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INTRODUCTION

The Research Institute ITAL is one of the institutes of the
Division for Agricultural Research of the Dutch Ministry of
Agriculture and Fisheries. For certain aspects of its pro-
gramme it is also a partner in the Association EURATOM-ITAL
with the Commission of the European Community.

The task of ITAL, very generally stated is: bringing new
fundamental developments in physics, chemistry and biology to
a level of applicability in agriculture. This task means that
the institute should be a link between basic and applied re-
search. Therefore a workable collaboration is needed with de-
partments of universities on the one hand and with institutes
involved in applied research for agriculture on the other
hand.

Within these terns of reference the programme concentrates
upon a reduced number of subjects, which clearly, relate to
present needs (focal points). These are generally considered
to be essential for future agricultural research and for which
the institute has the manpower and multidisciplinary know-how
available. As a consequence of the former task of the insti-
tute, the development of advanced methods and techniques re-
mains an important "element" in the main themes of the present
programme.

The subjects chosen are also of international interest. There-
fore the institute aims at participating in international pro-
grammes more precisely those of the various directorates of
the European Commission. The association contract covers the
various items of our participation in European research.

In the following chapters of this report, summaries are pre-
sented of research and other activities of the various groups
of the institute. Following a statement of the field of
activity or the general problem tackled, a review of the
results is given, as well as some information about prospects
for the future. These research summaries are based on the re-
ports for the individual projects within each group or pro-
gramme. On request these project-reports are available to
interested readers.
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This annual report deals with:
- molecular genetic methods for plant breeding.
- biotechnical production of valuable compounds by means of

(plant)cell cultures and microorganisms.
- soil biology including the rhizosphere.
- radioactive contamination of the environment and its public
health risks.

- the synergistic interaction between radiation and other
mutagenic agents.

The. last two programmes are realized at the institute mainly
on behalf of the Ministry of Housing, Physical Planning and
Environment and of the Commission of the European Communities
for purroses of policy support. Their realization at the in-
stitute is based on the requests by these organizations as
well as on the knowhow present as a result of the previous
programme.

- a new approach in malaria control.

This programme has been planned by a coordinated effort of the
ITAL-Insect Genetics Unit, which in the past was responsible
for the radiation genetic research on insects, departments of
the Universities of Amsterdam, Leiden, Nijmegen and labor-
atories in developing countries, i.e. Vietnam and Pakistan.

Other information concerns a few topics of the former pro-
gramme on nuclear methodology which are in the process of
completion at the institute and of transfer to other organ-
izations for practical application.

- genetic sexing in the Mediterranean fruitfly, Ceratitis
capitata.

This project has given in 1982 some very interesting results,
which are of considerable interest for practical application
by international institutes and organizations. These results,
however, need some further precision and improvement. There-
fore the period for completion of this project lias been ex-
tended to the end of 1983.
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- food irradiation.

The information in the report concerus mainly activities
within the contract of the Dutch Government with the IAEA at
Vienna and the FAO at Rome on food irradiation technology for
developing countries. The institute will participate in this
contract until the end of 1983.

A
* *

Most of the scientific programme is carried out in cooperation
or consultation with other scientific organizations and insti-
tutes in the Netherlands, in other countries of the European
Community or, in some cases, elsewhere in the world. These
contacts are mentioned in the research group reports. The in-
formation in the report on participation of our scientists in
symposia, workshops, congresses and on lectures given again
emphasizes the international approach of our programme. In
this same context it is worthwhile mentioning that in 1982
nine scientists from various countries all over the world,
participated as guests in parts of our programme.

Uith respect to the personnel situation it is interesting to
note that in 1982 16 new members have joined ITAL either on a
permanent or temporary basis. Eight members left our institute
including the transfer of mutation breeding (topic of the for-
mer programme) to a practical application.

*

The celebration of the institute's 25th anniversary consisted
of three parts. The festivity programme was not only intended
to commemorate the past twenty-five years, but also to de-
monstrate that ITAL has changed to a new scientific programme,
thus entering another period in its existence.

A workshop was held on 26 October in cooperation with the
Netherlands Society for Plant Cell and Tissue Culture, on the
theme of "Structure, function and expression of the Plant
Genome". This symposium was attended by more than 150 Dutch
and foreign specialists.
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A second workshop on "Soil-plant transfer factors for radio-
nuclides" was organized from 7 to 10 December 1982 under the
auspices of the International Union of Radioecologists.

The institute acted as a host for some 30 horticulture con-
sultants on 27 October. The opportunity was used to present to
these specialists some results produced by recent research,
which drew much attention from the visitors.

"Open days" were organized on 29 and 30 October, when the
public could visit ITAL and see 25 items of display set up
throughout the institute, where scientists presented their
work by means of posters, pictures, material and operating
experimental apparatus. Approximately 900 persons made use of
this opportunity.

Interested visitors during the open days.

And finally, there was an ITAL party on 5 November, in which
350 personnel members and ex members participated. Profession-
al live music, a tailor-made cabaret presented by ITAL actors
and an excellent running buffet, all contributed to an excel-
lent evening and a fitting end to the jubilee year.
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PERSONNEL ASSOCIATION EURATOM - ITAL

Management team: Dr.Ir. A. Ringoet (director)

Dr. M.J. Frissel
Prof.Dr. B. de Groot
N. van der Klugt (till 1 December)
P.H. van Nierop

Group Molecular Genetic Methods for Plant Breeding (Head
Prof.Dr. B. de Groot)

J. Blaas, G.S. Bokelmann, Dr. G.M.M. Bredemeijer, H. Burg,
W.G. Dirkse, P. Dijkhuis, E. Ennik, Dr. L.J.W. Gilissen, Dr.
Ch.H. Hanisch ten Cate, Dr. F. Heidekamp, Dr.Ir. A.M. de Laat,
Y. Nollen, Dr. K.J. Puite, Dr.Ir. S. Roest, Dr. K. Sree
Ramulu, M.J. van Staveren.

Guests: Dr. A. Tavazza (Italy)
T.M.G.M. Jacobs (The Netherlands).

Group Biotechnology (Head Prof.Dr. B. de Groot)

Dr.Ir. A.F. Groneman, M.J.H. Jansen, Drs. D.H. Ketel, P.
Pikaar, Dr.Ir. L. Visser.

Group Soil Biology (Head Dr. M.J. Frissel)

Dr. J.H. Becking, Dr.Ir. H. Breteler, Dr. S.C. van de Geijn,
A. den Hartog, J.M.M. van Maaren, Ir. R. Merckx, E.H. Nijhuis,
T.W. Strubbe, Dr. J.A. van Veen.

Guests: Dr. M. Alonso (Argentina)
P.A. Arnozis (Argentina)
Dr. A.J. Barneix (Argentina)
J. Sap (Belgium)
A. Allan (The Netherlands)
M. Siegerist (The Netherlands)
H. Nieuwenhuis (The Netherlands)
G.J. Both (The Netherlands).
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Group Radioecology (Head Dr. M.J. Frissel)

Dr. G.M. Desmet, J.H. van Ginkel, H. Kleinhout, Dr.Ir. H.W.
Koster, R.M.J. Pennders, Dr. A.W. de Ruyter, M.J. Schouten,
R.M. Sibbel, Dr.Ir. J. Sinnaeve, Ir. J.F. Stoutjesdijk, J.H.
de Winkel (fron 1 July).

Insect Genetics

M.J.E. van Blokland, W.T. Boon, W.J. van den Brink, Dr. A.M.
Feldmann, P.M.C. van Groenestijn-Mali, Dr.Ir. C. van Heemert,
A.F.M. Heemskerk, Dr. A.S. Robinson, G.C. Schelling,
M.J.E.I.M. Willemsen-de Klein.

Guests: M.E. Riva (Spain)
Dr. C. Malcolm (Scotland)
E.G.H. Boersma (The Netherlands)
W. van Dommelen (The Netherlands)
L. Wassink (The Netherlands)
G. Ceval (The Netherlans).

Food Irradiation

M.D.A. van Duren, Ing. H.G. Heins (till 6 December), Ing.
D.Is. Langerak, Ir. H. Stegeman, Ing. J.L. Williams.

Pilot Plant for Food Irradiation: Ing. H. Dirkse, Drs. W.F.
Oosterheert.

Project director IFFIT: Dr. J.B. Farkas (Hungary).

IFFIT fellows: I.I. Hammad (Egypt)
Z.I. Purwanto (Indonesia)
M.M. Sharif (Libya)
I. Oztasivar (Turkey)
O.A. Alii (Nigeria)
D.P. Kuruppu (Sri Lanka)
K. Schmidt (Hungary)
H. Soedarman (Indonesia)
Y. Prachasitthisakdi (Thailand)
R. Dimitrova (Bulgaria)
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Synergism Between Radiation and Pollutants

Dr. K.H. Chadwick, Dr. H.P. Leenhouts, M.J. Leenhouts-Sijsma.

Guest: Dr. A. Cebulska-Wasilewska (Poland) till 22 September.

Group Instrumentation/Methodology (Head U. van der Klugt)

J.C. Baars (till 1 February), P. Bakker, D.W. Bannink, C.
Bongaards, C.M. Brouwer, W.R.R. ten Broeke, D.L.J.M.
Crebolder, K.H. van Dellen, C.H. Deijs, W.R. den Dunnen, J.F.
Eikelenstam, H.G. Elbers, J.M. van Eldik, B. Heye, Ing. J.C.
Huisman, H. Jager, G.L. Jupijn, C.H.J. Keyman, F. de Koning,
A. Kooyman, W.A. van Lienden, W.F. Pieters, H.W. Roelofsen,
J.W. Ruisch, J. van Schothorst, J. Schouten, Ing. J.G. de
Swart, A.P. de Vries, J.H. de Winkel (till I July), E.T.A.
Zwemmer.

Group General Services (Head P.H. van Nierop)

G.W.Th. Albers, H. Beijer, P.H. Dignum, S. van Dijk, E.J.H. '
Driever, M. Drost, G. van Harsselaar-Heyink, M.J. 't Hart-
Versteeg, Ing. H.G. Heins (from 6 December), J.F. Heufkens, G.
van den Heuvel, D.J. van Kleef, C. van de Peppel, J.J. Ronk,
P. van Roon, T.G. Rozijn, P. Schiphuis, H.J. Sonies, J.J.
Tempel, W.Th. Vermaten, B. Wenting, A.W.H.C.F.M. Wolfs.
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MOLECULAR GENETIC METHODS FOR PLANT BREEDING

Advances in the field of molecular and somatic cell genetics,
as well as plant cell and tissue culture, have provided
methods for the transformation of plant cells with some
limited genetic attribute. Research for plant breeding is
aimed at the transfer of desirable genes to protoplasts,
followed by stable and reproducible plant regeneration. The
aims are the recombination of genes which are difficult to
achieve in sexual crosses and to avoid recurrent backcrossing
which is required to remove undesirable genes.

Selection and isolation of transformed cells requires the
identification of transferred genes on the basis of the ex-
pression at the cellular or callus stage. For the most desir-
able genes, e.g. pathogen resistance, no obvious selection
criteria are available at the cellular level, at present.
Therefore, it is important to have a well defined mutant cell
line as a model.

Stable and reproducible plant regeneration from protoplasts
has still to be improved or even developed for various crops.
It requires a considerable research effort since general
guidelines for the procedures are emerging only slowly from
the increasing experience.

Genetic transformation of plant protoplasts is pursued along
two lines of research:
(1) Selection of chromosomes is performed with flow cytometry
and particle sorting. Haplopappus gracilis (2n=4) is used as a
model plant; the two large chromosome sets produce well dis-
tinguishable fluorescence signals and are expected to be rea-
dily separable in the cell sorter attachment. During this
year, much attention was paid to the characterization of the
cellular DNA content in relation to the cell division cycle,
and to the isolation of the chromosomes. For the identificat-
ion of transformed cells with genetic markers, mutant Haplo-
pappus cell lines were isolated. The investigations began four
years ago with the establishment of cell suspension cultures
and the induction of mutations by Werry and co-workers. In the
last year, more variant cell lines were isolated, and physio-
logically characterized. The lines will be further character-
ized genetically and be used as a source of donor and reci-
pient cells in transformation experiments with selected and
isolated chromosomes.
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(2) Transformation of protoplasts with DNA fragments encoding
for a desirable gene requires DNA vectors suitable for the
cloning transfer, and integration into the plant genome of the
DNA fragment.
The T-DNA region of the Ti plasmid of Agrobacterium tume-
faciens is known to integrate into the plant nuclear DNA and
should be present in the vector introduced into the plant
cell. To find a locus for the jin. vitro insertion of a desir-
able gene into the T-DNA, the base sequene of a restriction
fragment of the T-DNA was determined.

