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STELLINGEN

Op een santal terreinen der fundamentele en toegepaste biolo=-
gische wetenschappen is dringend behoefte aan een volledige
inventarisatie en kritische her-evaluatie van alle ter zake
dienende informatie, teneinde tot een doelmatiger voortzet-
ting van het onderzoek te komen.

De mogeliJkheden van mutatieveredeling bij vegetatief ver-
meerderde gewassen worden in hoge mate bepaald door de be-
schikking over een methode tot adventiefspruit-vorming aan
afgesneden bladeren.
CeBroertjes, B.Baccius & S.Weldlich. Euphytica 17
(1968), 321-344.

Hussein's stelling dat 'In mutation breeding, more useful

genetic variation can be obtained by chemical mutagens than

by ionizing radiations' is een onjuiste generalisatie.
H.A.S.Hussein, Theorem I, Wageningen, 1llth October 1968.

Selektlie op hoge fertiliteit in de eerste generatie na zaad-
bestraling (Ml is niet voor alle doeleinden aan te bevelen.
M.Mesken & J.H.van der Veen. Buphytica 17 (1968),

363-370.

'Reciprocal recurrent selection' is een efficiente methode
voor de veredeling op bloemopbrengst en pyrethrinegehalte
in Pyrethrum.

Bij de mutatieveredeling van door zaad vermeerderde gewassen
in de tropen liggen de belangrijkste perspektieven in het
mogelijk maken van nieuwe produktiepatronen en in de verbete-
ring van kwaliteitseigenschappen.
M.S.Swaminathan. Induced mutations in plants, IAEA/FAO,
Vienna (1969), 719-734.

Ontbossing heeft dusdanig ernstige en langdurige gevolgen
voor de mensheid dat plaatselijke, nationale, en supra~
nationale instanties in onderlinge samenwerking alle midde=-
len dienen aan te wenden tot rigoureuze handhaving, en waar
nodig herstel, van het voor de waterbeheersing en de bodem-
bescherming benodigde bosbestand.

Toereikend inzicht in de proeftechniek en het samenwerken
met ervaren ter zake kundigen bij de voorbereiding van proe-
ven zouden het rendement van het landbouwkundig onderzoek
In Nederland met een waarde van verscheidene miljoenen
guldens per jaer doen toenemen en het wetenschappelijke
niveau van dit onderzoek ten goede komen. Verwezenlijking
van dit doel vereist de spoedige instelling van een studie-
richting san de Landbouwhogeschool, die de opleiding van
landbouwkundig gevormde statistici beoogt.

Indien diverse maatregelen tot stimulering van geringe
kinderazantallen in Nederland niet op korte termijn worden
genomen en het gehoopte resultaat hebben, zal beperking der
gezinsgrootte in de komende generatie onvermijdelijk ge~
schieden door dwang.

De mogelijkheden tot opleiding aan instellingen in de ont-
wikkelingslanden moeten worden uitgebreid, zo nodig ten
koste van bedragen die beschikbsar zijn voor beurzen of
studietoelagen voor opleiding in de ontwikkelde landen.

" R.B.CONTANT
Wageningen, 5 juni 1970
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1, GENERAL INTRODUCTICN

l.1. Motivation and aim

Mutation induction is an increasingly important tool in the
genetic improvement of cultivated crops, especially of those with
8 long breeding-history; the breeder's aims are many and mutagenic
treatment cannot yet be recommended for all applications. & thorough
evaluation of the potentialities of mutation breeding in a given
¢rop species is only possible by means of model selection and breed-
ing experiments, with material subjected to various mutagens and
dose levels at different stages of ontogenesis. This requires, among
other things, both standardised methods and growth conditions, and
suitable biological criteria to assess the effects of mutagenic
treatments. Such standardisation is impossible without knowledge
of the responses of a species to various kinds of mutagens, in
terms of survival, growth, development, fertility and mutability.
Though these responses are qualitatively similar in diverse species
of higher plants, their gquantitative relationships may differ con-
siderably. This applies not only to the various kinds of damasge at
the cellular and subcelluler levels but also to the macroscopic ma-
nifestations, which are greatly influenced by the anatomical and
morphogenetical features of the species at all stages of develop=-
nent, ¥Foxr this reason, radiobiological investigations cannot be
restricted to those species that are methodologically the most
suitable for resolving fundamental problems (e. .barley(57’69’85’142),
21235(152’195), Tradescantia(59’112’139’159’179 s Arabid02313(5’153)
and species with a 1-locus gametophytic self-incompatibllity system
43 ), but must be extended to the crop species in which mutation
breeding is to be practised.

