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Summary. Radiation induced stimulation of plating ef- 

ficiency of free plant cells was observed following ir- 

radiation with X-rays (1.25 Gy, dose rate 3.1 Gy.min -1 ) 
and fission neutrons (1.5 Gy, dose rate 0.05 Gy.min -1 ). 

The dose range where the radiation stimulation effect is 
manifest is inversely correlated with the applied dose rate. 

The results are discussed in view of the radiation in- 
duced stimulation as it is applied in agricultural practice. 
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Introduction 

When seeds of crop plants are irradiated with appropriate 

doses of X-rays or "f-rays (between 2 and 20 Gy) before 
being sown, an increased yield can often be obtained. 

This phenomenon,  the 'radiation induced stimulation ef- 
fect', is extensively documented and the principle is wide- 
ly applied in agricultural and horticultural practice (Simon 

and Bhattachariya 1977). 

Practical application, however, is often criticized be- 
cause of the low degree of reproducibility of the stimula- 

tion effect. It is supposed (Bhattachariya anfd Joshi 1977) 
that this inconsistancy is due to an incomplete knowledge 
of environmental and other factors that may modify the 

response of seeds to the possibly stimulating doses. In 
addition, inadaequate understanding of the primary re- 
sponse of plant cells to radiation hampers the search for 

those factors influencing the stimulation effect. Thus, it 
is not  yet understood why radiation stimulation treatment 
of seeds generally will result in a higher yield, but some- 
times will not.  
Recently a reproducible radiation stimulation effect was 
observed 0Verry and Stoffelsen 1979) in a study on the 
cell killing effect of ionizing radiation of free plant cells. 

A more detailed study - especially with respect to the in- 
fluence of radiation quality and dose rate - is presented in 
this report. 

Materials and Methods 

Details on initiation and maintenance of the cell suspension cul- 
ture of Haplopappus gracilis (Nutt.) Gray have been published 
previously (Werry and Stoffelsen 1978). 

Free cells were obtained by filtering a suspension culture 
through a series of nylon sieves having successive mesh widths 
of 297, 210 and 88 ~m. The resulting suspension contains about 
2.5 X 103 viable units per mililitre. Of these units, approximately 
80 per cent are unicellular and 20 per cent bicellular; a negligible 
proportion are multicellular. 

Free cells suspended in their own growth medium were ir- 
radiated with X-rays (160 kVp, filtration 0.25 mm Cu and 1.0 
mm A1) and fission neutrons (mean energy 1.7 MeV, gamma con- 
tamination less than 5 per cent of the neutrons dose) (BARN 
reactor; Chadwick and Oosterheert 1969). Immediately after ir- 
radiation, the replating technique was employed: an aliquot of 
the irradiated cells was rapidly mixed with 2.3 volumes of liquid 
(40~ B-5 agar medium and poured on top of feeder agar (pre- 
plating step). After a 2 weeks incubation at 28~ in darkness, 
the soft agar containing small colonies was carefully mixed with 
liquid (40~ soft agar so as to give a maximum density of 0.5 X 
10 a small colonies per mililitre. Then 1 ml of this mixture was 
poured on top of solid feeder agar in Petti dishes (replating step). 
The Petri dishes were sealed with parafilm and incubated at 28~ 
in darkness. 

After 2 weeks those cells that had developed into a colony 
large enough to be observed by eye - after about 12 cell divisions 
- were defined as survivors and counted. The plating efficiency 
(PE) is defined as 

(number of visible colonies) 
PE = X 100 per cent. 

(number of preplated units) 

Survival S is defined as the PE at a given dose relative to the PE of 
the unirradiated control. 

Corrections for the occurrence of bi- or tricellular aggregates 
in the filtered suspensions were made by applying the functions 
(Howland 1977) 
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Sob s = 1 - L 

where Sob s is the observed fractional colony survival and L the 
observed fractional colony inactivation, 

L = Pfx + p2 t"2 + pa t"3 

where 1"1, f~ and f3 are the fractions of uni-, bi- and tricellular 
aggregates in the irradiated suspension (these proportions are 
determined microscopically in each experiment) and p is the frac- 
tion of inactivated free cells (it is assumed that p has the same 
value for free cells and cells in aggregates) and 

S = I - p  

where S is the free cell survival. 
In general the PE in the untreated control is about 80% and 

never exceeds 90%; when in an experiment the PE of the untreat- 
ed control is lower than 60%, this experiment is discarded. It was 
demonstrated previously (Werry and Stoffelsen 1978) that within 
a single set of experiments, where experimental conditions are 
fully identical, the PE is strictly correlated to the volume of the 
inoculum in the replating step. It is inferred from this correlation 
that the size of the aggregates - independent of the depth of the 
inoculum layer - determines the PE. In the procedure employed 
in this study the diameter of the aggregates resulting from unir- 
radiated free cells, is such that approximately 20 per cent of the 
aggregates are covered with a layer of soft agar and therefore can- 
not develop into visible colonies because of inadequate gas ex- 
change. 

