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Abstract:

This study investigated the effect of different irradiation exposure periods (IEPs) of fast neutron irradiation on

OBA98 maize. 20 seeds (per treatment) were carefully selected and exposed to fast neutron irradiation (FNI) from
Americium Beryllium source (which was emitting 110 uSV/h as of 11/05/2017) for eight different IEPs: 0, 24, 48,
72, 96, 120, 144 and 168 h at the center for energy research and training (CERT) of Ahmadu Bello University,
Zaria. The seeds were planted in a Complete Randomize Design at the Plant Science and Biotechnology Botanical
Garden of Nasarawa State University, Keffi (NSUK). Data for number of leaves/plant, number of Cobs/plant, girth
length and plant height were collected and analyzed using one way analysis of variance (one way ANOVA).
Germination percentage decreases with increase in irradiation exposure period (IEP). 168 h showed the best result
in all the growth and yield parameters observed. All the irradiation exposure periods (IEPs) used in this research
caused genetic variability in Zea mays L. Different IEPs favors different growth and yield parameters except for
168 and 24 h that consistently showed improvement in all parameters observed. Based on this study, 168 h is the
most effective irradiation exposure period to induce viable and useful mutation in maize.
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Introduction

Botanically, maize (Zea mays) belongs to the grass family
(gramineae) and is a tall annual plant with an extensive
fibrous root system. It is a cross pollinating species, with the
female (ear) and male (tassel) flowers in separate places on
the plant (monoecious).

Maize has become a staple food in many parts of the world; it
is after wheat and rice the most important cereal grain in the
world, providing nutrient for humans and animals and serving
as a basic raw material for the production of starch, oil and
protein, alcoholic beverages, food sweeteners and, more
recently, fuel. Maize is perhaps the most common food crop
in Nigeria, and also the most important as it is eaten in various
dishes and forms the basis for most of the meals prepared by
the average Nigerian family. As we all know, corn is a crop
cheaper than rice and wheat, two of the most consumed
cereals, and this affordability makes maize hugely popular and
highly demanded. This have fuelled a search for simple but
viable ways of increasing supply of the product, independent
of man-power and the adequacy of farming conditions. Thus,
attention has gradually shifted towards improving the genetic
quality of the species through plant breeding and selection.
One possible means is through radiation-induced genetic
variability (Falusi and Dauda, 2014). The FAO (2009)
reported that 2008 marked the 80™ anniversary of mutation
induction in plants. The application of gamma rays and other
physical mutagens such as fast neutrons has generated a vast
amount of genetic variability and has played a significant role
in plant breeding and genetic studies (David, 2010).

The widespread use of induced mutants in plant breeding
programs throughout the world has led to the official release
of more than 2700 plant mutant varieties (FAO, 2009).
Mutation technology has been used to produce many cultivars
with improved economic value and to advance the study of
plant genetics and development (Adamu and Aliyu, 2007;
Poornananda and Hosakatte, 2009; Renalli, 2012). According
to Sodkiewicz and Sodkiewicz (1999), one of the ways to
supplement an existing germplasm with additional variation
and to improve cultivars is by inducing mutation.

Thus, fast neutron irradiation (FNI) induced mutations in
maize could be useful as a new source of altered germplasm
(Falusi et al., 2012). Our study aimed at evaluating the effects

of FNI on germination (survival) growth and yield of OBA98
variety of maize.

Materials and Methods

OBA98 maize seeds were collected from Premier Seed
Nigeria Limited, Zaria, Kaduna State. The 20 seeds were
carefully selected and exposed to fast neutron irradiation
(FNI) from Americium Beryllium source (emitting 110 puSv/h
as at 11 May, 2017) for 0, 24, 48, 72, 96, 120, 144 and 168 h
at Centre for Energy Research and Training (CERT) of
Ahmadu Bello University, Zaria (Table 1). The seeds were
planted in a Complete Randomized Design (CRD) at the Plant
Science and Biotechnology Botanical Garden of Nasarawa
State University, Keffi. The numbers of germinated seeds
were taken as germination (survival) percentage (Falusi et al.,
2012). The plant heights were taken for 9, 23 and 69 days
after  germination, respectively. All plant heights
measurements were made by holding the leaves erect and
measuring the highest point of the highest leaf (Beard et al.,
1958). Girth lengths were also taken at 23 and 69 days after
germination. The girth lengths were measured by placing a
thread round the stem of the plant and measuring the length of
the thread.

