
UPPSALA UNIVERSITY

o
o

THE GUSTAF WERNER

INSTITUTE



EF>'SC-IS O? ST0RAG5 AND SOAKING OH MEA.T

SEEDS EXPOSED TO GAMMA RAYS*

by

Nath O Ajayi**

Department of Physical Biology, The

Gustaf Werner Institute, University of

Uppsala, Uppsala, Sweden

GWI-R 8/75 July 1975

Abstract

Wheat seeds, variety Starke II, of water content 11.5/6 of dry

weight, irradiated with Co gamiaa rays over a wide range of absorbed

doses were sowed in wet sand. When analysed after eight days, seedling

growth was found to have decreased with increasing dose, very rapidly

within the first 40 krad and more slowly thereafter until that dose,

500 krad, which made the shoot and the root fa^l to develop. Storage

over three weeks was found to produce greaterj.damage in the seed. The

increased damage exhibited itself as a groater/jreduction in the seedling

growth at doses below 40 krad, and lowering of the dose at which the

seedling failed to develop from about 5C0 krad to 300 krad.

Soaking the irradiated seeds immediately after irradiation for one

hour before planting was found to improve the seedling growth in the

lov/ dose region compared to when-aeeds were immediately sowed» It io

suggested that the water absorbed during soaking permits the free

radicals to recombine and DNA-damage to be repaired. It is thought that
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radiation seriously affects cellular multiplication and the pro-

duction of growth promoting hoaones of the embryo. On the other hand

elongation of surviving, presumably ncn-mitotic cells, is apparently

taking place even at high doses, in fact up to 500 krad.

Introduction

Findings after irradiation of seeds have been reported by many

authors. Sicard et al (1959), for exastple, exposed wheat seeds of

11$ water content to gamma radiation with doses ranging from about

30 krad to a maximum of 280 krad and found that the seedling shoot

height decreases with increasing doses up to 110 krad beyond which

the relation was reversed. They did not notice any reversal with the

coleoptile.

Gustafsson (1938) reported that storage, of seeds for a year after

irradiation increased the X-ray damage. Sax (1941) observed increased

chromosomal abnormalities after storing onion seeds for a week after

irradiation. Also Adams et al (1955) reported increased chromosomal

abnormalities after storing X-ray trealed barley seeds for periods

up to 6 weeks. Sax (1941) and Mitchell and Holmes (1954) have reported

delayed effects of radiation in aqueous solutions of enzymes, proteins,

DNA etc. The cell nucleus is generally considered to be the principal

site of damage by ionising radiation in plants. Sparrow et al (1961,

1962,1965,1965) have shown that the radic-sensitivity of plants is

direcly correlated with their nuclear volume*

The complete nature of radiation damage is not known in the high

dose region, although at least three main hypotheses have been suggested.

The first hypotheses, that long-lived free radicals created by radiation

may cause delayed molecular damage has received some support from the

work of Phillips (1956), who showed that chemically produced free

radicals in barley increase the number of chromosome fragments. Curtis

(1958) reported that the "initial" radiobiological effect is almost

entirely independent of the moisture content of the seeds, but the •

after-effects are very dependent on it. The second hypotheses is that

chromosomes broken by the radiation may restitute rather easily if

cell division takes place soor. after irradiation. If the cell division

is delayed, however, the broken chromosomes may drift so far apart that



restitution is difficult (Curtis et al 1953). The third hypotheses

by Alper (1956) is that radiation produces excitation or ionisation

of specific target molecules which may persist for long times in that

state. If an ionized target molecule can gain an electron it will

return to its normal state. However, if it is approached by some reactive

molecule for example oxygen, before gaining that electron, a reaction

takes place which renders the molecule irreparable.

The aim of the present paper is to find the relationship between

the shoot length, the root length and coleoptile length for wheat

within and beyond the region of doses already investigated by the pre-

vious authors up to the dose at which the seed will fail to germinate,

and find out how radiation affects the seeds when soaked in water

immediately after irradiation. The detailed studies of effects in

various well-defined terms at various times in the development of the

plant is one pre-requisite for the analysis of casual relationships in

radiation damage. The absorbed dose at which a seed fails to germinate

will be refered to as the "killing dose" in the rest of the paper.

Materials and methods

Wheat grains, variety Starke II, of water content 11.5# were placed

in a single line array in a glass tube of internal diameter 0.4 cm,

bent into a semi-circular form of diameter 15.0 cm. The irradiation

source was a freely radiating Co gamma source (Kinell and Larsson

1960) of the Gustaf Werner Institute of the University of Uppsala,

Sweden. The dose rate used was 350 rad/min as determined by Prieke

dosimetry (Spinks and Wood, 1964).

Immediately after the irradiation experiment, the seeds were

removed, with one third of it planted in wet sand of 170 gm of water

to one litre of sand, and with another one third soaked in distilled

water for a period of one hour before planting in the sand. The last

one third was stored in air tight bottles for a period of three weeks

at 20°C before planting. Control 3eeds which were not irradiated were

planted in each plastic dish as used for germination tests. The water

content of the seeds did not change fron 11.5$ at the time of planting.

