19.0 (Table 4).

Table 4: Effect of different concentrations of EMS on the number of primary branches during M; and M,
generations.

Accession Conc. 6 WAP 9 WAP 12 WAP
M, M, M, M, M, M,
Brown 0.00 8.0 11.0 15.0 14.7 18.3 20.3
0.01 7.0 12.7 10.7 16.3 21.0 21.3
0.02 8.0 13.7 11.3 16.3 19.3 22.3
0.03 8.0 12.7 15.0 18.0 21.0 22.7
0.04 10.3 10.7 17.7 17.3 247 21.7
Total 8.3 12.1 13.9 16.5 20.9 21.7
Cream 0.00 6.3 8.7 10.0 12.0 16.0 19.3
0.01 7.3 9.0 8.3 14.3 17.3 20.7
0.02 7.3 8.3 10.3 13.0 20.3 19.0
0.03 9.0 9.7 11.7 18.0 23.0 22.7
0.04 8.0 6.7 11.7 13.0 21.0 19.0
Total 7.6 8.5 10.4 14.1 19.5 20.1
LSD0,0SACC. *%* *kk *kk ** NS NS
LSDg 05 Conc. Fkx NS faled i NS NS
LSDy s inter. el NS NS * NS NS

Effect of different concentrations of EMS on the stem girth of the pigeon pea accessions during M, and
M, generations.

Table 4.8 shows the result of the effect of different concentrations of EMS on the stem girth of the
pigeon pea accessions during the M; and M, generations at different week intervals. In M, generation, data
obtained at 3 WAP showed that there was no significant difference (P>0.05) between the pigeon pea accessions.
Mutagen treatment and interaction effects were also not significantly different. In the Brown colour accession,
treatment 0.03 % EMS and 0.04 % EMS measured 0.3cm stem girth whereas 0.01 % EMS and 0.02 % EMS
measured 0.2 cm stem girth. The control however measured 0.3 cm stem girth. Similarly, in the Cream colour
accession, treatment 0.04 % EMS measured the lowest stem girth (0.2 cm) whereas the control measured 0.3 cm
stem girth. Also, at 6 WAP, data obtained showed that there was significant difference (P<0.05) between the
pigeon pea accessions, treatment effect also differed significantly whereas interaction effect was not
significantly different. The result obtained in the Brown colour accession showed that treatment 0.03 % EMS
increased the stem (0.5 cm) compared to the other treatment levels while the control measure 0.4 cm stem girth.
Also, in the Cream colour accession, the result showed that treatment 0.03 % EMS measures the highest stem
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girth (0.5 cm). The control plants measured 0.4 cm stem girth. At 9 WAP and 12 WAP, the result obtained in
the Brown colour accession showed that 0.03 % EMS significantly increased the stem girth (1.8 and 2.0 cm) at
both weeks. Similar result was obtained in the Cream colour accession with increased stem girth recorded under
treatment 0.03 % EMS (2.0 and 2.2 cm) respectively.

In the M, generation, the result obtained at 3 WAP revealed that there was no significant difference
(P>0.05) between the pigeon pea accessions. Mutagen treatment and interaction effect also did not differ. The
result obtained in the Brown colour accession showed that treatment 0.03 % EMS increased the stem girth (0.3
cm) when compared to the other treatments and the control. In the Cream colour accession, 0.03 % EMS also
measured the highest stem girth (0.3 cm). At 6 WAP, the result obtained also showed that the pigeon pea
accessions differed significantly. Mutagen treatment effect also differed significantly whereas interaction effect
was not significantly different. Also, at 9 WAP and 12 WAP, data result showed that there was no significant
difference between the pigeon pea accessions (P>0.05). Mutagen treatment and interaction effects were not
significant different. In the Brown colour accession, the result showed that the plants treated with 0.03 % EMS
measured the highest stem girth (2.2 and 2.5 cm) respectively. Similarly, in the Cream colour accession,
treatment 0.03 % EMS also measured the highest stem girth (2.1 and 2.4 cm) respectively when compared to the
other treatment levels and the control (Table 4).

Table 4: Effect of different concentrations of EMS on the stem girth (cm) during M; and M, generations.

