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Abstract

The mutagenic effects of fast Neutron irradiation (FNI) from an Am-Be source with a flux of 1.5 x
104 n cm-2 s-1, on the morphological and yield traits of M; and Mz (M = filial mutant) generation of
African Wrinkled Pepper(Capsicum annuum var abbreviatum Fingerh) were studied. Seeds of
the pepper variety were irradiated for 0, 30, 60, 90 and 120 min before they were sown —with
their respective controls — in order to assess the effects of the different irradiation treatments on
the M1 and M2 generations of the pepper plants. Results showed both negative and positive shifts
of characters as a result of FNI treatments. However, 60 minutes was observed to be the most
effective IEP to induce viable and useful mutations for yield parameters in the pepper plants.
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Introduction

The Capsicum genus contains numerous species of sweet and hot peppers (Rei-
fschneider, 2000). The most common are C. annuum L., C. baccatum L., C.
chinense Jacq., C. frutescens L., and C. pubescens R. & P., and horticulturists
have cultivated these species worldwide for long time (Casali and Couto, 1984;
Moscone et al., 2007). In Nigeria, the most indigenous are C. annum and C.

frutescens because these species have a large genetic diversity in the region, and
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they are well adapted to the diverse environmental conditions around the
country. In addition, they are the most recognized species grown in commercial
quantities all over Nigeria (Falusi and Morakinyo, 2001; Mady et al., 2005;
Falusi, 2007). These two species form an important ingredient in people’s diet
around the world (GRIN, 2009) due to the pungency properties of the fruits
resulting from their high concentration of capsaicinoid alkaloid (Bosland and
Vostava, 2000). In addition, Capsicum is a rich source of vitamins A complex, Bl
and B2, C and minerals such as dietary calcium, iron and phosphorus (Bosland,
1992; Gill, 1992; Ado, 1999). The content of vitamin C in the Capsicum fruit is
higher than in Citrus. Capsicum fruits are also popular as food spices, as a
colouring agent and serve as pharmaceutical ingredients (Bosland, 1996). In
African medicine, it is used to treat sore throats (Abdullahi et al., 2003). These
popular uses to which Capsicum peppers have been put had fuelled increasing
demand for the crop thus, necessitating corresponding increased supply of the
product. Though, attempts have been made to achieve this increased supply
through increased cultivation of the different varieties and species; the successes
of such attempts were limited by challenges ranging from dwindling man-power
to inadequate farming conditions. Thus, attention is gradually shifting towards
improving the genetic quality of the species through plant breeding and selection
made possible by radiation-induced genetic variability. This, perhaps, will
ensure that the limited acreage of Capsicum will go a long way in meeting our

needs.

Mutation technology has been used to produce many cultivars with improved
economic value and to advance the study of genetics and plant developmental
phenomena (Bertagne-Sagnard et al., 1996; Adamu and Aliyu, 2007; FAO, 2009;
Fahad and Salim, 2009;

Poornananda and Hosakatte, 2009). Induced mutations have been used to
generate genetic variability and have been successfully utilized to improve yield
components of various crops like Oryza sativa (Awan et al., 1980; Singh et al.,
1998), Hordeum vulgare (Ramesh et al., 2001), Triticum durum (Sakin and
Yildirim, 2004), Cicer arietinum (Wani and Anis, 2001), Vigna mungo (Misra et
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al., 2001), Helianthus annuus (Elangovan, 2001) Cajanus cajan (Ravikesavan et
al., 2001), Sesamum indicum (Mensah et al., 2007), Guizotia abyssinica (Misra,
2001), Solanum tuberosum (Shin et al., 2011). These reports show that
mutagenesis is a potential tool to be employed for crop improvement. Mutation
breeding employing fast neutron irradiation (FNI) has been used to develop new
varieties (Sodkiewicz and Sodkiewicz, 1999) and is widely used for the induction
of mutations (Zhang et al., 2002; David, 2010) resulting in a significant increase

in the yield of major crops, including chilli (Swaminathan, 1998).