R e s u l t s  

The Effect o f  X-rays on PE 

Irradiation of free cells results at first in an increase of 
the survival and, at increased dose, in a more or less sub- 

stantial - depending on the applied dose rate - cell 
killing (Fig. 1). The effect of dose rate is such that maxi- 

mum S occurs at a lower dose when the applied dose rate 

is higher. 
It should be borne in mind here that the 'stimulated' 

PE can never be higher than 100% in a properly executed 
experiment. Extensive and repeated counting of the ag- 

gregates before and after the replating step showed that 
the increased S cannot be attributed to fragmentation of 

aggregates in the replating step. 

The Effect o f  Irradiation with Fission Neutrons 

No stimulation of survival could be detected when the 
cells were irradiated with fission neutrons at a dose rate 
of 1 Gy.min -1 (Fig. 2). However, when a dose rate of 
0.05 Gy.min -1 was applied a pronounced stimulation 
effect could be noticed, with a maximal effect at a dose 

of 0.5 Gy. 
When fission neutrons are applied at a dose rate of 
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Fig. 1. Free cell survival ofH. gracilis after X-irradiation 
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Fig. 2. Free cell survival of H. gracilis after irradiation with fis- 
sion neutrons 

1 Gy.min -a , which was always used in previous experi- 
ments (Werry and Stoffelsen 1979) it is for practical 

reasons impossible to apply doses lower than 1.5 Gy. 
Based on the approximately exponential dose effect re- 

lationship for cell killing it was supposed that a radiation 

stimulation effect could not be effected by irradiation 
with fission neutrons. Following the observation with 
X-irradiation, however, that the dose range where the 
radiation stimulation effect is manifast, is inversely cor- 
related with the applied dose rate it was hypothesized 
that a radiation stimulation effect probable could be 
effected by fission neutrons when applied at a sufficient- 
ly low dose rate. Figure 2 shows that at a dose rate of 
0.05 Gy.min -1 a radiation stimulation effect was indeed 

observed. 
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Discussion 

The observed increase in S at appropriate doses of X-rays 
and fission neutrons is an unexpected and unique phe- 
nomenon in cellular radiation biology. The effect can be 
understood when the following arguments are considered: 

1. Growth stimulation in callus cultures of Haworthia 
mirabilis, effected by radiation induced cytokinins, has 
been recently demonstrated by Pandey et al. (1978). 

Preliminary experiments in our laboratory have shown 
that extracts of  Haplopappus cells grown in suspension 
for 3 weeks after irradiation with X-rays to doses of 2.5 
and 5 Gy stimulated growth when applied to growing 
suspension cultures. This stimulation was expressed as 
increased fresh weight. No increase in dry weight, how- 
ever, was found, indicating that the size of the cells was 
increased but not the number of cells. 

2. The main factor that influences the plating ef- 
ficiency is the size of the aggregates at the replating step. 

It can be considered from these arguments that fol- 
lowing irradiation with X-rays and fission neutrons - at 
appropriate doses and dose rate - the diameter of the 
cells is increased due to the action of induced cytokinins, 
and, subsequently the size of aggregates at the replating 
step is also larger. The result is a higher plating efficiency 
which - when the cell killing effect of the radiation is not 
severe - exceeds that of the unirradiated controls. 

The dose rate is apparently an important factor which 
influences the stimulation effect: the higher the dose rate 
the lower the dose where maximal stimulation occurs. 
Two separate aspects may be distinguished in this effect: 

1. The cell killing effect of radiation is less severe 
when the radiation is applied at low dose rate. This is 
most probably due to the more ample possibility for the 
cells to repair the sublethal damage (Ben Hur et al. 1974; 
Werry and Stoffelsen, in preparation). Consequently the 
stimulation effect - which is only manifest when the 
cell inactivation effect is low - is apparent over a greater 
dose range at low dose rate than at high dose rate. 

2. In analogy to the more efficient cell killing ac- 
tivity of radiation when applied at high dose rate it may 
be supposed that also the cytokinin induction is more 
efficient at high dose rates. This would mean that with a 
high dose rate already at a low dose sufficient cytokinin 
is induced to bring about the stimulation effect. 

From these arguments it can be inferred that the ob- 
served dose rate effect is the result of two different ef- 
fects: increased cell killing at high dose rate and enhanced 
cytokinin induction. 

The cellular response to ionizing radiation - as it is 
observed in this study - at a dose that is well within the 
dose range that is normally used in practical radiation 
stimulation programs, may provide the basis for an ex- 
planation of the apparent low degree of reproducibility 
of this phenomenon: since cell elongation is a main fac- 

tor in seed germination it seems most probable - in view 
of the present study - that radiation stimulates pre- 
eminently this cellular activity. The result is an increased 
seedling height and root length. Whether or not this in- 
creased size of the seedling results in bigger plants and 
higher yield may be depend on how such environmental 
factors as (micro)climate, soil condition etc. affect seed- 
lings of  abnormal size. 

A correct assessment of whether a radiation stimula- 
tion treatment should be applied in a given situation or 
not must necessarily include an assessment of the factors 
that affect - positively or negatively - the stimulated 
seedling. 
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