The choice of the tomato for the present study was dbaszed on
its sconomic and nutritional importance and on the probability that
mutation induction will be of substantial value to its future genetic

improvement in both qualitative and quantitative tratts(1s35, 36,110,
123,188),

The aim of this study was, in general terms, to contribute to
the radiobiological and technical knowledge of the tomatc needed
to devise standardised methods and procedures of seed conditioning,
irradiation and culturing; end to identify characters which may be
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uged as early indicators of radiation effectiveness, with a view to

obtaining reproducible resulis in mutation induction experiments,

Material and variables

For all experiments, use was made of cv. 'Moneymaker', which
wag, until recently, one of the most important tomato cultivars
grown in the Netherlands. In one experiment, a second culiivar,
'Glorie', was used for comparison.

The present experiments, carried out in the years 1965-1967,
were concerned only with the effects of acute fast neutron irra-
diation on both dry and germinating seeds., They were followed in
1968-1969 by similar experiments in which the effects of fast neu~
trons were compared with those of high energy X~rays at different
temperatures; the results of these will be published separately.

The restriction of this programme to the effects of ionizing
radiations on seeds was justified on the grounds that the action
of chemical agents on the tomato has been studied extensively by

others(ss’ 87, 88)

s and radiation effects on other ontogenetic
stages have been the subject of complementary research programmes
of the Association EURATOM - ITAL(33’46’47’48’49), one of waich
involved a direct comparison with seeds(33).

Neutrons were chosen for the first series of experiments be-
cause their effects on dry seeds, in contrést to those of X- ox [-
rays, are little modified by external factors such as temperature,
moisture content, oxygen availability during irradiation, the ad-
dition of S~-H containing compounds and post-~-irradiation storage
(27, 42, 56, 74, 78, 104, 132, 141, 142,145) i fact is ascribed

to the high average density, and therefore the rapid interaction,
(56,78,118,142,168)

of ions and radicals produced by neutrons v 28 &

result, this type of radiation is particularly suitable for study-

ing the effects of endogenocus variables.

Dry seeds are generally regarded as suitable material for radio-

biological experiments and for mutation breeding. Little is known,

however, about the relative mutagenic efficiency of radiations on

prehydrated seeds(142) and all detailed information available comes
from experiments with X—rays(99 ). Several studies, concerned only
with characters of the irradiated generation, have shown important
differences between X-rays and neutrons with regard to the changes
in sensitivity during hydration(104'169). Therefore, the period of
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seed hydration/germination prior to irradiation was chosen as the
main variable in the present experiments,

The space and labour requirements of the tomato are consider-
able. Its relztively long life cycle, the need to pursue experiments
ur to the second generation (Mg) to obtain an indication of induced
transmissible changes, and the large numbers of plants required per
treatment imposed severe restrictions on the number of experiments.
Nevertheless, the suitability of various methods of culturing could
be explored by performing the successive experiments under partially
different conditions.
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GLOSSARY OF TERMS AND ABBREVIATIONS

estinate of regression coefficient

concerning the integrity of the chromosomal struc-
ture

cultivated variety (cultivar)
degree(s) of freedom

irradiation treatment (series) of dry seeds in ex~
periment i

fast neutron dose {dose rate) expressed as krad
(krad/h) in water

radistion = : a measure of the amount of radiation
passing through a material; the unit of dose is the
rad

dose reduction factor: factor by which the radiation
dose, expressed ag DH»0, required to produce a spe=-
cified biological effect is reduced by a given pre-~
hydration/germination treatment, compared to dry
seed irradiation

dose, expressed as DH,0, required to procduce 50% of
the maximum possible effect on a given character

mutagenic -: the rate of increase per unit dose in
the frequency of recessive mutations in relation to
other, usually detrimental, biological effect? such
a8 reduction in survival, growth or fertility cf.144)