Accession Conc. (%) 3WAP 6WAP 9WAP 12WAP
M1 Mz M1 Mz M1 Mz M1 Mz
Brown 0.00 0.3 0.2 04 0.5 11 1.6 13 20
0.01 0.2 0.2 0.3 0.5 16 19 1.8 2.2
0.02 0.2 0.2 04 0.5 14 2.0 1.9 23
0.03 0.3 0.3 0.5 0.4 1.8 2.2 20 25
0.04 0.3 0.2 0.4 0.5 11 19 15 2.2
Total 0.3 0.2 04 0.5 14 1.9 17 23
Cream 0.00 0.3 0.2 04 0.4 12 13 15 1.8
0.01 0.3 0.2 0.4 04 11 1.3 1.8 18
0.02 0.3 0.2 04 0.4 1.6 1.8 1.8 22
0.03 0.3 0.3 0.5 0.5 2.0 21 22 24
0.04 0.2 0.2 0.4 04 1.7 16 1.8 2.0
Total 0.3 0.2 04 0.4 15 1.6 1.8 2.0
LSDo.0s)Acc. NS NS ** ** NS NS NS NS
LSD.05Conc. NS NS ** ** NS NS s NS
LSD(gsjinter. NS NS NS NS NS NS NS NS

Effect of different concentrations of EMS on days to first flowering in the pigeon pea accessions during
M; and M, generations: Table 5 presents the result of the effect of different concentrations of EMS on days to
first flowering in the pigeon pea accessions during the M; and M, generations. The result obtained on the pigeon
pea accessions in both generations revealed that the mutagen treatment enhanced early flowering when
compared to the control plants. Observations revealed that the lower concentrations of the mutagen induced
early flowering in the pigeon pea accessions during the M; and M, generations. A trend was observed in
flowering time as increase in the concentration of the mutagen caused a gradual delay in flowering time of the
plants. Data obtained in the M, generation showed that days to first flowering among the pigeon pea accessions
were highly significantly (P<0.01). Mutagen treatment and interaction effects showed highly significant
difference. The result obtained in the Brown colour accession showed that early flowering was induced by
treatment 0.01 % EMS (109.3) followed by 0.02 % EMS (115.0) the control plants flowered under 120.7 days.
Similarly, in the Cream colour accession, the result followed the same trend. The result also showed that plants
treated with 0.01 % EMS flowered earlier than the other treatment levels (103.3 days). The control plants
flowered in 111.3 days.

In the M, generation, data showed that there was a highly significant difference between the pigeon pea
accessions. Mutagen treatments and interaction effects showed a highly significant difference. The result
obtained in the Brown colour accession revealed that treatment 0.01 % EMS induced early flowering (111.3
days) among the other treatment levels. However, the control plants flowered under 117.7 days. Also, in the
Cream colour accession, the result showed that the plants treated with 0.01 % EMS flowered first (100.7 days).
The control plants however flowered in 111.7 days (Table 5).

Table 5: Effect of different concentrations of EMS on days to first flowering in the pigeon pea accessions

Accession Conc. (%) M, M,

Brown 0.00 120.7 117.7
0.01 109.3 106.3
0.02 115.0 111.3
0.03 118.7 115.0
0.04 123.0 118.7
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Total 117.3 113.8
Cream 0.00 111.3 111.7
0.01 103.3 100.7
0.02 106.3 102.7
0.03 108.7 105.0
0.04 110.0 108.7
Total 107.9 105.7
LSD(0_05)ACC. *kk *kk
LSD(0_05)C0nC. Fkx kel
LSD(sinter. o *ox

** =yery significant, ***=highly significant

Effect of different concentrations of EMS on the yield parameters of the two pigeon pea accessions during
M; and M, generations; Table 6 and 7 show the result of the effect of different concentrations of EMS on yield
parameters of the pigeon pea accessions during M; and M, generations. The result recorded on the pod length in
the M; generation revealed that the pigeon pea accessions were very significantly different (P<0.05). The
mutagenic treatments and interaction effects were not significantly different (P>0.05). In the Brown colour
accession, treatment 0.01 % EMS significantly increased the pod length (7.0 cm) whereas the other treatment
levels measured 6.9 cm pod length respectively. The control measured 6.4 cm pod length. Also, in the Cream
colour accessions, treatment 0.03 % EMS increased the pod length with mean value of 6.5 cm. the control plants
measured 6.0 cm pod length. In M, generation, data revealed that there was no significant difference between
the mutagenic treatments and interaction effects whereas the pigeon pea accessions differed significantly. The
result obtained in the Brown colour accession showed maximum pod length under treatment 0.01 % EMS (7.6
cm) followed by treatment 0.02 % EMS (7.3 cm). The control plants measured 6.9 cm pod length. Similarly, in
the Cream colour accession, treatment 0.03 % EMS and 0.04 % EMS recorded maximum pod length (6.9 cm)
whereas the control measured pod length off 6.0 cm (Table 6).