Thereafter, number of cobs/plant and number of leaves/plant
were taken at 69 days after germination. All plant
measurements were taken in centimeters and later converted
to meters as the standard unit of measurement.

Table 1: The treatment details of the fast neutron
irradiation from Americium Beryllium source

Initial  Final Duration Dose after
SN Date  Sample time time (h) irradiation
1. 11/05/17 OBA98s; 09:00am 09:00am 24 0.22uSv/h
2. 11/05/17 OBA98s, 09:00am 09:00am 48 0.25pSv/h
3. 11/05/17 OBA98s; 09:00am 09:00am 72 0.34uSv/h
4. 11/05/17 OBA98s, 09:00am 09:00am 96 0.37uSv/h
5. 11/05/17 OBA98ss 09:00am 09:00am 120 0.28uSv/h
6. 11/05/17 OBA98ss 09:00am 09:00am 144  0.38uSv/h
7. 11/05/17 OBA98s; 09:00am 09:00am 168 0.40pSv/h
8. - OBA98s; - - - OuSv/h
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Results and Discussion

Data collected for plant height, girth length, number of
leaves/plant and number of cobs/plant were analyzed using
one way analysis of variance (ANOVA) in Smith’s Statistical
Package (SSP) software. There was a negative correlation
between percent of germination and irradiation exposure
period (IEP) which implies that as IEP increases, percentage
of germination decreases (Table 2). While fast neutron
irradiation (FNI) affected the percent of germination of the
seed negatively, positive effects were recorded in terms of
plant heights (Table 3), number of cobs/plant and number of
leaves/plant (Table 4), girth lengths (Table 5) 69 days after
germination.

Table 2: The effects of fast neutron irradiation on
germination (survival) percentage of OBA98 maize variety

Germination percentage

Irradiation time (h) in the field (%)

0 100.00
24 90.00
48 90.00
72 75.00
96 75.00
120 55.00
144 55.00
168 75.00

Table 3: The effect of fast neutron irradiation on plant
height at three periods after germination of OBA98 maize

variety

Irradiation _Plant heights (m)

time (h) 9 days 23 days 69 days

0 0.388+0.049 1.005+0.061 2.260+0.349
24 0.385+0.031 1.018+0.079 2.558+0.227
48 0.313+0.046 0.908+0.135 2.485+0.258
72 0.360+0.008 0.980+0.092 2.468+0.397
96 0.320+0.028 0.895+0.039  2.458+0.070
120 0.275+0.071 0.718+0.123 2.210+0.119
144 0.330+0.008 0.893+0.043 2.163+0.889
168 0.383+0.013  1.053+0.102 2.715+0.394

Values are mean *+ SD; Means followed by the same superscript
letter(s) within the same column do not differ statistically at 5% level,
F vale = 0.8375, P value = 0.5672 for 69 days after germination

Table 4: The effects of fast neutron irradiation on the
number of leaves/plant and cobs/plant of OBA98 maize at
69 days after germination

Irradiation number of
. number of cobs

time (h) leaves

0 13.000+0.817 1.750+0.500
24 13.750+1.258 2.000+0.817
48 12.750+0.957 1.750+0.500
72 12.250+0.957 1.500+0.577
96 13.000+0.000 1.250+0.500
120 13.500+3.000 1.750+0.957
144 11.500+1.915 1.000+0.817
168 13.750+1.500 2.000+1.414

F value =1.0150 F value =0.7500
P value =0.4456 P value =0.6331

Values are mean * SD; Means followed by the same superscript
letter(s) within the same column do not differ statistically at 5% level
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Table 5: Effects of fast neutron irradiation on the girth
lengths of OBA98 maize at two periods after germination