= of radiation: the magnitude of the response of a
given character per unit dose of radiation

an elementary particle which is a common constitu-
ent of all atoms, having a mass of 9,1091 x 10-28
gramme and unit negative electric charge

4.18 x 10~7 calory
electron volt: 1.6 x 1012 erg

- plant: possessing )24 seeds in each of the 2
trusses harvested (2 fruits per truss)

concerning the hereditary material in an unspecified
menner, i.e. genic or chromosomal

concerning the genes, i.e. the DNA codons, but not
the structure of the chromosomes

protrusion of the radicle from the seedcoat
tomato cv, 'Glorie!

irradiation treatment (series) of prehydrated seeds
in experiment i

irradiation treatment (series) of seeds prehydrated
for % hour, 3 hours, ete. (exp.4 only)

International Atomic Snergy Agency, Vienns



Initial cell
ionization

keV
krad
LET

log/normal prob-
ability paper

M
M,

MM
mutant

mutation

n

neutron

normal proba-
bility paper

P

proton

quantal charac-
ter

r
1,3

Tiy3

Tad

cell in the shoot or root meristem of an embryo or
seedling at the time of irradiation which contri-
butes to the formation of an organ or tissue

the liberation of an electron from an atom or mole-
cule, resulting in a free electron and a positive
ilon

107 oV
103 rad

linear energy transfer: the amount of energy depo-
sited by a traversing quant or particle in the ir-
radiated object per micron track length {keV/um);
the biological adeguacy of this conc?%? is chal-
lenged in the most recent literature( 18, 65) but
no satisfactory alternatives are yet available

as normal probability paper (see below) but with
log x as abscissa

(of the) irradiated generation
(of the) selfed offspring of irradiated individuals
Moneymeker!

Mo individual carrying in homozygous condition a
mutation with visible expression

genetic change provoking, in the selfed offspring
of an irradiated individual of an inbred line, a
phenotypic segregation not readily distinguishable
from that of a single gene

tomato cv.

number in a group oxr sample

& nuclear particle having the approiimate mass of a
proton (mp = 1.6748 x 10~24 gramme} and being elec-
trically neutral

a specially ruled graph paper with a variate x as
abscissa and an ordinate y scaled in such a way
that the graph of the distribution function, y, of
the normal distribution, is a straight 1ine{100)

level of statistical significance

& nuclear particle having the mass of a hydrogen
nucleus (m, = 1,6725 x 10-24 gramme) and unit po-
gitive eledtric charge

character giving an all-or-none response to a gtimu-
lus

sample correlation ccefficient between characters
iand j

mean sample correlation coefficient, obtained after
ryz transformation ?f individual revalues and back-
transformation %,% (64 ,table VII1)

a unit of radiation dose defined as the amount of
rediation which leads to an absorption of 100 erg
in 1 gramme of the material
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rgcovery

repairx
restituticon
reunion

root
S.E.
shoulder

SR

stem

sublethals
sublethal dose

threshold dose

6.

repair plus cell elimination and cell replacement,
plus the diminution, in the course of growth and
development, of the physiologlical consequences of
damage to the early organs

all processes leading to the elimination of radia-
tion injury at the intracellular level

the joining of chrgmosome fragments resulting from
the same break(178

= recombination: the Joining of chrgmosome fragments
resulting from different breeks(178

primary root, gnless otherwise stated
estinated standard deviation

that pert of the dose/response curve corresponding
to an absence of negative response

sensitivity ratio: average effectiveness of fast
neutrons on cv. 'Glorie! relative to cv. 'loney-
maker! with regard to a given character

hypocotyledon + sten up to the main shoot apex, un~
less otherwise stated

M5 seedlings of such low vigour that they are un-
suitable for recognising distinct mutant character-
isticss usually lethal at an early stage

dose of radiation leading to a very high proportion
of individuale with a permanently srrested or gross-
ly disturbed main shoot apex

the highest radiation dose at which there is no
detrinental effect on the character studied

4 different terminology has recently been suggested by Alper et al.