In My generation, data obtained on the number of seeds per pod revealed that the pigeon pea accessions
were not significantly different (P>0.05). Mutagen treatment and interaction effect differed significantly
(P>0.05). In the Brown colour accession, the number of seeds per pod was counted the same number in both
treatment levels and control (5.0) respectively. Similarly, in the Cream colour, treatment 0.03 % counted the
highest number of seeds per pod (5.7) followed by other treatment levels (5.0). The control plants counted the
least number (4.3). In the M, generation, data revealed that the pigeon pea accessions were not significantly
different (P<0.05). Treatment effect differed significantly (P>0.05) whereas interaction effects were not
significantly different (P<0.05). The result showed that 0.03 % EMS counted the highest number of seeds per
pod (5.7) in the Brown colour whereas, the control counted the least number (5.0). Also, in the Cream colour,
treatment 0.03 % EMS counted the highest number of seeds per pod (6.0). The control had the least (5.0).

Observations on the number of pods per plant in the M; generation showed that the pigeon pea

accessions differed very significantly (P>0.05). Treatment effect and interaction effects also differed
significantly (P>0.05). The result obtained from the Brown colour showed that maximum number of pods per
plant was recorded under treatment 0.04 % EMS (101.0). The maximum number of pods per plant was counted
in control plants (9.07). In the Cream colour, treatment 0.03% EMS counted the maximum number of pods per
plant (104.7) whereas, the control counted 48.3. Similarly, in the M, generation, the result also showed that the
pigeon pea accession differed significantly (P>0.05). Mutagen treatment effect differed significantly (P>0.05)
whereas, interaction effect was not significantly different (P<0.05). The result obtained from the Brown colour
Pigeon pea showed that the 0.04% EMS recorded the highest number of pods per plant (107.7) whereas, the
control plants recorded 93.7. Similarly, in the Cream colour, 0.03 % NaN; counted the highest number of pods
per plant (108.0). The control plants counted 57.7 (Table 6).
) In the M, generation, data obtained from 100 seed weight showed that the pigeon pea accessions were
highly significantly different (P>0.05) whereas, interaction effect was significantly different (P>0.05). However,
in the Brown colour, plants treated with 0.04% EMS measured the maximum seed weight (12.3 g). Similarly, in
the Cream colour, 0.03 % EMS measured maximum weight (10.7 g). In the M, generation, data obtained
showed a highly significant difference (P>0.05) between the pigeon pea accessions. Mutagen treatments and
interaction effects were significantly different (P>0.05). In the Brown colour, the result obtained showed that
0.04% EMS had the maximum seed weight (13.5 g) whereas, the control measured 12.7 g seed weight. In the
Cream colour, 0.03% EMS recorded a maximum weight of 10.5g.

Data obtained from seed yield per plant in the M; generation revealed that the pigeon pea accessions
showed highly significantly difference (P<0.01). Mutagen treatments differed significantly whereas, interaction
effect was not significantly different (P<0.05). The result obtained in the Brown colour revealed that treatment
0.03 % EMS measured the highest seed yield per plant (578.1 g). Similarly, the result obtained in the cream
colour also revealed that 0.03% EMS recorded the highest seed yield per plant (447.2g) whereas the control
plants recorded the last seed yielded per plant (413.5g). In the M, generation, data recorded showed that there
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was a highly significant difference (P<0.01) between the pigeon pea accessions. Treatment and interaction
effects were highly significantly different (P<0.01). The result obtained in the Brown colour showed that 0.03 %
EMS measured maximum seed yield per plants (596.4g). The control measured the minimum seed yield per
plant (585.8 g). Similarly, in the cream colour, 0.03 % EMS measured maximum seed yield per plant (478.9 g)
whereas the control plants measured minimum seed yield per plant (421.9 g).