As an economically important crop, potato cv. Bintje has been
chosen because of its extreme susceptibility to diseases and
its restriction for classical plant breeding. After having
elaborated plant regeneration from Bintje protoplasts in 1981,
the procedure was improved and made routine during this year.

Unfortunately, the somatic cell genetics of the potato will
have to be completely developed. For this purpose, monohaploid
plants were cultivated ±r\_ vitro, and protoplast culture and
cell lines were initiated. Mutant potato cell lines will be
selected and isolated in continuation of the results obtained
from the work on Haplopappus.

During the year, the research group was reinforced by the
appointment of a biologist, a chemist, 2 research assistants
and a technician. This was significant for the research pro-
gress; after the two years of joint effort of the group, two
manuscripts have been accepted for publication (on protoplast
regeneration and on somaclonal variation), one on flow cyto-
metry of protoplasts was submitted, and two are in prepar-
ation.

Contacts_and_cooperation

The group participated in the organization of meetings of all
Dutch scientists involved in Genetic Manipulation of Plants
(GENMAP) within the National Board of Agricultural Research
(NRLO).

The analysis of the base sequence of part of the T-DNA of the
Ti plasmid, for the construction of a DNA vector for plant
cells, was a joint effort with the Department of Experimental
Botany of the University of Leyden (J. Hille) and carried out
at the Dept. of Physiological Chemistry of the University of
Leyden (H. van Ormondt).

. a —.
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Somatic cell genetics of potato will be developed as a joint
project between the Department of Genetics, University of
Groningen (W. Feenstra), the Institute for Plant Breeding,
Agricultural University at Wageningen (J.G.Th. Hermsen), and
ITAL. The joint project will be supported by a grant from the
Council of Technical Sciences (STW).

A cooperative programme was arranged with the Foundation for
Plant Breeding (SVP) at Wageningen (P. Miedema) employing flow
cytometry and cell sorting for the selection and isolation of
somatic hybrids of the dihaploid potato lines Solanum tube-
rosum and Solanum phureja.

Plant regeneration from protoplasts and single cells (project
124)

The procedure of plant regeneration from protoplasts of shoot
cultures in Solanum tuberosum cv. Bintje has been further im-
proved. Genetic stability of plants regenerated from proto-
plasts of Bintje was analysed.

Callus cultures and cell suspensions in batch culture of
different potato lines have been started. The growth charac-
teristics and biochemical changes during culture are now under
investigation.

fj:om_po tâ to_|>r o tojjlas ts

The procedure of isolation, culture and regeneration of shoot
culture-derived protoplasts of the Dutch commercial tetraploid
cultivar Bintje has been further improved and a reproducible
regeneration has been achieved. Following this procedure
hundreds of plantlets have been produced, transferred to soil
3-4 months after protoplast isolation and grown to maturity.

Experiments will be continued to achieve regeneration from
cell suspension-derived protoplasts of cv. Bintje and from
shoot culture derived protoplasts of monoploid and dihaploid
potato lines.

Cy_togenetic_asj3ecJ:s of_the_plant regeneration processes

Phenotypic variation and ploidy level of plants regenerated
from protoplasts of potato cv. Bintje were studied. In all,
620 plants have been analysed. Among these plants, 394 (64%)
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were normal-looking, i.e. they resembled Bintje, and 226 (36%)
differred in morphological characters. Some of the variant
plants (16%) showed alteration in a few (1, 2 or 3) characters
and others (20%) in several (>3) characters. The results
suggest that the altered morphologies are caused predominantly
by changes in ploidy levels. Certain alterations could be
attributed typically to octoploidy and others to aneuploidy.
Mixoploidy (chromosome mosaicism) has been observed mainly in
gross aberrant plants. The occurrence of mixoploidy indicates
that at least part of the observed variation arose during
culture stage. The exogenous cytokinin or auxin level and
their combination during the jLii vitro phase influenced the
frequency of variants observed.

Procedures for nuclear staining of potato protoplasts, cell
aggregates, cell suspensions and calli have been developed for
measurements of DNA content by Feulgen cytophotometry» With
these methods, it is possible to determine ploidy levels and
to analyse genetic stability of in vitro cultures.

Cell suspensions of potato cv. Bintje are maintained actively
growing by subculturing at one week intervals on MS medium.
The growth of Bintje cells was analysed by measuring the re-
lative growth rate of cell mass (RCR) and by correlating aii-
totic index (MI) with the osmotic value and phosphate and ni-
trogen contents of the medium. The following conclusions were
drawn: cell enlargement is the major factor in the determin-
ation of the RGR of cell mass. The decrease in mitotic activi-
ty of batch cultures is primarily caused by phosphate deplet-
ion of the medium.

In order to study the effect of proteins, particularly enzymes
secreted by plant cells grown ir± vitro, on growth and dif-
ferentiation it was necessary to adapt several known extract-
ion and separation techniques. A correct characterization of
the secreted proteins was possible by means of isoelectric fo-
cussing. Cellular proteins had to be extracted from acetone
powders.

Electr^focussing of proteins secreted into the culture media
by cells of Sj^ tuberosum cv. Bintje did not reveal any protein
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bands immediately after subculture. However, when the fresh
weight of the cells increased, several protein bands became
visible.

The peroxidase isoenzyme polymorphism of the medium was low
immediately after subculture; only two peroxidase bands were
visible. As soon as fresh weight started to increase the
number and activity of peroxidase isoenzymes in the medium
increased.

Chromosome transplantation into plant protoplasts (Project
125)

In order to achieve transplantation of selected chromosomes
followed by regeneration of the transformed protoplasts to
calli and plants, research was carried out on three main
aspects using Haplopappus gracilis (2n=4) as a model plant.

1. Information on the distribution of cells within the cell
cycle. To measure nuclear DNA content of cells, techniques
were developed for staining of nuclear DNA for flow cyto-
metric analysis.

2. Synchronization of cells leading to a high proportion of
mitotic cells. A start was made to isolate metaphase
chromosomes•

3. A search for cell lines carrying genetic markers. Chromo-
somes with marker genes will be used for the selection and
characterization of transformed cells.

Apart from these main subjects, attention has been paid to the
culture of protoplasts to study their regeneration capacity.

Quantitative_staining_of_cellular_DNA_for_flow_c^tometric
analysis

Protoplasts from cell suspension cultures of Haplopappus gra-
cilis and Solanum tuberosum cv. Bintje were stained with the
DNA specific dye Hoechst 33342 for flow cytometric analysis.
Prior to staining, the cells were fixed in 75% ethanol/acetic
acid containing 0.2 M sorbitol, while Haplopappus protoplasts
were additionally treated with pepsin. The DNA distribution
histograms in Fig. 1, obtained by flow cytometry, show in-
hibition of DNA synthesis of the cells by hydroxyurea and
duplication of DNA content per cell by colchicine.



Non-fixed protoplasts took up the dye after a temperature
treatment for 20 min at 38 C and/or pH increase from 9 to 10.
Only 5 to 10% of the protoplasts appeared to be damaged. How-
ever, no quantitative DNA staining was obtained for non-fixed
protoplasts. Uptake of the dye seemed co be hampered by the
plasma membrane.

°j- cells_and isolation_of _metaphase_ chromo-
somes

For the synchronization studies exponentially growing cells
were required which were harvested from batch cultures two
days after subculture or from a bioreactor (Biolafitte) in
which cells could be kept in log-phase for a few months.
Several approaches were adapted to synchronize the cells. The
best results were obtained by inhibition of DNA synthesis
using 4 mM thymidine or 5 mM hydroxyurea and a subsequent
metaphase arrest with 0.05% colchicine. Synchronization was
studied microscopically or by flow cytometry.

Metaphase chromosomes could be isolated from mitotic cells
after cell wall digestion. However, rapid decondensation of
the chromosomes was observed. This could be circumvented by
working under restricted conditions, such as low temperature
and buffered enzyme solutions. Therefore cells, before having
completely reached their protoplast stage during cell wall
digestion, ware disrupted mechanically in buffers preventing
the chromosomes from degradation and aggregation. Fig. 2 shows
a flow cytometric analysis of an unpurified chromosome sus-
pensions. Present research is focussed on purification and
sorting of isolated chromosomes.

Selection_and_isolation_of_mutant_cell_lines

Studies were directed to cell lines specifically growing on
alternative carbon sources, and to nitrite reductase deficient
and zinc tolerant lines.

It was shown that all asparagine and alanine resistant lines
(A-lines), obtained previously, were able to grow on galactose
as the sole carbon source, in contrast to the wild type. Most
of these cell lines - but not the wild type - were also able
to grow on lactose, while only one line could grow on mannose
(A15-line). Neither the A-lines nor the wild type could grow
on maltose as the sole carbon source. Selection from the Ao-
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line and the wild type cell line on mannose and maltose has
recently resulted in cell lines growing well on these two
sugars.

One of the A-lines (A54-line) ceased to resume its growth on
the original medium after being subcultured on a nitrate
containing medium (B5-medium) for a certain time. During this
period the nitrite level in the medium increased drastically
(see Fig. 3), presumably due to nitrite reductase deficiency
of the cells.

The zinc tolerant line (C7-line), which appeared to be stable
for at least one year of subculture in the absence of zinc
tolerance, was found to be tetraploid. Tetraploidization of
the wild type cell line did not alter its zinc sensitivity.
Therefore, tetraploidy does not necessarily lead to zinc
tolerance and the character of zinc tolerance - obviously
favoured by tetraploidy - is not exclusively dependent on the
tetraploid condition.

Figure 1.

DNA distribution histograms of
fixed Haplopappus gracilis
protoplasts stained with
Hoechst 33342
A. from exponentially growing

cells. The first peak re-

E

relative DNA content

presents the phase
cells and the second peak
the G„/M cells,

B. from cells treated with 5
mM hydroxyurea for 20 h
prior to fixation. Cells
were accumulated in the S
phase,

C. from cells treated with
0.05% colchicine for 26 h
prior to fixation to induce
tetraploidy. The position
of the tetraploid G. peak
corresponds to the G /M
peak position in the upper
diagrams.
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fluorescence intensity

Figure 2. Frequency distribution of fluorescence of Haplopap-
pus chromosomes from an unpurified chromosome sus-
pension stained with Hoechst 33342. Peak A repre-
sents the diploid nuclei, peaks B, C and D represent
chromosomes.

0 50 75 100
time (h)

125 150

Figure 3. Proliferating capacity and nitrite secretion of the
Haplopappus cell line A54 in its original medium.
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Monofactorial transformation with DNA fragments (project 126)

Structural_analysis of_Ti-plasmid DNA

Crown-gall is a neoplastic disease of dicotyledonous plants.
The tumours originate from the transfer of a particular region
of DNA fium a plasmid harboured by the causative bacterium
Agrobacterium tumefaciens to the plant cell. Upon transfer,
this region which has been designated T-DNA becomes covalently
integrated into plant nuclear DNA, replicates with the host
DNA and is transcribed into polyribosomal messenger RNA by the
host RNA polymerase II. Therefore the T-DNA region can serve
as a tool for introducing foreign DNA into plants.
Previous studies have shown that the T-DNA in octopine crown-
gall tumours encodes at least seven transcripts. The functions
of these transcripts have been studied by site-directed muta- I
genesis of the corresponding T-DNA region. These studies '
indicate that only the genes encoding transcripts 1, (2) and 4
are sufficient to allow tumorous growth. In order to obtain an
insight into the oncogenic chracteristics of the T-DNA region
nucleotide sequence analysis of octopine T-DNA encoding
transcript 4 was performed.

Approximately 907. of the T-DNA sequence encoding transcript 4
had now been elucidated. The results indicate that:
- the nucleotide sequence encoding transcript 4 encompasses

approximately 1000 nucleotides.
- 40 nucleotides upstream from the ATG initiation codon for

protein-synthesis the sequence TATAAAAA was found. This
sequence is in perfect correspondence with the consensus
sequence of eukaryotic promoters published thusfar. The
initiation site for RNA synthesis remains to be elucidated.

- approximately 200 nucleotides downstream from the stopcodon
for protein synthesis the poly (A) addition site AATAAA is
found.

- this poly (A) addition site is preceded by a 14 nucleotide
long stable "hairpin", which may function as a transcript-
ion- termination-signal .

