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ABSTRACT

The time of exposure and mutagenesis effects of X-rax on the germination, growth and development of maize (Zea mays)
“seeds have been investigated employing a nuclear. source, (* 'Sr.as X-ray source; 3mA, 70kv). Five sects of zea mays seeds in
different packs were irradiated in different times of exposure and later planted separately with another 6" non-irradisted sects
(control experiment) on an open fertile land. Measurements at eight days interval were carried out on the plants’ heights, its leaves
‘widths, days to anther and silk for six consecutive times after planting. Results revealed, the day to anther (42) days and day to silk
(35) days after planting respectively for the irradiated sects were delayed. A comparative study carried out on all the sects in terms.
of the plants’ height and leaves' width indicated that 83 percent of the plants examined showing consistent mutation in both heights
and’'leaves width as a function of time of exposure.
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INTRODUCTION

The assessment of the potentials for radiation to
inhibit plant germination, and growth and development has a
leng and complex history. Such assessment of plant
responses to radiation is seen within the context of the
type/source of irradiation including X-rays and naturally
oceurring sources such as radium, cobalt and other elements
that emit various types of radiation including gamma, beta
alpha rays. The biological effects of radiation are essentially
due to the chemical changes they induce in plant cells as a

"result - of ionization, excitation, dissociation and atomic
displacement. (Evans, 1955, Glenn, 1979, Anmohanran, et al,
2002). Plants are not excepted from these effects..

In spite of its usefulness in agriculture to produce
improved varieties of agricultural products, development of
improved varieties which have higher yield, production of
disease resistant varieties of agricultural plants, development
of agricultural products which are better adapted to mechanical
harvesting, radiation has some deleterious effects. These
eifacts can be somatic or genetic (Wall, et al, 1980, Mgbenu,
etial 1992).

lonizing radiation (X-ray) is composed of high-energy
photons that are capable of damaging DNA and generating
caustic free radicals (Hall, 1999,

Walter, 1997, Kevin et al, 1999). The complex

molecules making up living organisms are composed of long -

strands of atoms forming proteins, carbohydrates and fats.
They are held together by chemical bonds involving sharec
electrons. If the ionizing radiation displaces one of the
electrons in a chemical bond, it can cause the chain of atoms
of ;ieak apart, splitting the long molecule into fragments, or
changing its shape by elongation. This is an ungluing of the
complex chemical bonds so carefully structured to support and
perpetuate plants life. The gradual breakdown of these
molecular bonds destroys the templates used by the plant to
inalie DNA and RNA (the information carrying molecules in the
cell) or causes abnormal cell division.

T-ere is evidence that exposure to X-rays accelerates this
breakdown process (Bertell, 1977). Many workers have
studied growth and development response to X-rays by plants.

Yamada (1917); Nakamura (1923); Komuro (1923); Komuro
(1924); Saeki (1936). Their findings revealed that low doses
stimulate plants germination; growth and’ development while:
high doses inhibit germination and consequently development
stages in plants.

Time of exposure must be taken into account in

-assessing the effects of radiations’on population (Grover, et al

2002). An awareness of deleterious effect due to time of
exposure and the fact that most radiation-induced mutation in
plants are undesirable (Mgbenu, et al 2002) has prompted this
study. This baseline study will form basis for assessing any
future effect of radiatioris on plants due to exposure by plant
breeders.

' MATgRIALS AND METHODS

Maize seeds (lfe-Brown) of high viabilty were
collected from Agricultural Department, University of Ado-Ekiti,
Nigeria. a very bushy, moist, Ioamy piece of land measured
600cm by 500cm. (300000cm } in the experimental garden of
the Department of Plant Science and Forestry, Unive-sity of
Ado Ekiti which had been lying fallow for long was cleared off
with cutlass. Land tilling was done with hoes to provide good
and sufficient aeration to the soil. Prior to planting, soil sample
was taken from the experimental site for analysis, to ascertain
that soil and climatic requirements are normal as reporied by
(Sprague, et al, - 1988). The physical and chemical
characteristics of that soil sample are given in Table 1.

The seeds were air-dried prior to irradiation (Yamada,
1917, for 168 hours) for them to attain room temperature. The
seeds were then packed into plastic dishes verified to be non-
radioactive in six (6) different sects. Sect one (1) was not
irradiated (control experiment) while sects two (2), three (3),
four (4), five (5), and six (6) were irradiated at X-ray unit of
State Hospital Ado-Ekiti in different .periods of time;, 1.0
second, 1.6 seconds, 2.5 seconds, 4.0 seconds <ud 5.0
second at the rate of 70kV per second in the same day. .