The effect of the mutagen on the seed yield per plot was highly significant (P<0.01) whereas,
interaction effect was not significantly different (P>0.05). In the Brown colour accession, the result showed that
treatment 0.03 % EMS recorded the highest seed yield per plot (1284.54 g) followed by 0.01 % EMS (1249.44
g). The control plants recorded the least seed yield per plot (1100.27 g). Similarly, in the Cream colour, the
result also showed that 0.03% EMS recorded the highest seed yield per plot (993.63 g). The control plants
recorded the least (810.77 g). The M, generation, data obtained showed that there was highly significant
difference between the pigeon pea accessions. Treatment and interaction effects were also highly significant
(P<0.01) in the Brown colour treatment 0.03 % EMS recorded the highest seed yield per plot (1312.12 g). The
control plants recorded the least (1178.48 g). Also, in the Cream colour, the result followed the same trend.
Treatment 0.03% EMS recorded the highest seed yield (1053.58g) whereas the control recorded 843.72 g seed
yield per plot.

Table 4.10 presents the result of the effect of different concentration of EMS on the yield per hectare in
M, and M, generations of the pigeon pea accessions. The result obtained showed that the mutagen treatment
increased the yield per hectare during both generations of the pigeon pea accessions. Data obtained in M;
generation showed that there was highly significant difference between the pigeon pea accessions. Mutagen
treatment effect was also highly significantly different (P<0.01). In the Brown colour, yield per hectare was
significantly increased by treatment 0.03 % EMS (2055.29 kg) followed by 0.04 % EMS (1999.11 kg). The
control measured 1760.44 kg yield per hectare. Also, in the Cream colour, 0.03 % EMSalso increased the yield
per hectare with mean value of 1589.81kg followed by 0.04% EMS (1524.01 kg). The control plants however
measured 1297.23 kg yield per hectare. In M, generation, data obtained showed that there was highly significant
difference (P<0.01) between the pigeon pea accessions. Treatment and interaction effects were highly
significantly different (P<0.05). The result obtained in the Brown colour accession showed that treatment 0.03
% EMS recorded the highest yield per hectare (2099.40 kg) followed by 0.04 % EMS (1930.23 kg). Similarly,
in the cream colour, treatment 0.03 % EMS recorded the highest yield per hectare (1685.73 kg) followed by
0.04 % EMS (1412.16 kg).

Table 6:Effect of different concentrations of Ems on the yield of the pigeon pea accessions during M; and
M, generations.

Accession PL NSPP NPPP 100SW Sy/plt
conc. M, M, M, M, M, M, M, M, M, M,
Brown 0.00 6.4 6.9 5.0 5.0 90.7 95.7 11.2 12.9 561.1 589.2
0.01 7.0 7.6 5.0 53 86.7 93.7 11.8 12.7 556.1 585.8
0.02 6.9 7.3 5.0 5.0 96.3 100.7 11.7 13.2 570.0 589.1
0.03 6.9 7.0 5.0 5.7 97.3 104.0 10.7 11.7 578.1 596.4
0.04 6.9 7.2 5.0 53 101.0 107.7 12.3 135 5735 594.7
Total 6.8 7.2 5.0 53 94.4 100.3 115 12.8 567.8 591.1
Cream 0.00 6.0 6.1 43 5.0 48.3 57.7 10.2 115 4135 421.9
0.01 6.0 6.7 5.0 5.7 60.0 69.7 9.6 115 414.8 421.9
0.02 6.4 6.8 5.0 57 67.3 74.3 9.9 114 425.2 428.2
0.03 6.5 6.9 5.7 6.0 104.7 108.0 10.7 11.3 447.2 478.9
0.04 6.4 6.9 5.0 53 94.7 93.0 10.3 10.9 437.2 441.3
Total 6.3 6.7 5.0 55 75.0 80.5 10.1 11.3 427.6 438.4
LSD(o_os)ACC. *k *k NS NS *k *x *kk *kk *kk Kkk
LSD(o.os)COHC. NS NS *k *k *k *x NS *k *k Kkk
LSDgasinter. NS NS = NS NS o o NS ok

Table 7:Effect of different concentrations of Ems on the seed yield per plant (g) and yield per hectare (kg)
yield of the pigeon pea accessions during M; and M, generations.