Host-range assays were made of the capacity of Agrobacterium
to stimulate the potato plant to phytohormone autotrophic
growth upon infection. In several series of experiments at 18,
23 and 30 C, cv. Bintje did not respond to A^ tumefaciens

\



Ach5, Ti-plasmid mutants of the strain, and to A^ rhizogenes
LBA9402. The nopaline inducing A_̂_ tumefaciens strains C5£ and
T37 produced distinct tumours. The dihaploid HH260 produced
tumours upon infection with all of the bacterial strains.

All of the tumours observed on the potato were smaller than
those observed on Kalanchoë, Nicotiana, and Tagetes under the
same conditions.

Publications

BOKELMANN, G.S. and S. ROEST. Regeneration of plants from
protoplasts of potato. Acta Bot. Neerl. _3_I (1982): 249-25Ü.
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PUITE, K.J. First steps to genome transformation of plants
using uptake of isolated chromosomes. Ned. Ver. voor Plante-
cel- en Weefselkweek, Wageningen, Oct. 1982.

ROEST, S. en G.S. BOKELMANN. The isolation, culture and re-
generation of protoplasts of potato (Solanum tuberosurn cv.
Bintje) Foreign Press Association» Dec. 1982.

SREE RAMULU, K. Cytogenetic variability in plants regenerated
from protoplasts of potato. Annual heeting Gefybo (BION),
Dalfsen, April 1982.

SREE RAMULU, K. Genetic instability in _in vitro cultures and
in regenerated plants. CNR, Pisa, Dec. 1982.

Committees

- Contact Committee for Genetic Manipulation in Plants, a sub-
committee of the Coordination Committee for Plant Breeding
(De Groot, Roest).

- Secretary of the Netherlands Society for Plant and Tissue
Culture (Roest).

- Board of Biological Research Council (BION) (De Groot).



- 20 -

Biology Council of the Royal Academy of Scienes (De Groot)

Editorial Board of "Genetica" (De ,root).



..!•>

- 21 -

PLANT CELL BIOTECHNOLOGY

The literature is replete with observations that in general
growth and the production of secondary metabolites are
negatively correlated in plants. Several compounds synthesized
in the secondary metabolic pathways are economically valuable.
It is of interest to find plant cell suspension lines which
combine stable growth and efficient production of desirable
compounds in bioreactors either simultaneously or during
alternating phases. This is the basic problem of the plant
cell biotechnology project, started in 1981.

Bacillus thuringiensis produces an endotoxin which shows spe-
cific lethality for certain insect larvae. The variety israe-
lensis is toxic for certain Dipteran larvae, e.g. those of the
malaria mosquito. Recent findings showed the endotoxin gene in
B. thuringiensis to be located on large plasmids. This opens
new ways of quantitatively and qualitatively manipulating en-
dotoxin production in bacteria. A new project on this topic
started in September 1982.

Contacts and Cooperation

The investigations are part of a joint effort with the Section
Process Technology of the Agricultural University. The joint
project is supported by a grant awarded in the Innovation
Programme Biotechnology.

Biotechnological production of valuable compounds by means of
plant cell cultures (Project 127).

As a model system, production of pyrethrins by Chrysanthemum
cinerariaefolium (Pyrethrum) and isopyrethrins by Tagetes sp.
was chosen. Pyrethrins were not detected in calli in vitro,
but were present in regenerated shoots. Isopyrethrins have
been found in cell suspensions of Tagetes.

Methods for the determination of the pyrethrin components,
pyrethrin I and II, Cinerin I and II, and jasmolin I and II
with gas chromatography (GC) were further developed. The de-
tection level achieved was 0.02 pg for the components I and of
the order of ng for the components II. Besides GC, high per-
formance liquid chromatography (HPLC) was introduced. Separat-
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ion of compounds coinciding with the peaks of standard solut-
ions, was satisfctory, and the level of detection is approxi-
mately 2 g.

Attempts to prepare standard solutions for the identification
of iso-pyrethrins revealed that treatment in a closed 0 -free
system at 200 C took approximately 9 h to partially convert
pyrethrin I and II into compounds appearing in the chromato-
gram at places where iso-pyrethrin I and II are expected.

The detection and determination of the desirable compounds in
plant extracts are disturbed by impurities. Therefore, se-
paration characteristics were determined rwith various column
packings: Al-O.,, activated or nonactivated Floricil, Sep Pack
C.18, and Sep Pack Silica, with different eluents such as
hexane, etc.

Anal£sis_of_j>lants

Pyrethrum plants germinated from seeds obtained from the
Jardin Botanique of Lyon (France) showed large variation in
morphology. The pyrethrin I content of the leaves varied wide-
ly. In two high yielding plants, 370 and 477 mg per kg dry
weight were found. The content in the leaves increased until
flowering. According to expectation, the content was the
highest in the flower-heads (i%). In the flower-heads, the
relative contribution of the pyrethrin II component had in-
creased considerably. Analyses with GCMS also showed the
presence of C. _H compounds, most likely being sesquiter-
penoids.

Crosses were made between high yielding plants. However, the
frequency of seed germination was low.

Tagetes erecta, T. minuta, and T\_ patula were grown from seeds
obtained from various sources. In extracts from T. erecta HPLC
peaks were present coinciding with those of the six pyrethrin
compounds. Peaks were also found where iso-pyrethrin I and II
were expected to elute. The identity of the peaks is under
investigation. The presumed pyrethrin I peaks were higher in
the roots, stems and leaves up to 60 days after germination.
The same is true for the presumed pyrethrin II peak in the
stem and leaves, but not in the roots. The presumed iso-pyre-
thrin peaks disappear shortly after germination. The reason
why the presumed pyrethrin compounds in extracts from Tagetes
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are not detected by GC and electron capturing is not known and
is being investigated.

Callus and cell sus2ension_cultures

The induction of callus growth in leaf explants from Chrysan-
themum cinerariaefolium is poor. After extensive trial, a
procedure based on explantation of parts of young leaves and
maintenance at a low level of continuous light was successful
and will be further used to test its reproducibility.

T. erecta, T. patula and T^ minuta readily produce callus in
leaf explants» The nitrate containing medium (B5) turned out
to be superior over the other media. However, the effect of
the growth hormone 2,4 D needs a closer investigation.

Cell suspension cultures obtained from calli show a tendency
to aggregate rapidly. It appeared essential to start from a
unicellular suspension.

Cell_sus2ension_cultures_in_bioreactors

To investigate the relation between growth, production of bio-
mass and nutrients under bioreactor conditions, initial ex-
periments were started with Haplopappus gracilis cell sus-
pensions as a reliable source (project 125). In a first com-
parison a reconstructed 4-liters air-lift LKB fermentor, and a
2-liters Biolafitte fermentor with a stirring device were
used. Cell suspension cultures in 250-ml Erlenmeyer flasks
were run as a control. A typical result is given in Figs 1-3.
Growth measured as packed cell volume (PCV) increased in the
first two days predominantly by cell division as can be in-
ferred for the mitotic index (Fig. 1). After that, cell elong-
ation followed by which the suspension filled out the reactor
to 60-95% PCV (Fig. 2). Production (weight of dry biomass per
liter amounted to 10.5 g/1 in 4-5 days (Fig. 3). Thereafter,
cells excrete colloidal compounds and finally turn brown.

The following parameters were determined at regular intervals:
dissolved 0_, pH, electric conductivity, and osmolality of the
medium, PO,, NH,, N03» N0

?> K, Na, and total C in the medium.
Most conspicuously, PO, was depleted in one day and might be
the limiting factor of dry mass production.
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Figure 1. Time course of the mitotic index of Haplopappus gra-
ci l is cells in different growing conditions.
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Figure 2. Time course of the growth of Haplopappus gracilis
cells with sucrose as carbon source in different
growing conditions.
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Figure 3. Dry weight yield of Haplopappus gracilis cells with
sucrose as carbon source in different growing con-
ditions.

Modification of the endotoxin production in Bacillus thurin-
giensis (Project 137)

Research on this project was started on September 1st of this
year. Bacillus thuringiensis, var. israelensis was propagated
as pure culture and identified according to the plasmid DNA
banding upon electrophoresis. The plasmid DNA was purified and
simple partial restriction maps were made of the three small
plasmids.

The culture conditions of _B_̂  thuringiensis were adapted to
obtain optimal crystal yield. Crystal purification and the
elaboration of a bioassay with larvae of Anopheles stephensi
were started.

For the cloning of B^ thuringiensis DNA in bacteriophage
lambda derivatives, phage strains were propagated and phage
DNA was isolated and purified. Preparations were made to do
the same in the E. coli plasmid pBR 322.

During a _visit_ to the .Department of Microbiology (Amherst,
USA), spo cry and spo cry mutants were isolated and the
possibilities of phage conversion were investigated as a
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method of research into the regulation of crystal gene ex-
pression. By means of transduction with phage CP-51, a tetra-
cycline resistant strain was isolated for selection and iden-
tification purposes, e.g. in transformation experiments.

A simple and rapid gel electrophoresis method for the de-
termination of Escherichia coli plasmids was adapted to the
properties of B^_ thuringiensis.

Committees

De Groot represents the plant biotechnology sector of DLO
(Directorate of Agricultural Research) in the Coordinating
Committee Biotechnology of NRLO (National Board of Agri-
cultural Research).
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SOIL BIOLOGY

Soil Biology comprises a wide area of which the investigations
at ITAL consider only a limited part. Main emphasis is on the
maintenance of the natural production capacity of the soil. In
particular soil microbiological processes are responsible for
important phenomena such as the decomposition of plant
material and the build-up of humus. Without soil microorga-
nisms even manure has no value! Soil microbiological processes
receive therefore close attention and part of the investigat-
ion is specifically on the formation and composition of soil
organic matter and its role within the carbon and nitrogen
cycle. Also specific microbiological processes are dealt with
e.g. the symbiotic fixation of atmospheric nitrogen.

Just as other organisms, microorganisms require energy for
their growth. This energy is mainly derived from root
material. For that reason many of the mentioned processes
occur mainly in the soil-root interface. This region is called
the rhizosphere. To characterize the ITAL soil biology pro-
gramme, it is often called Soil Biology-Rhizosphere program.
The root not only acts as carbon source, but also delivers via
exudation many products which react very specifically with
soil microorganisms or soil compounds. The organic agents
which complex part of the transition metals and rare earth
elements belong to the latter group. Proton and hydroxyl
exudation influences both the growth of microorganisms and
complexation. To the most interesting exudates belong those
which serve as a recognition signal for specific soil or-
ganisms, which are thus enabled to locate their host plants.
It is important to investigate these relations. They offer
possibilities to interact with the soil population and thus to
counteract soil pathogens. Therefore, research will in the
near future not only concentrate on the microbiological popu-
lation but also on the nesofauna, e.g. nematodes.

Aims for the further future are to determine the precise pre-
requisites for the application of genetic manipulation, e.g.
by plasmid transfer. An example of a genetic approach to con-
trol pathogens may be the incorporation of genes that control
the production of toxins into the genetic material of root-
associated microorganisms or of plant cells. When such plants
are used as auxilliary crops they may lead to the toxification
and killing of the pathogens, without leaving behind an eco-



logical niche. This technique prevents the development of
resistance.

Part of the programme forms a part of the Agricultural Re-
search Programme of the European Community. Close contact
exists with the Institute for Soil Fertility (Haren), the
Research Station for Arable Farming and Field Production of
Vegetables (Lelystad), the Institute for Land and Water
Management Research (Wageningen) and Departments of the Agri-
cultural University (Wageningen).

Microbiology of the nitrogen cycle in the rhizosphere (Project
128)

Part of this work was carried out at the CSIRO Division of
Soils in Adelaide, Australia, during a 6-months stay of one
member of the group. The reasons for the differences of the
rates of turnover of C and N in soils through the microbial
biomass were studied. This rate depends on the type of the
soil. Clay soils showed a much lower rate than sandy soils.
These differences are thought to result from differenes in the
preservation capacities of soils. Preservation of microorga-
nisms could result from protection against predation and/or
from amelioration of harsh environmental conditions. Biomass
formed in excess of a soil's preservation capacity is assumed
to die at a relatively high rate. Furthermore, biomass and its
immediate organic decay products are considered to form mainly
a closed system from which only small proportions of the pro-
ducts are exported as stabilized materials.

To study the effect of predation on C and N turnover, several
species of bacterial feeding nematodes were isolated from
soil. Moreover, a microcosm system was developed in which
under controlled biological conditions the release of N-15
from microbial cells and its subsequent uptake by plants can
be studied.