(4) +o overcome the confusion in the use of the terms 'recovery!
and 'repairf, but the new terminology is not yet in general use.
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3. TRRADIATION AND DOSIMETRY

3.1. Introduction

o_,\

The interactions of fast neutrons with matter have been thorough-
ly described in most radiation physics textbooks(s’ 61). Consequent-
ly, only those characteristics which are of fundamental importance
for understanding the action of fast neutrons on biological material
will be discussedj for further information reference may be made to
Leaﬂrﬁ), Giles(74), Sparrowcjl) and Barendsen(9 ).

Past neutrons, having, by definition, an energy >10 keV, inter-
act in tissue mainly by elastic collisions with C, H, N and O nuclei.
In most biological material the reaction with E, which produces re-
coll protons of varying kinetic energy, accounts for as much as
85-95% of the total dose absorption(gz). The recoil protons have a
very low penetration (e.g.,600 keV protons travel only 15 microns
in tissue having a specific density of 1.0) but on their path pro-
duce a dense track of ionisation, caused by ejections of electronsj
these electrons in turn cause the ejection of low-energy secondary
electrons with low penetration. Consequently, the path of a fast
neutron is surrounded by a dense 'column! of primary and secondary
lonisations at very close proximity. The heavier recoil ions of C,
¥ and 0 have an even lower penetration and consequently produce even
denser ionisation tracks. Other reactions are not relevant in the
Present context.

Until recently most workers applying neutrons to higher plants
ignored the dose absorption characteristics of their material and
the physical characteristics of the radiations usedj dosimetrical
data were given in a wide variety of units, frequently without refer-
ence to the methods cemployed. It is thus difficult to compare results
in most of the literature dealing with fast neutron irradiations of
Plants, This difficulty is aggravated by problems arising from the
widely different tynes of neutron source used. In principle, mono-
energetic neutrons from an accelerator are the most suitable for
biological experiments., Yevertheless, for both research and applied
purposes, the most commonly available source, a nuclear reactor,
must usually be relied on., This is in spite of the widoe energy diet
bution and the Y-contamination of its beam and the resulting very
complicated dosimetry and spectrometry. The comparison of experiments
carried out in different reactors is hampered by differences in

ri-



3e 20

Be

neutron output, in neutron spectrum andé in the proportions of con~
taminating radiation. Other complicating factors include differences
in conetruction of the neutron facility which lead to differences in
both the geometry of the irradiated specimens and the control of en-
vironmental conditions before, during and shortly after irradiation.
Consequently, even with a full description of all relevant factors
end circumstances, it may still be impossiﬁle to obtain an accurate
reproduction of experiments with a different reactor., This problem
can bé-partly overcome by monitoring with a standard bioclogical mate

rial, such as Himalaya barley, for which a system is now being de~
VelOPEd(92’95). However, this presupposes a high degree of repro-
ducibility of results at any given mite, and this can be achieved
only by rigorous standardisation of both the experimental procedures
and the test material,

The aim of the present chapter is to provide dosimetrical data
relevant to irradiated dry and germinating tomato seeds, As far as
possible, the recent IAEA recommendations on dosimetry reporting,
briefly enumerated below, will be followed. While descriptions of
both the irradiation facility and the physical dosimetry were avail-
able in published papers, information on the characteristics of dry
and germinating tomato seeds relevant to fast neutron dosimetry was
lacking, and had to be obtained experimentally. The doses absorbed
in the various irradiated materials could subsequently be calculated
from the physical and biological data.

IATA recommendations on dosimetry reporting

In 1967, the IATBA convened a study group to deal with both the
bproblems of neutron dose measurement in biological experiments and
the method of their reporting. This group recommended that the folw
lowing information should be cbtained and reported in all papers
dealing with neutron seed irradiation(92’93):

(2) the characteristics of both the neutron fecility and the contain-
er or apparatus holding the seeds during irradiation; the irra-
diations must be performed in either an adequately isotropic
field or = beam;

(b) the neutron flux demsities and spectral distribution;

(¢) the absorbed neutron doses (dose rates) expressed in red (rad/n),
either specifically for the objects irradisted, or estimated by
reference to a material of known atomic composition, e.g. 5,03
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(d) the absorbed doses due to contaminating radiations expressed in
rad (rad/h);

(e) the atomic composition of the irradiated objects, preferably the
embryos rather than the whole seeds, for at least B, C, H, ¥ and
0 in thermal neutron irradiations and for at least E (but if
possible also C, I and 0) in fast neutron irradiations;

(£) the correlation between the data under (b) and (¢) and a stan-
dard biologicel effect such as the reduction in growth of the
lst leaf of Himalaya barley equilibrated at 13% moisture.