Accession Conc. (%) Sy/plot(g) Yield per hectare (kg)
M, M, M M,

Brown colour  0.00 1100.27 1178.48 1760.44 1885.57
0.01 1199.52 1195.11 1919.23 1912.18
0.02 1240.63 1206.39 1985.01 1930.23
0.03 1284.54 1312.12 2055.26 2099.40
0.04 1249.44 1189.44 1999.11 1903.10
Total 1214.88 1216.31 1943.81 1946.10

Cream colour  0.00 810.77 843.72 1297.23 1349.95
0.01 894.57 860.59 1431.31 1376.95
0.02 925.44 876.87 1480.71 1402.99
0.03 993.63 1053.58 1589.81 1685.73
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0.04 952.50 882.60 1524.01 1412.16

Total 915.38 903.47 1464.61 1445.56
LSD.0sAcc. *kk *kk *kk *kk
LSD(05Conc. *okk *okk *kk *kk
LSD.syinter. NS Hohx NS ok

V. Discussion

Effect of different concentrations of EMS on the growth and yield parameters of the pigeon pea
accessions during M; and M, generations: Mutation induction in crop plants using physical or chemical
means generally allows plant breeders to screen and select mutants with desirable or improved traits. The result
obtained from this study showed that all the vegetative and yield traits were significantly enhanced by the
mutagen concentrations when compared to the control plants. The study revealed that plants treated with 0.04 %
EMS recorded a better performance as observed in the Brown colour whereas 0.03 % EMS performed better in
the Cream colour in the M; and M, generations.

The result of the study showed that plant height increased gradually at the various stages of
development with maximum height recorded in 0.04 % EMS and 0.03 % EMS respectively in the M; and M,
generations. The increase in plant height by the mutagen concentration could be attributed to many factors
resulting from increased concentration. The mean increase in plant height might be due to the attraction of their
genome integrated by environment signals which probably lead to increased rate of cellular respiration and
expansion of their meristematic region. The result of this study is in conformity with the report of Gunasekaran
and Pavadai'?, who observed an increase in plant height and other growth variables in M, generation of ground
seeds treated with different concentrations of EMS and DES. Similarly, observation was made by Animasaunet
al.” on groundnut varieties treated with different concentrations of sodium azide. Breeding for improved plant
height for pigeon pea would result improvement in number of leaves and other vegetative traits as evident in this
study. Plants with increased number of leaves were induced by 0.04 % and 0.03 % respectively in both pigeon
peas during the M, and M, generations. The increased average leaf area per plant recorded in this study during
the M; and M, generations would be expected to enhance the rate and efficiency of photosynthesis which leads
to a marked increase in plant biomass and consequently would be associated with improved productivity™.

Number of branches per plant was increased by higher concentrations of EMS in the pigeon pea
accessions. This increase however showed that EMS at higher concentrations (0.03 % and 0.04 %) induced
stimulatory effect on the number of branches per plant. This observation conforms to the report of Chandirakala
and Subbaraman®, who reported higher magnitude of primary branches in pigeon pea. The study also showed
that plants treated with higher concentrations of EMS increased the plant stem girth during M; and
M,generations.The increase in the morphological characters of the pigeon pea accessions might be due to
chromosomal aberrations induced and activation of growth hormones by the mutagen that tends to produce an
increase in the morphological traits. However, many researchers have reported a negative effect of mutagens on
the vegetative characters of many crop plants. The findings of this study are at variance with the report of
Laskaret al.®®. Findings from the study during M; and M, generations revealed significant difference in most of
the traits which indicated the existence of variation in the pigeon pea accessions. This observation is in
accordance with the report of Urmila et al.'” on three Sesame genotypes treated with different concentrations of
EMS during M; and M, generations. From the result of this present study, plants in M, generation showed
better performances than the M plants. This is because selection of mutants can only begin in M, generation as
the mutant gene mostly are in heterozygous state and requires many generations of selfing to achieve
homozygousity.