Since FNI-induced mutations could be useful as a new source of altered
germplasm, our objective was to assess its impact on growth and yield
parameters of Mi and M2 (Mutant generation) generation of African Wrinkled
Pepper, (AWP), (Capsicum annuum var abbreviatum Fingerh extending the

results achieved more recently (Falusi et al., 2012).

Materials and Methods

Fifty (50) fresh fruits of AWP accessions were bought from a local farmer in
Minna, Niger State, Nigeria. The fruits were kept in a clean polythene bag. The
accessions were identified as Capsicum annum var. abbreviatum Fingerh using
taxonomic aid provided by Simmond (1976), as well as morphological
descriptions of Hutchinson and Dalziel (1963), Schippers (2000) and Abdullahi et
al., (2003). Each fruit of the AWP accessions was cut open; the seeds were
removed, kept separately and sun-dried for 8 h. The dry seeds of Capsicum were
irradiated at the Centre for Energy and Research Training (CERT), Ahmadu
Bello University, Zaria with FNI using an Americium-Beryllium source with a
flux of 1.5 X 104 n cm-2 ¢! for five different irradiation exposure periods IEPs): 0,
30, 60, 90, and 120 min. The equipment used was a Miniature Neutron Source
Reactor (MNSR) designed by the China Institute of Atomic Energy (CIAE) and
licensed to operate at a maximum power of 31 kW (SAR, 2005).

The sun-dried seeds were tested for viability using the floatation method before

FNI treatment. Treated seeds (100 from each treatment) were then planted in
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nursery trays to obtain seedlings, which were transplanted into 3.5-1 plastic pots
containing garden soil, at a rate of three seedlings/pot after 4 weeks in the
nursery. The planted seeds were watered once daily between 5.00-6.30 pm using

bore-hole water. Each treatment was replicated four times using a completely

randomized design (CRD).

Data were randomly collected from 15 plants for germination percentage,
number of leaves/plant at maturity, height of plant at maturity (number of days
to 50% flowering) and yield/plant in each M: and Mz (M = filial mutant)
generation. Data was analyzed using analysis of variance (ANOVA) and Least
Significant Difference test was used to separate the means with significant
differences detected at P = 0.05. Pearson’s correlation analysis was used to find

the relationship between treatments and selected parameters.

Results and Discussion

For M1 Generation:

The FNI treated seeds showed a negative correlation between irradiation period
and seedling survival percentage, implying that as irradiation period increased,
percentage seedling survival decreased (Table 2). Similar result was observed in
chemical mutagen treated Sesamum indicum (Mensah et al., 2007); Lycopersicon
esculentus (Adamu and Aliyu, 2007). Plant heights were increased in the FNI
treated plants; these were significantly different from the control (Table 3).
Similarly, total number of leaves/plant including withered leaves was also
increased in the FNI treated plants; these were significantly different from the
control.

Other yield parameters such as number of fruits/plant, number of seeds per fruit,
length of fruit (cm), width of fruit (cm) and weight of fruit (g) also increased as
the IEP increased. Although, for number of fruit/plants, there were no significant

difference between the control and all other treatments. For the length of fruit
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and weight of fruit, 60 minutes IEP was the best periods among the exposure
periods used to induce beneficial mutants; whereas the 120 minutes IEP was the
best for the production of heavy fruits. Similar effects of ionizing radiation on
reproductive and other yield parameters has been reported for tomato exposed to
sodium azide with a concentration between 1 and 4 mM (Adamu and Aliyu, 2007)
and also for Okra exposed to Gamma irradiation doses between 300 and 500
Gray (Hegazi and Hamideldin, 2010). Asmahan and Nada (2006), Fahd (2009)
and Hegazi and Hamideldin (2010) reported that an increase in irradiation dose

tended to increase certain morphological traits such as plant height.