Planting was done in the month of April year 2000
when rain had become consistent. Seeds were sown per row
at two seeds per stand at 75cm between rows and 25cm
between plants spacmg with depth Scm. Non-irradiated’ sects
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-prevent passers by or rodents from destroying the planted
. seeds. Weeding was done as necessary. The mean average
‘heights and widths of leaves of plants in every row is taken
. with tape rule and recorded at eight days interval for fifty four
.days (54) as seen in Table 2. From the first day of planting,
‘maximum vigilance was put to observe any changes on the
farm. No noticeable change was recorded until the sixth day
when the maize sdeds started germinating.

' RESULTS

After two weeks of planting, measurements and
a%mmc sk observetion commenced. The measurements carried
Ul Ly dis plants weis based on variation in the heighis in (cm)
.and the widths of leaves. The mean measured values are
~taoulated in table 2. These variations in heights and widths are
shown graphically in figures 1 and 2. These figures are in good
‘agreemant with Dose-response curve (characteristic shape for
41; ggiec;loglcal effect that exhibit a mreshola dose)” (Hermen,.
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Table I. - Physical and Chemical characteristics of the soil sample
Properties :¢ i L % < Value
PH e v e 650
Organic Matter Content - 3.30
Nitrogeri (N) 0.08
Phosphorus (P) 3.50
- Potassium (K) 1.36
% Sand 52
"% Clay 26
% Silt 22
* (Department of Agriculture, University of Ado-Ekiti)
Table 2: Recorded variation in heights (H) and widths (W) of leaves of maize plants
’ ‘Sects in seconds
DAYS :
1 2 3 4 5 6
0.00 1.00 1.60 2.50 4.00 5.00
Heights and Widths in cm
Ho W N H W H W, He Wi He W,
6 0.00 0.00 0.00 0.00. 0,00  0.00 1000 0.00 0.00  0.00 0.00. 0.00
AR ‘ 2220 5.60 17.00 2.60 14.00 3.30 . 11.20 3.50 840 230 530 2.90
2 29.10 6.60 2440 4.30 2040 4.00 1740 4.30 13.30 300 930 3.30.
30 46.00 7.00 - 40.00 5.10 3640 5,50 32.50 5.80 2730 4.50 22,60 4.10
38 : 6530 7.50 56.30 6.00 50.30\6.30 4570 650 40.20 5.50 35.10 4.80
- 46 81.14 8.50 75.20  7.50 65.10 7.10 60.20° 6.80 55.00 6.50 51:10 5.80
A 93,32 9,30 L9041 8.20 85.30 .7.80 77.20. 7.40 72.10 7.00 68.30 7.20
* (control experiment) was planted in row one (1), while - DISCUSSION
irradiated sects were planted in rows two (2), three (3), four
(4), five (5) and (B). The area used was fenced with planks to = X-irradiation can cause germ-line mutations, potentially

affec;tmg future genération (Kevin, et al, 1899). Although X-ray
is commonly believed to create bizarre mutations, data show
that it mefely increases the frequency of mutations cccurring
naturally in the general population (Wort, 1941). Time of
exposure is required to double this baseline mutation rate
(Smith, 1935). The results obtained in Table 2 show that there
were drastic reduction in heights and widths in respect to-time

- of exposure, which confirmed Smith report.

In additien, days to tasselling (period when the whorl
protecting inflorescence split to expose the tassel) days to
silking (time of appearance of the female inflorescence), days
to anther (transition from vegetable phase to reproductive
phase), were delayed in soms of ivadiated sects, while some
could not reach these stages and dried-up graejually These
are in good agreement with the results obtained by {Shull, et
al, 1933) that X-radiation seriously disrupls the Chwnisty of
the cell. )

The probability of cytotoxic mutation index in the
nearest future generations was estimated using the (Nobuko et
at, 1889) relationship, which is given as
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% cytotoxic mutation index = EP-Tsj1QO ‘
. : \ \Ta /

‘Where Ts represents numbqr of non-irradiated row and T,
sr%p’zesents total numbers of rows. This was calculated to be

the maize seeds has been aitered (point mutation) as seen in
“the overlapping areas of Figure 2. Since mutation resuits from
damage to one point of gene, the maize seeds descendants
may show some sort of abnormalities in future. The reduction
in plants heights and widths of leaves of irradiated sects
compared to non-iradiated sect can be seen to be significant
over a long period of exposure. These are in good agreement

with exposure relationship given as
Exposure time = _Exposure - (Grover, et al, 2002)
Exposure rate

This algebrauc expression simply implies that if the exposure
time is kept long then the resulting harmful effects to plants is

:’great.
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