Yield is an indispensable parameter is mutation breeding because ultimately the plant breeder wants to
improve yield along with other beneficial traits. The result obtained from the present study indicated that EMS
could be utilized to improve the yield characters of the pigeon pea accessions studied. The study revealed that
the effect of the mutagen concentrations on the yield parameters varied among the pigeon pea accessions. Pods
with increased lengths were obtained in plants treated with EMS when compared to the control plants during M,
and M, generations. Increase in pod lengths could possibly result to increase in number of seeds per pod which
in turn could increase yield per plant. The increase in pod length observed in this study contradicts the finding of
Bolbhatet al.'® who posited a decrease in the pod length of horsegram treated with EMS and gamma ray singly
and in combination. Observation on the number of seeds per pod revealed that all the treatments showed
significant increase which indicates that EMS has promoter effect on seed production in the pigeon peas studied.
This effect may be due to an increase in the metabolic status of the seedlings or an increase in the activity of
growth promoters’ effects on seed production. Number of pods per plant is one of the most vital yield
contributing traits which closely and constantly correlated with yield per plant. This attribute is also regarded as
a measure of fertility in plants. From the result obtained, it was observed that higher concentrations of EMS
(0.03 % and 0.04 %) significantly improved the number of pods per plant in the pigeon pea accessions. This
observation conforms to the report of Bolbhatet al.*® in horsegram who reported an increase in number of pods
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per plant at 0.2 %, 0.3 % and 0.4 % EMS. The increase in number of pods per plant counted under the treated
plants at 0.03 % and 0.04 % EMS showed that the mutagen could enhance physiological and biological
processes necessary for pod formation which includes enzymatic activities. Observation on 100-seed weight
showed an increase by the higher concentrations of EMS during M, and M, generations. This result agreed with
the report of Hegazi and Hamideldrin® in okra seeds treated with different doses of gamma radiation. Similarly,
Bolbhat et al.'® also reported an increase in 100-seed weight of horsegram treated with gamma ray and EMS
when compared to the control plants in M; generation. This observation also conforms to the findings of
Aledare® who reported an increase in 100-seed weight of pigeon pea treated with gamma radiation and sodium
azide. The result recorded on the seed yield per plant showed that there was an improvement in plants treated
with EMS when compared to the control plants in both generations. EMS at 0.03 % induced a significant
increase in seed yield per plant in the pigeon pea accessions. The result of this study also showed that the
mutagen treatments induced a beneficial effect on seed yield per plot. This increase/effect could be attributed to
the stimulatory effect of EMS at higher concentrations. The increase in seed yield per plot observed in the
present study agreed with the findings of Bolbhatet al.'® in M, generation of horsegram.

V. Conclusion

Crops generated through induced mutation breeding are greatly contributing to the global food
production and nutritional security in both developed and developing countries. Therefore, creating genetic
diversity is needful for effective plant breeding programs. The results obtained from this study have further
proved the potency of EMS in inducing mutation in crops. Observations from the present study showed that the
treatments enhanced the vegetative and yield characters of the pigeon pea accessions during M; and M,
generations. Beneficial agronomic traits were recorded in plants treated with 0.03 % EMS and 0.04 % EMS
respectively. Hence, for agronomic improvement of the pigeon pea accessions, 0.03 % and 0.04 % EMS are
suitable for beneficial mutation inducement.

Acknowledgement
We wish to acknowledge and appreciate Tertiary Education Trust Fund (TETFund, Nigeria) through
Michael Okpara University of Agriculture, Umudike for sponsoring this Institutional BasedResearch (IBR).

REFERENCES

[1]. Syed, R,WuY. A review article on health benefits of pigeon pea (Cajanus cajan (L.) Millsp.). International Journal of Food and
Nutrition Research. 2018;2(15):74-88.

[2]. Emefiene ME, Joshua VI, Nwadike C, YarosonAYN,Zwalnan DE. Profitability analysis of pigeonpea (Cajanus cajan) production
in Riyom LGA of Plateau State. International Letters of Natural Sciences.2014; 18:73-88.

[3]. FAOSTAT.FAOStatisticDivision.Retrievedfrom
http://faostat.fao.org/ faostat/collections?version=ext&hasbulk0&subset=agriculture. 2015.Accessed on 06 July2021.

[4]. Ayenan MAT, Kwadwo O., Léonard EA, Agyemang D.Pigeon pea (Cajanus cajan (L.) Millsp.) production system, farmers’
preferred traits and implications for variety development and introduction in Benin. Agriculture and Food Security. 2017;6(48):1-
11.

[5]- Martinez-Villaluengaa C, Torresb A, Friasa J, Vidal-ValverdeC.Semolina supplementation with processed lupin and pigeon pea
flours improve protein quality of pasta volume. LWT - Food Science and Technology. 201;43(4):617-622.