Production of_root-derived_carbon_material

The use of the primary production (root exudates, decaying
root material) as energy source and material source by soil
microorganisms was investigated by growing plants in a
[C-14]0 atmosphere and measuring C-14 and total C content in



- 29 -

shoots, roots and soil as well as subterranean [C-14]O pro-
duction. Plants were therefore grown in an airtight soil con-
tainer with a flexible sealant around the plant's stem. In
addition, the chloroform fumigation technique was applied to
estimate C-14 in the microbial biomass.

Results from a five weeks growth experiment with spring wheat
are shown in Tables 1 and 2. The amounts of C-14 lost by
underground respiration range between 7-16% of the total
amount fixed. From this table the relative proportion of
microbial or root respiration could not be assessed.

The residual C-14 amount present in soil at harvest time is
2-3% of the total amount fixed. Little C-14 was detected in
the biomass using the chloroform fumigation technique (Table
2). This does not mean that microorganisms are not involved in
the turnover of rootderived carbon, but that the biomass turn-
over rate largely exceeds the production rate of this
material.

Table 1. Percentage distribution of 1I+C among shoot, root,
soil and soil respiration after 5 weeks growth
for 4 plants. (Spring wheat cv. Sicco on a sandy
loam (Horst NL, 1500 g/container).

>

Plant
no.

1

2

3

4

Total
lkC MBq
(= 100%)

12,37

11,47

11,55

12,08

Shoot

45

55

51

55

Root

42

35

30

29

Soil
residue

2

3

3

2

Soil
respiration

11

7

16

13

Table 2. Microbial biomass determined by the
Jenkinson fumigation technique per column

Non-fumigated

C
g

0,16

0,16

-

0,18

C-14
MBq

0,04

0,05

0,05

0,05

Fumigated

C
g

0,±J

0,26

0,29

0,27

C-14
MBq

0,04

0,05

0,05

0,05
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Characteristics of root-originating material

From the experiments described in the previous section, some
of the soil-root columns were extracted by saturating with
water and siphon draining. A significant amount of [C-14]-
material could be leached from the columns in this non-
destructive way. Gel filtration proved to be efficient in
desalting the extract and in separating the organic components
in several classes with different molecular weights. A typical
result of this separation is given in Figure 1. It demon-
strates that an important amount of the activity is excluded
from the gel, indicating a molecular weight > 30000. After
collection of these fractions, the components were identified
as carbohydrates by two independent analyses. Preliminary re-
sults of thin layer chromatography of the hydrolysate showed
the presence of at least three individual monosaccharides,
with a high specific activity, which indicates that they are
only produced in the rhizosphere by roots and not in bulk
soil. It is remarkable that those easily decomposable
materials are still present in soil after 5-6 weeks of growth.

uC 0D1254 run)
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0
20 25 30 35 40 45 50 55 60 65 70 75 80

ml etuent

Figure 1. Separation of a soil-root column extract into frac-
tions with different molecular weights by gel filtr-
ation on Sephadex G-50. The horizontal axis shows
the volume of eluent. The optical density at 254 nm
( ) ; the total organic carbon content (x x)
and C-14 content (//) in the extract fractions after
6 weeks of plant growth in a [C-14]0 labelled
atmosphere. Spring wheat cv. Sicco grown on sandy
loam.
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Effect_of_moisture tension and_tem.£erature on the_actiyity and
cellular composition of_microorganisms

Moisture and temperature are among the main factors, that
control growth and activity of soil microorganisms. In this
study the combined effect of temperature and moisture was in-
vestigated in a model system in which isolated microorganisms
were grown on a semipermeable membrane. This membrane was in
direct contact with a growth medium (nutrient broth) supple-
mented with three concentrations of PEG 20,000 (Poly Ethylene
Glycol) to obtain osmotic tensions of 0,5 MPa (0% PEG), 2,3
MPa (20% PEG) and 5,2 MPa (30% PEG) at 12,5, 21 and 30 °C.

Preliminary data are obtained on CO -production, dry weight
and C, N, P, K, Na, Mg and Ca content of three bacteria, two
fungi and two yeasts. Some of the most interesting observat-
ions are: 1. the average ratio of the CO production of all
organisms at 0,5, 2,3 and 5,2 MPa is approximately 1,0 : 0,5 :
0,3 (Table 3) at all temperatures, thus, moisture and temper-
ature seem to affect independently the activity of the orga-
nisms; 2. dry weight of the organisms is highly affected by
the osmotic tension (Table 4). Although it is less obvious,
also increasing temperatures appear to increase the dry matter
content of the organisms. Since the concentrations of all
elements in the dry matter are hardly influenced by increasing
moisture rensions, a large accumulation of those elements must
have occurred provided the volumes of the cells have not
changed either.

Table 3. Rate of CO2 production, expressed relative
to the rate at 0,5 MPa for each temperature,
of microorganisms grown at three temperatures
under different osmotic tensions. Averages
of 7 different organisms, data given as means
+ sd.

Tension

0 ,

2 ,

5 ,

5

3

2

(MPa)

0

0

1 2 ,

1

,5 _

,3 ;

5

,0
f

f

°c

0 , 1

0,1
o,
o,

21

1

4

3

°C

, 0

+ 0,

+ 0,

2

1

0 ,

o,

30 °C

1,0

5 + 0 ,

4 + 0 ,

2

3
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Table 4. Dry matter content (%) of organisms grown under
different osmotic tensions at three temperatures,
Average values for bacteria (Bac) are based on
individual values for three species; in case of
fungi (F) and yeasts (Y) on data of two species
each, and given + s.d.

Osmotic
tension
MPa

0,5

2,3

5,2

12

Bac

15
(+2)

33
(+3)

46
(+6)

,5 °C
F

9
(+1)

29
(+2)

44
(+10)

y

21

40
(+4)

45
(+5)

Dry weights

Bac

16
(+2)

37
(+2)

45
(+6)

>1 °C

F

19
( + 1)

35
(+4)

40
( + 1)

(%)

Y

27
(+1)

42
(+6)

47
(+1)

Bac

15
(+6)

41
(±1)

56
(+3)

30 °C

F

28
(+6)

41

( + 1)
50

(+10)

Y

20
(+3)

42
(+2)

47
(+2)

ËIË tens"

In 1982 the project "Soil ecosystems" was started. The
objective of this project, in which several Dutch agricultural
research institutes cooperate is to characterize the main bio-
logical parameters of a soil under different crop rotation
practices. The soil under study is a heavy clay soil in the
newly reclaimed Lake IJssel polders. The part of the project
which will be carried out by project team 128 is to determine
total soil biomass-C, bacterial and fungal masses and the
active fraction of the biomass at several depths during the
growing seasons. Furthermore, the final analysis and pro-
cessing of data will be made by computer simulation models
which are developed and used by members of this team (see
section "Model development"). Total biomass-C will be measured
by the chloroform fumigation technique and bacterial and
fungal masses as well as the active fraction of the biomass
will be measured by direct microscopic techniques using FITC,
Aniline Blue and FDA as dyes.

Total biomass-C, in yg C per gram dry soil, for four plots
with different crops at three sampling terms is shown in Table
5. The remarkable increase of biomass-C with depth in some
plots correlates with the increase in soil organic matter
content in those plots,, Calculation and processing of the
enormous amount of data which are obtained from the direct
microscopic measurements have not yet been finalized.



- 33 -

Table 5. Total biomass (pg C per g soil) in a clay soil
at different terms during a growing season for
different crops, at different depths.

^"^^^ampling time

Plot Depths
no cm ^v>><-^^^

10 0-20/30

30-40

17 0-20

20-40

60-80

100-120

20 0-20/30

30-40

39 0-20

20-40

60-80

100-120

April
20

420

470

370

340

320

-

410

490

420

270

420

-

July
13

507

540

445

361

812

1020

540

493

475

232

589

424

Sept.
23

556

305

331

175

112

90

741

676

474

188

212

83

Oct.
27

727

Croo

potato.

sugar beet

potato

barley

Model_develoDment

The model of Van Veen and Frissel on C transformation and re-
lated mineralization and immobilization of N has been devel-
oped further based on laboratory and field data obtained with
different Australian soils. Firstly case studies show the
large effects of the frequency of drying and rewetting of
soils on the decomposition of organic matter and on the turn-
over of biomass. Secondly, the more refined model embraces the
concept that soils have characteristic capacities to preserve
both organic matter and microorganisms (see section Biomass
turnover). Other changes as compared to the model (see Ann.
Rep. 1981) involve variability of the C/N ratio of the biomass
and a refined fractionation of organic matter.

The model will be tested with data from laboratory experiments
in which [C-14] and [N-15]-labelled substrates and bacteria
were added to a clay and a sandy soil. Net mineralization of C
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and N (labelled and unlabelled) and changes in the total and
labelled biomass as determined by the chloroform fumigation
technique allowed for a thorough testing of these concepts in
the manner in which they are included in the model. Prelimi-
nary tests show good fits between experimental observations
and model outputs. The model indicated that the contrasting
metabolism of both C and N in a clay versus a sandy soil could
largely be explained by differences in the capacities of the
two soils to preserve microorganisms. Part of this work is
carried out under research contract nr. 185-76-1 BIA N from
the CEC (DG XII-B-2). In the framework of this contract work
was done on the improvement of the conceptual models which
describe the microbiological processes in soils and which were
developed earlier by the group and on the collection of field
data. Model development depends no longer on further develop-
ment of mathematical techniques and computer facilities, but
mainly on experimental work.

Soil_organic_matter_losses_as_2ossible_source_of soil_de-
gradation

This part of the project was supported by a research contract
(nr. 0592) from the EC Land Lse and Rural Development Pro-
gramme and carried out in cooperation with the Institute for
Land and Water Management at Wageningen, the Institute for
Soil Fertility at Haren and the Research Institute for Arable
Farming and Field Production of Vegetables at Lelystad.

The loss of soil organic matter is a rather slow process, it
may take many years before such losses can be observed. There-
fore it is not possible to set up a simple experiment in which
such losses can be determined, it would simply take too long.
One way to solve this problem is to use observations of al-
ready existing soil plots of which the content of soil organic
matter has already been observed for rather long periods.
Results of this type of investigations can then be analysed by
simulation model studies.

Another way to obtain information on long term processes is a
much more detailed study of the dynamics of the microbiologi-
cal processes in soils. This is because the microbiological
debris material, after chemical condensation and stabilization
forms the resistent soil organic matter. ITAL's simulation
model M3 (p. 21, Ann. Rep. 1981) was used for this purpose.
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The_long term organic_matter model MT6

Data became available for the activity of microorganisms as a
function of water underpressure. For most soils, however,
water underpressure is not known as a function of time. Often
only values for the water content (% by mass or % by volume)
are available. For the most abundant soil types (e.g. sandy
soils, loamy soils, clays, peaty soils) water underpressure as
a function of water content is known. After introduction of
these relationships into the model it is possible to simulate
the activity of microorganisms as a function of the water
underpressure whilst the water content is used as an input
value.

In addition to water underpressure, temperature affects
activity of microorganisms. Preliminary laboratory experiments
showed that the two factors are independent of each other.
This independence allows the use of rate reduction factors in
a simple manner which is important in the use of long term
models. Effects of temperature upon microbial activities are
well known; at least for temperate regions.

Given the effects of water underpressure and temperature on
microbial activity model MT6 can be tested and calibrated.

Test_of_MT6

After reclamation of the Lake IJssel polders several experi-
ments were started to follow the organic matter content of the
soil with time. Three differences in organic manuring were and
are applied to three selected plots:
1) no organic manuring: only roots, root exudates and stubbles

are the organic input into the system;
2) green manuring: interrotation crops, e.g. Italian ryegrass,

ploughed in;
3) farmyard manuring and some green manuring (one and two year

pastures) included in the crop rotation scheme.

Organic matter contencentrations were assessed every year from
1955 up to 1980 (See Figure 2). Points may vary somewhat due
to analytical and sampling errors. The bulk density for in-
stance, is a very important parameter of the soil and con-
sequently also in MT6. Although it seems very easy to
determine this parameter the data vary substantially with
time, and thus the measured organic matter contents differ. It
is of course subsequently impossible to correct such errors.
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Figure 2. Organic matter content of a clay type soil (approx.
30% < 16 ym) as a function of time. Points: observ-
ations; lines: simulation.
+, no organic manure
o, green manure
A, farm yard manure

The results of the computer simulations are also shown in
Figure 2. For case 1 and case 3, simulations are rather good.
The organic matter inputs are well known and this results in a
good simulation. For case 1 an extrapolation in the future can
be made, assuming the experiment will be continued exactly the
same as for the past 25 years. The organic matter content
continues to decrease until an equilibrium situation has been
established. This situation is not reached at the end of the
simulation. Even before this equilibrium situation is reached
problems with respect to soil structure may occur.