When the present experiments were conducted it was not yet pos-
sible to supplement the physical and chemical dose measurements with
a biological monitoring system. Inform;tion on (f) is consequently
lacking. The other data are given in the following sections.

Irradiation facility: reactor BARN

The 'Biological igricultursl Reactor Fetherlands' (BARN) is =2
swimming pool reactor with light water as moderator and coolant,
with 90% enriched 2350 as fuel, operating at a maximum permissible
power of 100 kW; its most important feature is a 5x7 m climate
controlled chamber below the reactor core, separated from the latter
by a D,0 diffusor,.and by 2 bismuth shields to filter out most of
the contaminating Thradiation(l4')
irradiations were performed with all D,0 dumped from the diffusor,

» In the present experiments, the

In this way, a fast neutron beam is obtained with only a small ad-
mixture of thermal neutrons. Most of the latter are captured by a
boron layer, placed between the 2 bismuth shields.

The fast neutron spectrum of the BARN reactor does not differ
radically from a fission neutron spectrum and it may be presumed
that biological resulis obtained with these two spectra will be
directly Comp&rable(25’26>.

Conditions of pretreatment and irradiation

The irradiation experiments were performed with both dry seeds
and seeds prehydrated/germinated for various durations at 27:9.25°c
on a 3 mm layer of 0.75% agar + 0.1% KN03 in 9 cm polycarbonate petri-
dishes, under ca 11,000 lux of Philips TL3315+4Philinea, measured in-
side the dishes. Thq ¥NO, was added to the agar in order to improve

3
the uniformity of germination speed(3o’94).

The dishes containing prehydrated or germinated seceds were sealed,
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without lids, in thin polyethylene foil, The dry seeds were sealed
directly in thin polyethylene foil and then placed in open petridishes
with agar. In this way a comparable geometry was obtained for all spe=-
cimens., The dishes were placed on & polypropylene box standing on a
wooden structure in the centre of the irradiation chamber; the height
from the floor was 1.20 m in exps.l-3 and 2,20 m in exp.4.

The fast neutron irradiations took place under ca 9000 lux of
Philips TL33RS at 23°C, at a reactor power of 100 LV,

Physical dosimetry

The irradiation treatments were expressed inifially as minutes
exposure. These data were converted to rad doses in water on the
basis of the most recent spectral and dosimetry data(25 ). The fast
neutron dose rates were measured using two types of ionisation cham-
bers, and were also calculated from the spectral distribution deter-
mined with semiconductor sandwich detectors; these different methods
yielded pimilar results. The Y-contamination was determined using a
Mg-A ionisation chamber. £11 ionisation chambers were calibrated with
2 13705 source. The dose rates, expressed as rad/h in water (Dro0)s

were shown to be:

' Di,0 (rad/n)
Height from Byperiment

floox fast neutrons Y~radiation
1.20 m 100045 % 80 1, 2, 3
2,20 m 28004675 160 4

Changes in germinating tomato seeds relevant to fast neutron dosimetry

Introduction

In order to caleculate the fast neutron doses actually absorbed by
the irradiated specimens, the changes in water content, dry weight
and elementary composition (c, qH, 0, ¥ and Ash) of untreated tomato
seeds and their constituent parts were determined during germination
and early seedling growth., The pattern of water movement inside the
seeds wag also studied.

Materials and methods

Seeds of cv. 'MNoneymaker' reselection no. 83 (Nunhem Seeds Ltd.,
Haelen, Netherlands), equilibrated at 6.5% noisture and stored at
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—ZBOC, were selected for uniformity in size, normal appearance and
the absence of visible damage; their 100-seed weight was 363 mg.

These seeds were sown in 9 cm polycarbonate petridishes with
0.75% agar + 0.1% KNO3, ca 120 geeds per dish, and incubated as in
section 3.4 (p. 9 ). After 96 hours, the lids were raised to allow
the seedlings to grow undisturbed, and water was added to prevent
desiccation. The experiments were continued until 144 hours after
sowing.