[6]. Amin R, Laskar RA, Khan S. Assessment of genetic response and character association for yield and yield components in Lentil

(LensculinarisL.) population developed through chemical mutagenesis.Cogent Food and
Agriculture.2015;31(1):1000715.doi:org/10.1080/23311932.2014.1000715
[7]. Sikora P, Chawade A, Larsson M, Olsson J, Olsson O. Mutagenesis as a tool in plant genetics,functional genomics and breeding.

International Journal of Plant Genomics. https://doi.org/10.1155/2011/314829

[8]. Till BJ, Cooper J, Tai TH, Colowit P, Greene EA, Henikoff S, Comai L. Discoveryofchemically induced mutations in rice by
TILLING. BMC Plant Biology. 2007;7:1-12.

[9]. Agroclimatic Data. Daily climatic data from National Root Crop Research Institute (N.R.C.R.l), Umudike. Agro-metrological
Department. 2007.

[10]. Mba C, Afza R, Souleymane B, Mohan Jain SM.Induced Mutagenesis in Plants Using Physical and Chemical Agents. Plant Cell
Culture: Essential Methods. 2010; Pp 112-129. https://doi.org/10.1002/9780470686522.ch7

[11]. Genstat. Genstat for Windows Discovery, 3" Edition, Lawes Agricultural Trust, Rothamsted Experimental Station UK.2012.

[12].  Gunasekaran A,Pavadai P. Effect of gamma rays on germination, morphology, yield, andbiochemical studies in groundnut (Arachis
hypogeal L.). World Scientific News. 2015;23:13-23.

[13]. Animasaun DA, Oyedeji S, Azee MA,Onasanya AO.Alkylating efficiency of sodium azide on pod yield, nut size and nutrition
composition of samnutl0 and samnut 20 varieties of groundnut (Arachis hypogea L.). African Journal of Food, Agriculture,
Nutrition and Development.2014;14(7):9497-9510.

[14].  Neelam, D., Tabasum, T., Husain, S. A. and Subhan, S. (2014). Radiation sensitivity of Cajanus cajanto gamma radiation. Journal
of Food, 5(12): 1-7.

[15]. Chandirakala R,Subbaraman N. Character association and path analysisfor yield attributes in full sib progenies in pigeon pea
(Cajanus cajan (L.) Millsp.). Electronic Journal ofPlant Breeding.2010;1(4):824-827.

[16]. Laskar RA, Chancal C, Samiullah K,Atulya C. Induction of mutagenized tomato populations for investigation on agronomic traits
and mutantphenotyping.Journal of Saudi Society of Agricultural Sciences, (2016).30: 30-30.

[17]. Urmila M, Snecha M, Niva D. Induced mutagenesis in sesame (Sesamum indicum L.). Journal of Pharmacognosy and
Phytochemistry.2018;7(1):2321-2325.

DOI: 10.9790/2380-1409030112 www.iosrjournals.org 11 | Page



Effect of Ethyl Methane Sulphonate (EMS) on the Agronomic Performance of two..

[18]. Bolbhat SN, Bhorge VD, Dhumal K. Induced mutations in Horsegram (Macrotloma uniflorum Lam.) Verd.): Chlorophyll
mutations, mutagenic efficiency and effectiveness. InternalJournal of LifeScience and Pharma Research. 2012);2(4):159-168.

[19]. Hegazi AZ,Hamildeldrin N. The effect of gamma irradiation onenhancement ofgrowth and seed yield ofokra (Abelmoschus
esculentus (L.)Moench) and associated molecular changes. Journal of Horticulture and Forestry.2010;2(3):038-051.

[20]. Aledare BM. Morphological and cytogenetic studies on pigeon pea (Cajanus cajan (L.) Millspaugh) treated with sodium azide and
gamma radiation.M.Sc, Thesis, Ahmadu Bello University Zaria, Nigeria. 2014.

|
Garuba Omosun, et. al. “Effect of Ethyl Methane Sulphonate (Ems) on the Agronomic !
Performance of two Pigeon Pea (Cajanuscajan (L.) Millspaugh) accessions.”lOSR Journal of |
Agriculture and Veterinary Science (IOSR-JAVS), 14(9), 2021, pp. 01-12. :

1

DOI: 10.9790/2380-1409030112 www.iosrjournals.org 12 | Page