For case 2 the results of the simulation are rather poor. This
may be due to overestimated input of green manure. Data on the
yields of the interrotation crops are not available. In
literature only data for yields at harvest time can be found.
Green manure crops are not always fully grown, however, at the
time of ploughing. Also little is known about the degrada-
bility of green manure crops, especially not fully grown
crops. This may also lead to an overestimation of the organic
matter content in soils.
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In general, the results are satisfactory, but the model should
of course be applicable to different soils in different
climates. More data sets, especially from soils with different
environmental conditions, have therefore to be examined. So,
it is possible that different microorganisms (e.g. thermophi-
lic/psychrofilic in warm/cold regions) exist with specific
relationships between temperature or water underpressure and
activity. This will, I.owever, not cause serious problems for
the model.

Establishment, recognition and root-nodule induction of
Rhizobium in the rhizosphere (Project 129).

Plants capture solar energy in photosynthesis and use mineral
nutrients to produce organic plant material and human food.
The extent to which such materials are removed from agricul-
tural production sites represents a permanent drain of mineral
nutrients. Some plants of agronomic importance such as some
legumes, but also some non-legumes are associated with soil
bacteria in the rhizosphere and this association utilizes
photosynthetic energy of the plant to reduce atmospheric
nitrogen to ammonia (NH~). Such associations are for example
Azospirillum living in the rhizosphere of grasses and many
other plants. In most Legumes and some Non-Legumes the asso-
ciation is even more intrinsic being a real symbiosis in which
the plant provides the prokaryote (the Rhizobium bacterium)
with carbohydrates 'ph cosynthetic energy) and the prokaryote
provides the plant vj±th nitrogen. In this association a root
nodule is formed and the plant is thus able to grow in a
substrate deprived of reduced nitrogen. Such biological asso-
ciations represent a natural mechanism, without any risk for
pollution of the environment, by which man can augment soil N
for agronomic purposes without using expensive fossil energy
to synthesize and distribute N fertilizer.

In this framework the establishment, recognition and root-
nodule induction of Rhizobium in the rhizosphere is a very
important topic. First, not every Rhizobium species can pro-
duce root nodulation and an effective symbiosis (i.e. di-
nitrogen fixation) with any leguminous plant. A prerequisite
for nodule formation is the establishment and growth of the
Rhizobium strains in the rhizosphere, this growth is only
possible by an unknown interaction ('recognition') between
plant and microbe. The scope of the present project is a basic
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research in order to have insight into the reactions which
play a role in the recognition and acceptance of Rhizobium by
the host plants and to produce N 2 fixation. If the chain of
phenomena of such a process is understood, they can be mani-
pulated to obtain new combinations and an increase in effi-
ciency of nitrogen fixation. For this reason special attention
is paid to cross-inoculation and compatibility of certain
Rhizobium strains in a wide range (spectrum) of hosts. Fol-
lowing earlier results (Ann. Rep. 1981) cross-inoculation ex-
periments were conducted involving a large number of Rhizobium
species of different origin tested on leguminous and non-
leguminous plants. Some of the positive root-nodulation re-
sults previously (see Ann. Rep. 1981) obtained could not be
confirmed. Age of the Rhizobium culture and growth stage and
condition of the plant probably affect also the reaction. In
general, the main cross-inoculation groups comprising Rhizo-
bium trifolii (clover), R^ leguminosarum (pea), R_̂  phaseolii
(bean), R. meliloti (sweet clover alfalfa, lucerne), R. lupini
(lupine), _R_̂  japonicum (soja), and "cowpea rhizobia" (Vigna
spp., Leucaena spp.) could be confirmed. However, some Rhizo-
bium strains show a very large cross-reaction, i.e. host
spectrum. An investigation of the physiological characteris-
tics of these strains and various culture media is in pro-
gress. Sofar investigated, these strains show some affinity
with a free-living, plant-pathogenic bacterium Agrobacterium
tumefaciens. Since, host specificity and compatibility to
produce nodulation in plants seem to be linked with the
presence and absence of certain plasmids (Sym Plasmids) a pre-
liminary survey was started on the plasmid content and iden-
tification (sizing) of the plasmids of some Rhizobium strains.
The Sym plasmids as shown by other investigators probably
carry the genes for root nodulation and nitrogen fixation in
associations of some Rhizobium spp. in certain cross-inoculat-
ion groups. Apart from this, the establishment of the Rhizo-
bium spp. in the rhizosphere of the host and invasibility into
the root hairs was also studied by morphological methods as
well as when in association with associative N -fixers (Azo-
spirillum) in the rhizosphere.

Exudation by plant roots (Project 130).

The GVtron, phytotron originally designed by the late Dr. G.
Verfaillie to grow plants in a controlled root and shoot en-
vironment, was extensively tested and modified in the first
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part of 1982. The apparatus is now ready to monitor the
circulation of carbon dioxide through leaves and roots as
affected by mineral nutrition, bacterial contamination and
diurnal rhythmicity. An insight into the importance of C0~
fluxes in the rhizosphere can be gained by numerical inte-
gration of the amounts of added and withdrawn CO» in the shoot
compartment and measuring of C0_ enrichment in the root com-
partment. Due to lack of time and assistance we unfortunately
had to terminate extensive experimentation.

An instrument similar to the GVtron was designed and developed
for short-term experiments to measure carbon flow and pH
changes in the root environment of wheat and _jdwarf_ bean. The
apparatus has facilities to monitor 0 > CO , K , H0_ and pH in
nutrient solutions circulated in a closed system. The appa-
ratus works satisfactorily and the first results show an in-
teresting transient response of the respiratory quotient of
wheat roots after the administration of nitrate. Next year the
contribution of the aerial parts to 0 supply in the rhizo-
sphere as well as the amounts and compounds of carbon re-
covered in the root environment will be studied.

Inorganic and organic carbon from root exudates was
characterized by gel filtration chromatography (GFC). Because
EDTA used for the iron nutrition of plants interferes with the
detection phase of GFC, we have tried out alternative sources
of Fe for wheat and dwarf bean. It appeared from the first
experiments that chloride or sulfate as compared to EDTA as
anion for iron ions resulted in a significant increase in the
amount of organic material released by the roots. This observ-
ation is now taken into account in subsequent experiments,
which also will deal with the question whether these organic
compounds possess chelating properties.

Work on the influence of living roots on the pH of their en-
vironment was continued with 8 combinations of the major
nutrient cations «and anions, supplemented with a low con-
centration of Ca if required. For dwarf bean, spinach,
barley and several maize varieties lowest pH-values always
occurred with (NHj-SO and highest with KNOy For barley,
after one day of growth on the various N-sources the pH of the
N0„ treatment exceeded that of the NH,-treatment, by 5.5 units
(cü. Ann. Rep. 1981), representing 350 000 times higher proton
concentration with ammonium nitrogen than with nitrate. It is
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reasonable to assume that still greater differences exist
close to the root surfaces. In short term experiments with
N0_-grown plants there was a prompt change in the directional-
ity of net proton movement through the roots upon the addition
of NH,. We have tried to measure pH-values closer to the
rhizoplane and rhizosphere by growing plants in tiny volumes
of nutrient solution. Growing plants in small test tubes or
extraction thimbles within a bigger reservoir, however, re-
sulted in poor plant growth and consequently did not produce
useful data. A more promising approach is to pour roots of
living plants into a nutrient agar at moderate temperature.
When the agar is mixed with a suitable pH-indicator the change
of medium acidity caused by roots can be visualized. The agar-
dye method has demonstrated significant variation in the pH-
changes as a function of the distance from the root surface
but also along the roots themselves. A set-back of the method
is that the visualization of pH-changes is rather slow and
therefore diffusion of hydrogen or hydroxyl ions through the
agar may blur the extrusion pattern. In the future we will try
to apply fluorescent pH-dependent dyes to this technique.

In cooperation with other projects work is in progress to grow
plants in a sterile root medium in order to compare the pro-
cesses and products of root exudation in the presence and
absence of root microflora.
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RADIOECOLOGY

The investigations of the radioecology group are concerned
with risk evaluation studies. For a considerable part they are
carried out as contract research for different Ministries of
the Dutch Government. Examples of such studies include: Radio-
ecological consequences of the introduction of coal-fired
power stations and radioecological consequences of the release
of industrial gypsiferous waste products in surface water.
The major part of the investigations, however, belongs to the
predictive area, i.e. their aim is to determine data which
subsequently may be used in radioecological risk evaluation
studies. Two areas are being investigated: the transfer of
radionuclides from soil to plant and the migration and accu-
mulation of radionuclides in soil. The programme forms a part
of the Radiation Protection Programme of the European Communi-
ties. It is also supported by the IUR (International Union of
Radioecologists). Close contacts exist with the CEA at
Cadarache, the KFA at Jiilich and the AERE and NRPB at Harwell/
Didcot.

ITAL organized jointly with the IUR (International Union of
Radioecologists) two meetings. In June it was a seminar on
"Environmental transfer and metabolism of tritium". In
December it was a workshop on the "Transfer of radionuclides
from soil to plant". The ITAL radioecology group reported its
results at this workshop.

Investigation of the behaviour in soils and uptake by plants
of transuranics (Ra included) for different European soil
types (Project 131).

Main activities concerned the determination of man nade radio-
nuclides in natural soils and their uptake by the vegetation
and leaching and transport studies of transuranics in soil
columns in the laboratory.
For the measurements in nature, the sampling of twelve re-
presentative European soils has almost been completed; only
two soils (in Italy and Greece) still have to be sampled in
1983.
The analyses of plutonium, americium, and the gamma emitters
Ac-228 (Th-232), Bi-214 (Ra-226), Cs-137 and K-40 in the soils
and their corresponding grass samples are almost completed.
The uranium analyses are in progress, typical transfer co-
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efficients in Bq per kg fresh weight (standardized moisture
content of fresh material 14%)/Bq per kg air dry soil are:
Humic gleysol (Hooglanderveen), 0,011, Calcaric fluvisol
(Finsterwolde) 0,005, Dystric histosol (Schoonebeek) 0,005,
Eutric histosol (Groot Ammers) 0,006, Dystric cambisol (Arden-
nes) 0,007, Orthic luvisol (Amiens) 0,028, Rhodic ferrasol
(Giessen) 0,002, Rendzina (Kingston Lisle) 0,016. The
variation was higher than expected. Therefore a second grass
sampling of certain sampling sites was carried out at the end
of the summer and, depending on the results, a third one may
follow early in 1983. The results of the soil analyses so far,
show that about 80 percent of the Pu-239/240, Am-241 and
Cs-137 is still located in the upper 10 cm of the soil (Table

1).
Differences between the migration of plutonium, americium and
caesium in a particular soil are small. This might indicate
the same mode of transport, i.e. particle mediated transport.
Different soils show different migration patterns.
To verify the predictive model for plutonium and americium
transport in soil, some old samples dating from 1967, 1972,
1973 and 1978 were analysed for Pu and Am (Table 2). The data
obtained support the assumption that the predictive model can
be used for a first estimate of the behaviour of Pu and Am in
soils (Table 3).
As described in the previous annual report the migration in
the laboratory is measured with 24 column? filled with sand,
sea clay and peat. The columns are treated with artificial
rainwater, that, before contacting the soil, leaches a sedi-
ment containing plutonium. Half of the experiments has been
performed and analyses of plutonium and cesium are in pro-
gress.

There was little difference between the results for the dif-
ferent columns. There is a slight indication that Pu migrates
somewhat faster than Cs. This observation is in agreement with
our observations in nature.