At regular intervals, 4 independent samples, each of ¢5 seeds or
seedlings, wers taken. The seeds or secdlings were dried of adhering
water with filter paper. The specimens were then trangferred immedi-
ately to a small weighing bottle, weighed on an automatic analytical
balance, dried for 1 week under high vacuum (0.0l mg Eg) at room tem-
perature and weighed again. The water contents were expressed as per-
centages of dry weight.

Water uptake in the embryo was studied by taking 4 independent
samples of 20 sceds at each sampling time. Working in 2 room with
high relative humidity, one seed at 2 time was taken from its petri-
dish, blotted gzntly on damp filter paper and fixed in a clamp made
of two 2x12 mm pieces of thin perspex connected by means of adhesive
tape., The seed was then immediately cut in half along the 'horizontal!
plane with a sharp rzzor blade. Both seced halves were laid on the damp
filter paper, seedcoat down, and the embryo halves lifted out with a
fine preparation needle. All embryos belonging to one sample were
collected in a stoppered miniature weighing bottle (1 cma) and
weighed. The scedcoat+endosperm halves of each sample were also col-
lected, dried and weighed; their water contents were calculated from
the corresponding data on whole seeds and embryos. The time nezsded

to prepare one sample was 3-4 minutes.

The seedlings taken 72-144 hours after sowing wers cut into %
parts (roots, hypocotyledons and cotyledons) which were weighed sepa-
rately. All samples were dried for 1 week under high vazcuum zt room

temperature aznd weighed again.

The 4 replicates of the dried samples corresponding to germina-
tion times of 0, 24, 48, 72, 96 and 144 hours, were then combined to
mcke one sample per germination time. The embryos (0-48 hours) were
powdered in a watch glass with a spatula; the roots, hypocotylcdons
and cotyledons (72-144 hours) and the seedcoats (0-Tz ﬁours) ware
finely cut with a razor blade on a glsss plate. The semples were then
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kept under vacuum for at least 1 further day and analysed for their
composition of C, H, N and Ash (W.P. Comb&, Micro-analytical Dept.,
Lab. for Organic Chemistry, Agric.Univ., Wageningen). The determina-
tions on N were done once, those on C and H were duplicated and those
on Ash were done three times. The O contents could not be determined
due to the presence of interfering elements, but their maxima (Omax)
were calculated by subtracting the total percentage of the 4 compo-

nents analysed from 100%.

The water movement inside the seed was studied by scaking seeds
in wzter coloured with erythrosine or ecsine; this was preceded by
a 2 hour treatment in concentrated KOH to render the cuticle between
seedcoat and endosperm permeable to the dyes. At various time inter-
vals, seeds were blotted, cut in half and inspected under a binocular

microscope.

Hater uptake and germination

The water uptake in whole seeds (fig.l) was extremely rapid during
the 1st hour, It then procecded somewhat irregularly, at a much lower
rate, until the 7th hour, after which the rate of increase diminished
steadily until the lzth hour. Subsequent water uptake was extremely
slow until ca 6 hours after the first visible germination ({), after
vhich it proceeded exponentially.

Fig.l also shows the water uptske in the seedcoat+endosperm and
the embryo separately. ater uptake in the seedcoat+endosperm was
extremely rapid during the 1lst hour, probably due chiefly to imbibi-
tion of the seedcoat proper. Nevertheless, in the embryo, a slight
but significant increase in water content was noted as early as 1
hour after sowing, indicating that some water must have penetrated
through the cuticle between the seedcoat and the endosperm (for
tomato seed histology sec Esau(se)). During the following hours, both
the endosperm and the embryo imbibed gradually; this secemed to pro-
ceed linearly over the first few hours and then at a progressively
lower rate. In the seedcoat+endosperm, the water content was almost
stationery over the period 24-36 hours but this was followed by a
slight further increase, probably due to z further imbibition by the
endosperm, after the rupturing of the seedcoat.

Because the endosperm could not be separated from the seedcoat
without disturbing the water content, the water uptake could not be
determined for these components separately. However, the seedcoat,
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