The seeds v/ere germinated in a climate chamber of the Institute of

Radioblology of the Agricultural College Ultuna, Uppsala, Sweden, at

60# humidity, 20°C temperature, and under a controlled illumination

of 14 hours day and 10 hours darkness. Other samples of seeds v/ere
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also irradiated at the same dose rate as above, respectively with

doses 5.3 and 63.0 krad, and soaked over different lengths of tines

in distilled water at 20°C before planting, to find the effect of

soaking period on the seedling growth. The control seeds in this case

were soaked for the sane length of time as the irradiated seeds to

bring the seeds to the same geminating condition»

The response to radiation vas determined by measuring the root

length, the coleoptile length and the shoot length at various times

during the development of the seedling.

Results and discussion

Generally, the effect of the ionisation radiation on the wheat

seeds is dwarfing of the seedling growth as seen from the graphs of

the seedling shoot length against the ionisation dose (Fig 1) of the

root length against dose (Fig 2) and of the coleoptile length against

dose (Fig 3). Measurements are reported for:

a) seeds planted in wet sand immediately after irradiation

b) seeds soaked in distilled water for one hour immediately after

the irradiation, and planted in wet sand thereafter, and

c) seeds stored for a period or three weeks before planting.

There was no appreciable difference between the values of the three

length parameters for the conditions (a) and (b), for doses above 40

krad, in the cases of the seedling shoot and the root; and above

180 krad, in the case of the coleoptile. Below 40 krad, the shoot of

the seeds soaked in water before planting grew much faster and taller

than that of the seeds planted immediately in wet sand (Fig 1): the

same applies below 30 krad for the coleoptile of the soaked seeds.

Between 30 krad and 180 krad the coleoptile of such seeds were found to be

more dwarfed than those of the unsoaked seeds. The killing dose was

found to be about 500 krad for the root and the shoot and above that

for the coleoptile, the seed being planted immediately after irradiation*

The way in which the period of soaking affected the seedling growth

is shown in Fig 4 for seeds irradiated with doses 5.3 and 63.0 krad.

The control for this experiment was the non-irradiated sample soaked

in water for the same length of time as the irradiated sample. Soaking

the seeds for one hour increases their water content by 13$ to 24.5$.

Fig 4 indicates that soaking of seeds in water immediately after irra-

diation improves the seedling growth, through soaking over a period

longer than one and hall' hours does not appear to have any additional

effect.



From the enhancement observed in the seedling growth, indicated

in the early part of the Figs 1-3 and in Pig 4, it is suggested that

the water absorbed by the seeds during the soaking period reduced the

damaging effect of radiation either by permitting repair of the

existing damage already caused or by reducing the number of free

radicals that otherwise nay cause further damage in the seed. Conger

and Randolph (1955) have also postulated that biological damage might

very much be due to interaction between the radicals that give the

electron-spin resonance signals they were studying and molecules of

biological importance and concluded that if moisture were present, the

radicals could react with water and so be dissipated without causing

further biological damage.

When seeds were stored for a period of three weeks, greater damage

was produced in the seeds. This damage exhibited itself as a greater

diminution of the lengths of the shoot, the length of the root, and the

length of the coleoptile and also as a lower killing dose (Figs 1-3).

This result is in agreement with the works of Gustafsson (1938),

Sax (1948) and Adams et al (1955) cited in the introduction. Following

the idea of Phillips (1956), it is suggested that the continuing action

of the free, and diffusing radicals, is responsible for the increased

damage observed in the stored seeds. It has been observed by Bergbush

et al (1963) that if barley seeds were stored on dry ice after irra-

diation, there was no increase in injury to the seeds even after long

storage periods. Deep-freeling the seeds after irradiation possibly

iomobilizea the radicals created during irradiation, and stops them

from reaching critical molecules»

From the studies of plant growth, it is known that when a seed

absorbs water, the embryo releases gibberellie acid which stimulates

the seed into mitotic activity. This is followed by cellular elongation

and differentiation under the influence of auxins. The effect of

irradiation on the seedling growth therefore also has to take into

consideration the interaction of irradiation on these growth promoting

homones. The shape of the curves in Fig& 1-3 suggests three major effects

taking place that would lead to growth reduction, i.e. decreased

cellular multiplication, inhibited cellular elongation and cell death.

The effect of irradiation in the dose region below 40 krad is thought

to seriously retard cellular multiplication, Possibly also, the pro-

duction of growth promoting homones is also affected. Cellular elonga-

tion of the surviving, presumably non-ioitotic cells, is possibly otill
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taking place even at high dose, in fact up to 500 krad. More or

less killing of cells and inhibited hormonal production aay explain

why the seeds fail to gersinate at the killing doses.
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Fig. 1 The effect of irVadiation on the shoot length of seedlings from wheat sceda

treated in various ways isinediately after irradiation, before planting in

wet sand.
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Fig. 2 The effect of irradiation on the coleoptilo of seedlingo from whnat socds

treated in various ways immediately after irradiation, before planting
in wet sand.



100ft

0

o sown in wet sand
A soaked in distilled water

for one hour
o stored for three weeks

100 200 300 400

ABSORBED DOSE (k rad )

500

Fig. 3 The effect of irradiation on the root length of secdlingo from wheat seeds

treated in various ways immediately after irradiation, before planting in

wet sand. . •



p

o

o

HI
1

LE
N

G
T

•11

100

50

n

i i i

T "T

1 1 1

1 1 1

1 ! 1

1

•

w

1

1

5.3

63.0

I

1

krad

k rad

i

1 !

|

0 5

DURATION OF SOAKING (hrs)

8 10

Fig. 4 The relation between the shoot length of seedlings from irradiated seeds and the

time of soaking.