Table 1. Some representative results of soil analysis

ây er
cm

0- 5

5-10

10-15

15-20

P u

1 5 ,

2 0 ,

1 0 ,

0 ,

1

0

3

9

Hooglanderveen

MBq/km2

Am

6 , 4

9 , 1

5 , 0

1 . 2

C s

1020

1302

9 4 7

1 2 0

P u

1

1

1

1

(1981)

Ratio

Am

0,42

0,46

0,49

•

C s

68
6"=

P u

12,6

13,4

7 , 8

4 , 3

Ardennes

MBci/km2

Am

5 , 5

6 , 3

4 , 7

7 , 0

C s

1010

9 6 9

5 2 5

2 7 0

<1/>B1)

Pu

1

1

1

1

Ratio

Am

0,44

0,47

0,60

•

C s

80

72

6 7

*

P u

1 5 ,

i s ,
1 0 ,

2 ,

3

7

1

B

Kingston Lisle

MBq/km2

Am

6 , 4

7 , 6

4 , 9

1 . 7

C s

1165

1157

7 1 1

2 0 3

P u

1

1

1

1

(1982)

Ratio

Am

0,45

0 , 4 8

0 ,49

•

C s

76

74

70

•

'Absolute values too low to allow reliable ratio determinations.
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Table 2. Some predicted Pu values (residence time 3 a/cm) together with some presently
determined Pu values of old samples (MBq/km2)

Layer
cm

0- 5
5-10

10-15
15-20

1967

Prediction £ • »£

26,1 34,0 28,9
6,4 3,6 8,7
0 1,6 2,2
0 0 ,3 0,7

1972

Prediction Jg-

26,1 33,3
12,2 5,2
1,5 0,7
0 0,4

1973

Prediction *£

18,6 24,5
13,3 13,4
1,7 2,9
0 0,7

1978

Prediction g*«

12,8 15,1
16,5 20,0
4,6 10,3
0,9 0,9

HLV =• Hooglanderveen (Humic gleysol); GRAM = Groot Ammers (Eutric histosol)

Table 3. Some predicted Am values (residence time
3 a/cm) together with some presently deter-
mined Am values of old samples (MBq/km2)

Layer
cm

0- 5

5-10

10-15

15-20

1967

Prediction *J - , * • •

13 ,1 19,4 15 ,8

3,2 2 ,8 4 , 8

0 1,8 2 ,5

0 l.,2 0,4

1978

Prediction 2?f/

6,4 6 ,4

8,5 9 , 1

2 ,3 5,0

0,5 1,2

HLV = Hooglanderveen (Humic gleysol); GRAM = Groot
Ammers (Eutric histosol)

Evaluation of the long term behaviour of radio contaminants in
terrestrial ecosystems (Project 132).

Determinations of soil to plant transfer factors should be
carried out under circumstances as close as possible to
natural conditions. Therefore experiments are performed in a
lysimeter installation with 32 large containers, of which 16
have been filled with loess, 12 with sandy soil and 4 with
river clay. For details see the annual report 1981. In 1981
the soil of the first four containers has been labelled with
Mn-54, Co-60, Zn-65, Sr-90 and Cs-137 and cultivated with
grass. In 1982 the measurements of the uptake of the radio-
nuclides by the grass have been continued: the results are
given in Table 4. It is shown that the grass takes up Mn-54,
Zn-65 and Sr-90 more efficiently than Co-60 and Cs-137 and
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that large variations may occur between different harvests.
The uptake of Mn-54, Co-60 and Cs-137 from sandy soil is much
higher than that from loess. From the soil with a plough depth
layer contamination, the uptake of Mn-54 and Zn-65 is about
two times higher than from the soil of which only the surface
is contaminated.
In 1982 the soil of twelve other containers of the lysimeter
was labelled with the same radionuclides. They were cultivated
with potatoes, maize, barley and vegetables. Results are shown
in Table 5. Also for these crops the highest transfer factors
were found for Mn-54, Zn-65 and Sr-90. The highest values were
found for spinach.

The complexation of radionuclides by root originating ligands
was determined. To assess fresh root material, maize and wheat
plants were grown in a [C-14]0? environment. Extracts of the I
intact root-soil system were made after 0, 4 and 6 weeks
growth by a mild percolation technique.
Addition of Co-57, Zn-65, Mn-54 and Fe-59 to these extracts
and subsequent molecular sieving on Sephadex G-15 allowed
separation of small ionic species from those of higher mole- R
cular mass. The percentage of metals present in the high mole- M
cular mass fractions showed a significant shift from ionic to *
complexed forms. The high molecular mass forms were accom-
panied by an increase of C-14, the complexing agents are
therefore assumed to be produced by the roots (Table 6). An
example of the close correlation between C-14 distribution and
metallic radionuclide distribution is shown in Figure 1.
The Co-57 distribution in an extract after 4 weeks (Figure la)
compared with an extract after 6 weeks (Figure lb) showed that
this distribution was shifted by the C-14 increase. This indi-
cates that within two weeks, sufficient C-14 material is being
released into the root environment to compete with natural
soil organic matter.

The results obtained demonstrate that the availability of
radionuclides which can form complexes with root-originating
material, may be quite different from the ones determined by
standard bulk soil extractions.
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Table 4. Transfer factors for grass (Bq/kg in dry plant material / Bg/kg oven dried soil).
Activity concentration of the soil in a layer of 15 cm (plough depth layer contamin2tion)
or 5 cm (surface contamination)

Crop

Grass

Grass

Grass

Grass

Soil
type

loess

loess

sandy
soil

sandy
soil

PH
(H20)

7,6

7,7

5,8

6,2

Contamination
type

Plough depth
layer
contamination

Surface
contamination

Plough depth
layer
contamination

Surface
contamination

Date
:ontamination

August '81

August '81

August '81

August '81

harvest

Oct."81
June'82
July'82
Aug.'82
Oct.'82

Oct.'81
June'82
July'82
Aug.'82
Oct.'82

Oct.'81
June'82
July'82
Aug.'82
Oct.'82

Oct.'81
June'82
July'82
Aug.'82
Oct.'82

Dry
mat.
%

15
24
16
21
14

12
25
15
23
13

13
24
15
23
12

15
24
14
19
12

0,13
0,21
0,23
0,11
0,54

0,18
0,11
0,11
0.13
0,37

1,20
1,25
1,00
0,56
0,98

0,77
0,27
0,51
0,45
0,89

* 0 C O

0,038
0,014
0,012
0,0021
0,024

0,0059
0,0046
0,0072
0,0018
0,020

0,15
0,080
0,068
0,017
0,054

0,39
0,079
0,049
0,017
0,049

"zn

0,05
0,73
1.71
0,48
1,85

0,95
0,33
0,67
0,30
0,84

1,23
1,63
2,13
0,61
1,84

0,92
0,27
1,43
0,44
1,26

*°Sr

0,87
0,92
1.24
1,02
0,66

0,74
0,72
0,97
0,91
0,50

1,29
2,9
1,84
1,06
0,98

1,14
0,62
1,63
1,10
0,77

l 3 7Cs

0,033
0,012
0,012
0,0022
0,011

0,053
0,0049
0,0057
0,0021
0,012

0,17
0.074
0,096
0,041
0,13

0,36
0,017
0,062
0,027
0,070

Table 5. Transfer factors for various crops (Bq/kg in dry plant material / Bq/kg oven dried soil).
Activity concentration of the soil in a layer of 5 cm

Crop

Potatoes

3arley

•laize

Jeans

;abbage

Spinach

Soil
type

loess*
loess
clay
sandy
soil

loess*
loess
clay
sandy
soil

loess
sandy
soil

loess
sandy
soil

loess*
loess
clay
sandy
soil

loess
sandy
soil

PH
(H20)

6,4
7,7
7,7
5,8

6,9
7,7
7,7
6,2

7,8
6,2

7,7
6,2

6,4
7,7
7,7
5,8

7,7
6,2

Contamination
type

Surface
contamination

Surface
contamination

Surface
contamination

Surface
contamination

Surface
contamination

Surface
contamination

Date
:ontamination

March 1982

March 1982

March 1982

March 1982

March 19 82

March 19 82

harvest

August
1982

Sept.
1982

Oct.
1982

Julv
1982

Dec.
1982

Oct.
1982

Dry
mat.
%

25,2
23,5
25,4
24,6

87,6
86,8
87,4
66,4

33,2
32,0

9,8
9,8

15,6
16,2
16,6
16,0

5,0
5,0

511 Mn

0,010
0,015
0,018
0,020

0,019
0,018
0,006
0,039

0,012
0,067

0,063
0,15

0,033
0,086
0,013
0,14

0,22
0,31

60 C o

0,0055
0,0073
0,0062
0,0049

0.00018
0.
0,00021
0,00024

0,0018
0,00)8

0,014
0,014

0,0058
0,012
0,0039
0,0090

0,059
0,088

*5Zn

0,12
0,15
0,59
0,097

0,29
0,26
0,42
0,21

0,11
0,16

0,14
0,26

0,23
0,36
0,20
0,35

2,33
4,14

">Sr

0,050
0,11
0,048
0,061

0,028
0,017
0,016
0,030

0,060
0,090

0,25
0,41

1.57
0,87
0,50
0,86

0,92
0,95

137Cs

0,0071
0,0055
0,0088
0,028

0,00074
0,00039
0,0017
0,0035

0,0039
0,020

0,0036
0,010

0,0092
0,0062
0,020
0,023

0,036
0,068

•Undisturbed profiles



- 48 -

Table 6. Amounts of added radionuclides present in
higher molecular weight forms, as determined
from their position in a GFC chromatogram
(Sephadex 6-15).

% = y-activity in organic fractions
y-activity in organic fractions + ionic rest

Cii^-
axtract

fallow

4 weeks

6 weeks

4 weeks

6 weeks

%

^ ^ - ^

column

maize

maize

wheat

wheat

57Co

6,4

58,6

60,6

22,7

30,5

65

1

11

15

3

15

Zn
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Figure 1« Gel filtration of a soil extract obtained after 4
and 6 weeks maize growth.
Upper figure shows optical density (OD) at 254 nm;
total organic C (x x) and C-14 content (Ö).
Lower figure shows the distribution of CO-57
activity among the same fractions (0).
a: after 4 weeks; b: after 6 weeks.
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To obtain a better understanding of the behaviour of techne-
tiura in loess and sandy soils an experiment was done to de-
termine its extractability. The technetium adsorption on loess
soils was clearly very weak since after as little as one hour
of extraction with water and di-ethylenetriamino acetic acid
(DTPA), technetium was completely recovered. The extraction of
sandy soils with the same solvents was slower, and it was
never completed, even after 25 hours of extraction.
It was investigated, by means of gel filtration techniques,
whether technetium had been chemically transformed in those
soils. Technetium extracted from the soils was_ clearly not
bound to the soil organic matter and remained TcO,.
In the lysimeter, spinach plants were grown on the loess and
the sandy soil; the surface layer and the plough depth layer
were contaminated with Tc. Several harvests were done in order
to determine possible growth dilution phenomena. Further,
water extractable Tc was determined. Total Tc was determined
by extraction with an NaCIO solution. Migration into deeper
layers was investigated by sampling layers of 5 cm from 0 to
25 cm of depth. _
In order to determine the threshold of TcO, toxicity, spinach
seedlings were grown on nutrient solutions containing dif-
ferent TcO, concentrations. Plants clearly suffer from the
contamination when more than 2 ymol/1 is present. A closer
look at the distribution of technetium in the different
spinach leaves shows that at every TcO concentration in the
nutrient solution the first leaves contained more technetium
than the second leaves.

Further attention has been given to the determination of
possible Tc-bio-organic complexes in the spinach leaves.
Therefore, a special separation technique was developed by
filtration of a crude cell suspension through a fractogel
column (a kind of gel filtration).

Publications

FRISSEL, M.J., R.M.J. Pennders. Models for the migration of
Sr-90, Cs-137, Pu-239,240 and Am-241 in the top layer of
soils. _Tn: Environmental migration of long-lived radio-
nuclides. IAEA, Vienna, 1982, p. 689-694.

FRISSEL, M.J. Behaviour of radionuclides in soil and crops.
(In Dutch). Chem. Magazine 1982, juli/aug., 424-429.
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STOUTJESDIJK, J.F. Recent developments in the liquid scintil-
lation counting technique. (In Dutch). Para Medica 1_ (1982),
12-14.

STOUTJESDIJK, J.F., J. SINNAEVE, J.H. VAN GINKEL, R.M.J.
PENNDERS, R.M. SIBBEL and G.M. DESMET. Determinations of
soil-plant transfer factors at ITAL. JLn: "Report of a workshop
on the transfer of radionuclides from Soil to Plant" IUR-
Association EURATOM-ITAL, Wageningen. (1982).

Lectures

FRISSEL, M.J. Possible contaminaton of the environment with
radionuclides and consequences of such a contamination. (In
Dutch). This lecture has, with sometimes severe modifications,
been held for a Farmers Association (CBTB), some associations
at academic level, a post academic course for High School
teachers (VWO level, NIVON) and for the Royal Netherlands
Chemical Society (KNCV).