For M2 Generation:

Seedling survival percentage also showed a negative strong correlation with the
IEPs (Table 2); this implies that as IEP increased, the seedling survival
percentage reduced. Plant heights were decreased in 30 and 90 minutes IEP and
were significantly lower than the control. However, the 60 and 120 minutes IEP
were significantly higher than the control. Total number of leaves/plant
including withered leaves was significantly lower in the 90 minutes IEP than the
control. However, 30, 60, and 120 minutes IEP showed significant increase in
number of leaves/plants. Yield parameters such as number of fruits/plant,
number of seeds/fruit, length of fruit, width of fruit and weight of fruit increased
significantly as IEP increases (Table 2). The 60 minutes IEP seemed to be
consistent in  producing better yields among other IEPs.
Comparing the M1 and Mz plants, all the morphological and yield traits studied
were lower in the M2 plants than the M1 plants. However, higher weight of fruits
was recorded in the M2 generated plants. 60 minutes FNI was observed to be the
most effective IEP to induce viable and useful mutations for yield parameters for
both M1 and M2 generations in the pepper plants. A similar result was reported
by Adamu et al., (2004) and Falusi et al., (2012). Thus, 60
minutes IEP of FNI may be wutilized to increase variability that will

ultimately increase the possibility of isolating mutants for improvement of

pepper.



Advances in Bioscience and Bioengineering 30

Table 1 Description of the pepper (Capsicum spp.) accessions that were used in

this study.

Code Source Local name Botanical name Description
number

AWP Minna Ata Rodo C. annum var. Medium-sized annual

abbreviatum Fingerh plant, small oblong
and wrinkled fruits
with hot taste, one

pedicel per node.

Table 2 Correlation (r) between the treatments and percentage of seeds that

germinated per 100 seeds sown for AWP accession in M1 and Moa.

Treatments
MN/AR/002/%
M,
M.
Control 100
90
30 min 30
83
60 min 21
70
90 min 16
51
120 min 16
51
R -0.8736

0.9700
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Table3. LSD of the effects of Fast neutron irradiation on agronomic traits of

AWP accessions in the M1 and M2 generations.

Characters 0 30 60 90 120

(MN/AR/002) M1

Plant height (cm) 21.68 £+3.68 a 29.94 +7.67 Db 32.79 +£5.11b 29.32 +7.05 33.70 + 10.62
b b

Number of 67.08 £19.68 99.20 +32.80 b 113.00 +2.12 99.09 £ 32.31 120.10 +

leaves/plant a b b 52.95 b

Number of 1590 £+ 7.56 a 17.80 +12.85a 19.00 +7.58 a  19.70 + 8.55 17.50 £ 9.11 a

fruits/plant a

Number of 54.90 £ 21.22  66.10 + 11.08 71.90 £ 16.64  73.5 £19.76 72.00 + 23.87

seeds/fruit a ab b b ab

Length of fruit 3.95+0.86 a 4.28 £ 0.65 ab 5.31 £0.67 c 4.32+1.09a 4.89+1.16 bc

(cm) b

Width of fruit 2.99 £0.71 a 3.59 £0.43b 3.86 £0.29b 3.72+0.54b 3.67 £0.32b

(cm)

Weight of fruit 10.10 + 3.81 9.60 £3.17 a 11.00 £ 1.70 12.20 + 3.55 12.90 £2.42 b

(2 ab ab ab

(MN/AR/002) M:

Plant height (cm) 20.08+2.17b 13.76+2.732 27.63+4.34¢ 13.76+3.422 27.41+5.02¢

Number of
leaves/plant
Number of
fruits/plant
Number of
seeds/fruit
Length of fruit
(cm)

Width of fruit
(cm)

Weight of fruit
®)

108.00+23.83p

14.9+6.452

33.40+11.24a

3.80 £0.81 a

2.66 +£0.41 a

48.63+£16.092

125.60+173.03ab

16.8+12.54b

39.10+13.14a

4.13 £0.51 ab

3.26 £0.33 b

55.20+10.39a

158.40+35.852b

18.0+6.57¢

48.30+14.41b

5.01 £0.67 ¢

3.63+0.22b

63.37+12.29b

77.70+43.712

18.5+7.58¢

42.60+21.43ab

4.11 +0.99

ab

3.49 +0.49b

49.69+22.492

190.50+91.76¢

17.5+8.10b

44.10£17.57ab

4.71 £ 1.09 be

3.34£0.32b

56.65+15.17a

Values are mean + SD. Values followed by the same letter(s) within the same

LSD, analysed for

row do not statistically differ at the 5% level according to

the accession.
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