Girth length (m)

Irradiation time (h)

23 days 69 days
0 0.046+0.007 0.061+0.007
24 0.056+0.004  0.063+0.005
48 0.045+0.008  0.059+0.011
72 0.051+0.004 0.061+0.009
96 0.051+0.005 0.066+0.013
120 0.040+0.007  0.065+0.007
144 0.052+0.008  0.064+0.021
168 0.063+0.014 0.07240.015

Values are mean + SD; Means followed by the same superscript
letter(s) within the same column do not differ statistically at 5% level,
F value = 0.4211, P value = 0.8794 for 69 days after germination.

Table 6: Differences between growth parameters of Zea
mays following fast neutron irradiation for eight periods

Growth parameters

.Il.ri?glg[)lon Plz?mt Girth No. of No. of
height length leaves/plant _ cobs/plant
0 2.260+0.349 0.061+0.007 13.000+0.817 1.750+0.500
24 2.558+0.227 0.063+0.005 13.750+1.258 2.000+0.817
48 2.485+0.258 0.059+0.011 12.750+0.957 1.750+0.500
72 2.468+0.397 0.061+0.009 12.250+0.957 1.500+0.577
96 2.458+0.070 0.066+0.013 13.000+0.000 1.250+0.500
120 2.210+0.119 0.065+0.007 13.500+3.000 1.750+0.957
144 2.715+0.394 0.064+0.021 11.500+1.915 1.000+0.817
168 2.715+0.394 0.072+0.015 13.750+1.500 2.000+1.414

Values are mean + SD; Means followed by the same superscript
letter(s) within the same column do not differ statistically at 5% level

Although, all the differences (Table 6) observed in the growth
and yield parameters were statistically insignificant (i.e.
P>0.05), plant heights were improved by 168, 24, 48, 72 and
96 h, consecutively. Similarly, 168, 24, and 120 h resulted in
more leaves/plant, but more cobs/plant was seen in 168 and 24
h only, while 168, 96, 120, 144 and 24 h produced thicker
stems, when compared with the control (0 h).

The negative correlation between irradiation exposure periods
(IEPs) and percent of germination observed in this research, is
similar to the findings of Falusi et al. (2012), on the effects of
fast neutron irradiation (FNI) on pepper, also, Adamu (2004)
and Amjad et al. (2008) reported similar negative effect of
irradiation on chickpea seed germination. But Poornananda
and Hosakatte (2009) reported 100% germination and survival
when Niger (Guizzotia abysinica) seeds were treated with
gamma irradiation. Small amount of FNI affected the plant
growth positively as seen in 24 h and decreases as the
radiation period increases as seen in 120 and 144 h. Sebastian
(2012) reported a similar result on Alders and Norway spruce
plants. But a very high IEP can increase plant growth as
observed in 168 h and this is similar to the results of Asmahan
and Nada (2006), Fahad (2009) and Hegazi and Hamidaldin
(2010).

Generally, fast neutron irradiation increased the vegetative
growth of OBA98 maize as shown by the number of
leaves/plant (Table 4). This result is similar to the findings of
Falusi et al. (2012) on the effects of FNI on three species of
pepper but differs completely from the findings of Adamu and
Aliyu (2007) on tomato, Poornananda and Hosakatte (2009)
on Niger, and Adamu (2004) on pop-corn maize, whose
results showed a decrease in the number of leaves/plant due to
exposure to different irradiation sources.
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Conclusion

Conclusively, all the irradiation exposure periods (IEPs) used
in this study caused genetic variability in maize. But for 168
and 24hrs, different IEP, tend to favour different growth and
yield parameters. 168 h showed the best result in terms of
number of leaves/plant and all other growth and yield
parameters observed, this implies that the higher the number
of leaves in a plant, the better the photosynthesis of the plant.
Thus, based on this study, 168 h is the most effective
irradiation exposure period to induce viable and useful
mutation in maize.
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