DESMET, G.M. Action of Technetium on the pigmentation and the
iuicronutrient status of spinach plants. Study Group of Tech-
netium in the Environment, La Baule (France), 19G2.

Committees

FRISSEL: - Member of the Committee for the Re-evaluation
of Removal of Radioactive Waste of the
Ministry of Housing, Physical Planning and
Environment.

- Chairman of the working Group on Soil-Plant
transfer factors of radionuclides of the IUR
(International Union of Radioecologists).

- Provisional Committee for Environment-Effect
reporting.

STOUTJESDIJK: - Member/secretary of the Coordinating Committee
for the Measurement of Radionuclides and Xeno-
biotic Substances.

- Member of the subcommittee: "Alarm schemes for
nuclear reactors" of the Interdepartmental
Committee for Nuclear Energy (ICK).

- Member of the Agricultural Advisory Committee
for Environmental Critical Substances.
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Member of two committees of the Health Coun-
cil, viz.:
- Committee for the study of the Radiation

burden caused by building materials;
- Committee for the drawing up of regulations

for the release of radionuclides by labor-
atories.

Deputy member of the Committee for the Re-
evaluation of Removal of Radioactive Waste.
Member of two subgroups of the National Dutch
Standardization Committee, viz.:
- Standardization Committee on Radiological

Determinations.
- Standardization Committee on Nuclear Energy.
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INSECT GENETICS

The group in 1982 concentrated on selection for refractoriness
(inability to transmit malaria) in Anopheles stephensi, and
the development of genetic sexing systems in A^_ stephensi and
Ceratitis capitata.

The use of refractory genes for the control of malaria is a
very important part of the mosquito programme. The collabor-
ation with Nijmegen (Laboratory for Medical Parasitology)
forms here a crucial element as they have been successful in
producing large numbers of mature gametocytes by which mos-
quitoes from ITAL can be infected. This is the only place in
the world where this can be done with such large numbers of
mosquitoes. Logistically, this brings with it problems but
twice a week mosquitoes are now taken to Nijmegen, infected,
dissected and eggs returned to ITAL to produce refractory and
non-refractory lines. When populations from these lines are
available in sufficient numbers they are returned to Nijmegen
for further testing.

Genetic sexing is a necessity when mosquito control techniques
are being developed which involve the release of insects. As
it is the female mosquito which bites and transmits malaria,
they have to be removed before releases are made. Even if the
female mosquitoes are refractory, the nuisance caused by their
biting would be intolerable. The removal of females also leads
to considerable economic savings. In the Medfly, Ceratitis
capitata the advantages which accrue are mainly economic, when
female larvae can be poisoned in an early developmental stage.
In the Mexico programme US$ 5000/week can be saved. However,
in Europe an extra factor plays a role in that released
sterile females continue to lay eggs and these lead to bac-
terial and fungal damage on the fruit. Therefore the sterile
insect technique is not used at present against this pest.

There exist very strong national as well as international
contacts for both projects. The international contacts are of
crucial significance as both insect species are not of
national importance. Within the coming year these inter-
national contacts will be used to test under field conditions
some of the strains developed at this Institute.
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A new approach in malaria control. (Project 134).

During the first full year of this programme work has been
carried out on seven projects and several of these will be
highlighted in this report.

Genetics and_C>£togenetics of Anopheles Stephens!.

a. Genetic markers

Markers are necessary for the localization of insecticide
resistance genes and for the isolation and homozygosing of
translocations. Several markers were obtained from Pakistan

bl black larvae autosomal recessive chrom 3
ro rosy eye X-linked recessive X chrom
st stripe autosomal semi-dominant chrom 2
sp short palpa autosomal recessive chrom 3
w white eye autosomal recessive lost
ma maroon eye autocomal recessive chrom 2
One mutant has been isolated following inbreeding.
3-Csm third coastal spot missing.

From these, several multiple markers strains have been iso-
lated e.g. bl/ro/sp and bl/ro/st. These have already been used
to isolate translocations and to map insecticide resistance
genes. With two markers on each autosome and the X chromosome
marked very few further markers are necessary.

b. Cytology

Analysis of the polytene chromosomes from larval salivary
glands was continued. Five different arms can be recognized
but it is rather difficult to find cells in which all arms are
spread. An original map was produced based on our interpret-
ation and compared with the published map.
Further studies on polytene chromosomes in nurse cells of
bloodfed females are now underway and three arms have already
been mapped. In translocation stock T6(2-3) a cross figure was
observed and further details about breakpoint positions of
important translocations will be assessed when mapping of
nurse cell polytenes is a routine procedure. The technique of
preparing nurse cell polytenes is easier than the salivary
gland techniques and the chromosome arms are usually easily
separated.
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Isolation of Chromosome Transiocations

From the five semi-sterile lines isolated from F. females in
the first half of the year, two transiocations were isolated
and confirmed cytologically: T7 and T10. Both were autosomal
and involved symmetrical exchanges. T10 was lost but T7 is now
being tested for linkage to bl/ro and for homozygous viabili-
ty.

Difficulties experienced in fertility screening encouraged the
use of markers for the isolation of transiocations using the
pseudo-linkage technique. These studies have led to the iso-
lation of two X-linked transiocations and 16 semi-sterile
lines awaiting cytological confirmation.

A dieldrin susceptible male-linked translocation T, was back-
crossed for three generations to a dieldrin resistant line. At
each generation the larvae were treated with dieldrin to pro-
duce a T line which was dieldrin resistant. Males were ir-
radiated and outcrossed to Lahore females. F males were mated
to bl/ro (homozygous dieldrin susceptible) and the sterility
was measured. One F male gave high sterility and a complex
translocation (T ) was observed in which all six chromosomes
were involved, (in T only four were involved). In the progeny
of this male the bl/bl pupae produced almost all females and
the bl/+ pupae almost all males. The wildtype allele for black
was closely linked to the male chromosome, however, some re-
combination was present. Subsequent tests with dieldrin re-
vealed that linkage of the dieldrin locus with the Y-chromo-
some was less strong but nevertheless differential mortality
in males and females was demonstrated.

In a similar study dieldrin resistant males were irradiated
and crossed to susceptible females. The F males were back-
crossed to susceptible females and the fertility measured and
21 semi-sterile lines were tested with dieldrin. In no case
was there differential mortality between males and females.
From these lines 3 new Y-linked transiocations were isolated,
T8, T9 and T12. These will be used in future studies to
develop genetic sexing systems.
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Selection for_refractoriness in A. stephensi for P 1 a smodiujg
falciparum

This project is carried out in close collaboration with the
Lab. Medical Parsitology, Nijmegen. This year the staff at
Nijmegen have succeeded in producing large quantities of
infective parasites on which the susceptibility of different
strains of A. stephensi can be tested.

Initial experiments showed that females of about four days old
were the most susceptibility to infection and this was the
standard age for future selection experiments. In the second
half of the year 7200 female mosquitoes were exposed to game-
tocytes of Pj^ falciparum and of these 2135 have been dissected
to ascertain the number of oocysts present. Eggs from females
having low oocyst numbers provided the basis for the R-lines
and eggs from high oocyst number females were used to generate
S-lines. Retesting of the initially selected lines has now
started but as yet no clear effects of selection have been
noted.

IS:>ecticide_Studies

DDT susceptible strains of mosquitoes are in general difficult
to obtain from field populations and for use in genetic sexing
such strains are a necessity. In an A_̂  stephensi strain from
London the DDT susceptibility was improved by single family
sib selection the resulting strain LS was more susceptible
than the original material but more selection will be neces-
sary to ensure homozygosity for the susceptible allele.

In a strain selected for permethrin susceptibility it was
noted than the DDT resistance was also reduced. This observ-
ation together with data from the literature suggests the
existence of two DDT resistance genes. In the bl/ro strain
both these genes are present although not homozygous. A
selection programme has started to produce a bl/ro line homo-
zygous for the two genes which will be used to develop genetic
sexing lines.

International_collaboration

A crucial aspect of this programme is the availability of
field populations in which A^ stephensi is the main vector of
P^ falciparum malaria. It is hoped that such field populations
can be found in Pakistan and cooperative agreement will be
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formalized with the relevant authorities as soon as possible.
In order to speed up this process a member of the group
visited Pakistan together with the Chairman of the Steering
Committee. Active support of the Pakistani authorities for the
programme was clearly evident. During the visit plans were
made for a pilot field experiment for a period of 1-2 years.
The field experiment will identify areas suitable for future
release experiments by collecting data on species composition,
incidence of malaria and type of malaria etc.

Active contacts were also maintained with Vietnam via the
Nuf fie organization. A visit was made in April to the Uni-
versity in Hanoi where progress in the installation of the
Genetics Laboratory was discussed together with discussions on
the scientific aspects of the malaria programme. It is hoped
that this year a member of the genetics group from Hanoi will
be able to visit ITAL for a period of six months. It is also
possible that members of the ITAL group will visit Hanoi to
give short courses.

Genetic sexing in the Mediterranean fruitfly, Ceratitis capi-
tata (Project 135)

The use of strains exhibiting sex-linked pupal colour di-
morphism together with an automated sexing device has been
suggested as a means of sexing large numbers of pupae for
sterilization and release in insect control programmes. In the
Medfly initial cytological evidence indicates that the male is
heterogametic and that the Y-chromosome is male determining.

a. Translocations

Three lines have been isolated in which the wild-type allele
of a recessive white pupae allele (wp) was translocated to the
male-determining chromosome. These lines will be used in the
development of an automatic sexing device. The lines were
maintained in large populations with discrete generations and
no evidence of instability was observed; males emerged from
brown pupae and females from white pupae.

Larval and pupal survival are compared for the three lines to-
gether with data from +/+ and wp/wp (Table 1). Egg survival
was lowest in the T(Y-+ P)23 line and highest in the
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WP
T(Y-+ )101 line but all three lines had significantly reduced
egg hatch compared to +/+ individuals, as would be expected
for male-linked translocations.

Table 1. Fert i l i ty (%), larval (%) and pupal survival (t) for three male-linked translocations
in the Mediterranean frui t f ly , Ceratitis capitata. Means followed by the same letter
are not significantly different from each other at the 5% leve l .

Egg
hatch

Larval
survival

Pupal
survival

Overall
fitness

+/+

84.9+2.6a

82.8+1.2a

93:1+0:9b

0.654

wp/wp

80.4+3.4a

91:6+1.Ob

T(Ï-+WP)23

54.0+2.7d

42.3+3.3c

wp/wp wp/+
58.9+7.Id 98.7+1.2a

0.134 0.225

T(Y-+WP)49

80.6+2.4b

71.6+1.5b

wp/wp wp/+
56.3i3.9d 93.7+1.9b

0.325 0.541

T(Y-+wP}101

66.4+3.2c

71.2+2.8a

wp/wp wp/+
79.4+4.3c 90.4+2.2b

0.428 0.487

The low pupal survival recorded for the wp/wp pupae in the
three rearrangement lines could be related to inferior fitness
of this genotype per se and having nothing to do with the re-
arrangements themselves, therefore, the wp/wp strain was used
for the comparison of larval and pupal survival. Neither the
larval survival of the wp/wp strain nor of the line
T(Y-+ )101 was different from the control strain, the other
two lines, however, did show significantly reduced larval
survival. For pupal survival there were clear differences in
the translocation lines between the wp/wp pupae survival in
comparison with the +/+ line. Therefore the reduced pupal
survival exhibited by the wp/wp pupae in the three trans-
location lines must be correlated with the presence of the
translocation.

By taking the product of survival over the three developmental
stages, an estimate can be arrived at for the overall fitness
of males and females for the three lines. Examination of the
men overall fitness (Table 1) reveals that T(Y-+ )101 >
T(Y-+WP)49 > T(Y-+P)23.

b. Automatic Sexing

From these three lines a choice couli be made for one to use
for genetic sexing using an automatic sexing device. The
choice can be approached from two angles. It could be con-
sidered to release the sexed males as translocation hetero-
zygotes directly for population control.
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Here the total sterility of the translocation is the most
important consideration and the choice would therefore fall
clearly on T(Y-+wp)23. However, this translocation could
because of its high sterility, give problems for mass-rearing.
The alternative is to release the sexed males as fully
sterilized males following irradiation, the so-called "Combi-
fly". For this purpose the most fertile translocation line
should be used; in this case T(Y-+wp)101. The advantage of
this type of genetic sexirg in comparison with destructive
methods is that the female pupae can be returned to the colony
for colony maintenance. This could be an important economic
saving if semi-sterile translocation lines are being reared.

With the collaboration of Royal Sluis B.V., Enkhuizen, a plant
seed company, experiments were done using one of their seed
sorting machines to see if pupae could be automatically sexed
for colour. This very quickly proved to be possible at a rate
1,2 kg pupae per hour, approximately 125.000 pupae. Further
contacts with the manufacturers of the machine have indicated
with the new type of machine up to 10 kg per hour could be
sexed equivalent to 1 million pupae per hour. The machine
gives almost 100% separation on pupal colour.

c. Conclusions

These results were presented at an IAEA/FAO Seminar on the
Sterile Insect Technique for Medfly control at Tapachula,
Mexico. Considerable interest was shown and it is hoped that
next year large scale field experiments will be performed with
one of these lines in collaboration with Dr. 11. Cirio, (Rome,
Italy) and with Dr. J. Gilmore, (Honolulu, Hawaii, USA). These
field experiments will be coordinated by Dr. D. Lindquist of
the IAEA/FAO Joint Division.

Alcohol_Dehydrogenase

In Drosophila individuals exhibiting no alcohol dehydrogenase
activity, null mutants, are poisoned by larval medium con-
taining 4% ethyl alcohol. It has been suggested that this
sensitivity could be exploited for the development of a gene-
tic sexing system by linking an ADH positive allele, using a
translocation, to the male determining chromosome. The females
being homzygous null are sensitive to alcohol.
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a. Translocations

Five lines were found in which the ADH allele was translocated
to the Y chromosome (male-determining).
All the translocations show reduced survival in all stages of
development. A genetic sexing mechanism is more efficient when
the total mortality associated with a translocation is as low
as possible. Therefore we can establish a ranking of fitness
of the translocations according to their total survival and
percentage of males. This would be Y-ADH 114 > Y-ADH 16 >
Y-ADH 225 > Y-ADH 11. Translocation Y-ADH 114 would be the
best choice for use in a genetic sexing system and Y-ADH 11,
on the other hand, would be the most suitable for release as a
translocation heterozygote for population control.

b. Induction and isolation of a null mutant

To complete the. genetic sexing system, a null mutant is neces-
sary. To induce such a mutation a second series of irradiation
is being carried out. Lower doses (10 Gy (1 krad) X-rays) are
used for this induction as both males and females or even late
pupae are irradiated. The progeny from the irradiated flies
are reared in larval medium containing allyl-alcohol. This
alcohol is poisonous to positive ADH flies and thus if added
to the medium in a percentage that kills a high proportion of
them, would increase the probability of finding a heterozygous
null. This has half the activity for a normal individual and
would be at a selective advantage. The surviving F male
progeny are mated individually and then assessed for their ADH
pattern. To the present time approximately 600 F individuals
have been checked of which 3 or 4 showed deviant electro-
phoretic patterns.

Publications

ROBINSON, A.S. and C. VAN HEEMERT. Ceratitis capitata, a
suitable case for genetic sexing. Genetica _58̂  (1982): 229-237.

ROBINSON, A.S. Pseudodominance demonstrated in male linked
translocations in Ceratitis capitata. Genetica. (1982) In
press.
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Lecture^

ROBINSON, A.S. Genetic sexing in the Medfly, Ceratitis capi-
tata; from Sterile Insect Technique (SIT) to Sterile Male
Technique (SMT). Invited Lecture IAEA/FAO Seminar "Control
and/or Eradication of the Medfly by Use of the Sterile Insect
Technique (SIT) for the Latin American Region". Tapachula,
Mexico, October 1982.

FELDMANN, A.M. Genetic control studies in the Netherlands from
1970 till now. 1. Inst. of Zoology, Academia Sinica - Peking.
2. Shanghai Institute of Entomology, Academia Sinica -
Shanghai. 3. Wuhan institute of Virology - Wuhan. 4. Guangdong
Institute of Entomology - Guangzhou.

FELDMANN, A.M. Ongoing work in the Netherlands on the
selection of lines of Anopheles stephensi, refractory to
Plasmodium falciparum. 1. Shanghai institute of Entomology,
Academia Sinica - Shanghai. 2. Wuhan Institute of Virology -
Wuhan. 3. Guangdon Institute of Parasitology.

FELDMANN, A.M. Rearing single families of Anopheles stephensi.
Shanghai Institute of Entomology, Academia Sinica, Shanghai.

FELDMANN, A.M. Future work at ITAL on genetic improvement of
6-endotoxine production by Bacillus thuringiensis. 1. Insti-
tute of Plant Physiology, Shanghai. 2. Wuhan Institute of
Virology, Wuhan, 3. Institute of Plant Protection, Agricul-
tural University of Wuhan, Hubei Academy of Medical Sciences.
4. Institute of Entomology, Zhong-Shan University, Guangzhou.

ROBINSON, A.S., RIVA, M.E. Male-linked translocations in Cera-
titis capitata for irradiation and genetic control. IOBC/EEC
International Conference "Fruit Flies of Economic Importance".
Athens, Greece, November.

RIVA, M.E. and ROBINSON, A.S. Studies at the ADH locus in
Ceratitis capitata. IOBC/EEC International Conference "Fruit
Flies of Economic Importance". Athens, Greece, November.
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FOOD IRRADIATION

The research activities at ITAL in 1982 were mainly related to
the International Facility for Food Irradiation Technology
(IFFIT).

IFFIT-courses

An IFFIT Special Training Course on Public Health Aspects,
Proper Application and Control of Food Irradiation was held
from 18 January to 5 February 1982 at the International Agri-
cultural Centre, Wageningen. This course was primarily organ-
ized for officials (food inspectors) either engaged in the
administrative aspects of public health and legislation of
food irradiation, or in the management and control of pilot/
commercial scale food irradiation applications.
Twenty-one persons from nineteen countries attended this
special course and nineteen experts from nine countries and
international organizations served as lecturers and acted also
as panel members in discussion sessions.

The 4th IFFIT Inter-Regional Training Course on Food Irrad-
iation was held from 20 September to 22 October 1982 at ITAL
for twenty-two participants from thirteen developing coun-
tries.

Research activities (Project 122).

Sprat

A combined treatment of a dip in 10% sodium tripolyphosphate
and a dose of 1 kGy (100 krad) resulted in a one week ex-
tension in the shelf-life of sprat when stored at 0-2 C.

Semi-dried_Pike_perch

Combination treatments of potassium sorbate 0,1% and irrad-
iation up to 5 kGy (500 krad) could retard mould growth on the
product and extend its shelf-life over nine weeks.

Smoked_eel

The shelf-life of vacuum packed smoked eel treated with 3 kGy
was 60 days or longer when stored at 4 C.
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Nutmeg

The chemical and sensoric quality of ground nutmeg was not
affected by an irradiation dose of 5 kGy (500 krad). During
storage the highest quality was maintained, when the product
was non-vacuum packed in the following multilayered foils
(laminates): Polyester/Aluminium/Polypropylene and Cellophane/
Polyester.

White cabbage

In the first weeks of storage, using various packaging
materials and irradiation the decay of white cabbage under
simulated tropical conditions was delayed, but subsequently
increased doses promoted the spoilage. The best results were
finally obtained for the non-irradiated product packed in non-
perforated polyethylene bags.

Tomatoes

Combined treatment by hot water dipping at 45 C for 5 minutes
and subsequent gamma irradiation dose of 0,5 - 0,75 kGy (50 -
75 krad) reduced the percentage of Botrytis cinerea infection
in tomato var. "Abunda" but was insufficient to surpress calyx
moulding at the end of storage period. Thiabendazole (TBZ)
with or without gamma irradiation had no effect on controlling
the Botrytis cinerea infection.

A higher dose, up to 1,5 kGy (150 krad) and low humidity
storage is required to sufficiently reduce calyx moulding and
also to extend tomato shelf-life. Irradiation dose of 1,0 -
1,5 kGy (100 - 150 krad) with or without heat treatment de-
layed ripening and in combination with packaging reduced ex-
cessive weight loss.

The ascorbic acid and its dehydro form present in tomato were
not significantly affected at these dose levels and the con-
sumer's acceptability showed preference for non irradiated
fruits. Irradiated fruits were not significantly rejected.

Potatoes_(Bintje2

The results of a storage experiment of 1981 crop potatoes were
disappointing. There were no significant differences between
the total storage losses of radiated and non-radiated potatoes
as this year the potatoes were exceptionally sensitive to
rotting after radiation. After radiation rotting dominated
over sprouting.
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The sugar content was stable; and only after a storage of 5
months could a slight increase be seen. Irradiation treatment
had no effect on the reducing sugar. The total vitamin C
content was not affected by an irradiation dose of 0,1 kGy (10
krad).

Experiments were carried out with heat, salycilic acid, irrad-
iation and their combination to control the mould infections.
Phytophthora infestans could be prevented by a dose of 0,1 kGy
(10 krad). Phoma and Fusarium rot could only be controlled by
salycilic acid, a heat treatment or a combination of 5*, 45 C
and 0,75 kGy (75 krad).

To understand the increase of rot after irradiation the effect
of different treatments on phyto-alexine was studied. These
compounds are involved with the resistance in potatoes to
mould.

The two main phyto-alexines such as b. solavitivon and lubimin
were reduced by an irradiation dose of 0,1 kGy (10 krad).

Onions

Radiation inhibited sprouting very effectively and non treated
bags contained 91% sprouted bulbs at the end of the storage
period (Ann. Rep. 1981). Between the radiated and non-radiated
samples there was no significant difference in the number of
rotten bulbs. An irradiation dose of 0,05 kGy (5 krad) had no
effect on the total vitamin C content in onions. At the end of
the storage period there was a trial sale in a Dutch green-
grocers shop. It appeared from the inquiry that 67% of the
consumers would repurchase irradiated onions, while 25% would
not. From the comments it became clear that this 25% might be
considerably reduced by public relations.

Packaging_materials

Odour and taste transfer from packaging materials to tapwater
at irradiation doses from 0,5 up to 10 kGy (50 - 1000 krad)
during storage at 20 C and 80% R.H. was organoleptically
studied using Kramer's quick rank test.

The results showed that immediately after irradiation only the
water packed in Polythene and Nylon-Polythene had an off-
flavour at a dose of 10 kGy. After one week this off-flavour
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was only detectable in Nylon-Polythene at a dose of 5 and 10
kGy (0,5-1 Mrad).

Cooperative studies

IFFIT has so far established cooperation with seven insti-
tutions from various countries. The Pilot Plant puts its
radiation facilities at the disposal of IFFIT when partners of
IFFIT send experimental batches to Wageningen for irradiation.
In 1982 cocoa-beans obtained from Ghana have been irradiated
and sent for evaluation to England. Furthermore, two tons of
potatoes received from Poland were irradiated and returned to
the Polish partner for consumer-acceptability studies. Trial
shipmerts of irradiated samples to IFFIT from developing
countries were also encouraged.

In 1982 irradiated onions and garlic were obtained from Egypt,
irradiated white pepper and nutmeg from Indonesia, irradiated
papaya from Thailand and irradiated dates from Iraq. These
shipments provided the opportunity to evaluate che quality of
irradiated foods after long-distance transport and storage,
the suitability of packaging materials, etc. This evaluation
gives important information for a proper implementation of the
food irradiation process and its products in the international
trade.

The Pilot Plant for Food Irradiation

The year 1982 reflected for the Pilot Plant the general re-
cession in the world. Sales were 17% lower than in 1981, pos-
sibly infuenced by the increasing competition caused by the
new commercial food irradiator of Gammaster in Ede.

The future of the Pilot Plant and the prolongation of the
IFFIT project are still being discussed.

A principal decision with respect to the period 84-88 was
reached in November in that the Marketing Boards and the
government Ministries of Agriculture and Fisheries and Public
Health and Environment decided to remove the financial un-
certainty of the Pilot Plant with a guarantee on an equal
basis.
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The future scientific support for IFFIT and the Pilot Plant
has not yet been settled, but the Dutch Government accepts the
responsibility for a solution of this problem.

In cooperation with other institutes the following products
were assessed for application in practice. (Project 111).

- Spices, herbs and dried vegetables
- Froglegs, shrimps, poultry, porie, meat
- Potassium-low meat products

- Animal feedstuffs

- Fish and fishery products

- Frozen silverskin onions

- Bean sprouts, raisins

- Subtropical fruits, cereals,
cutflowers

Decontamination
Salmonella free
Enterobacteriaceae
free
pathogen free
reduction of
microbial load
reduction of
microbial load
reduction of
microbial load

disinfestation
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SYNERGISM

The model developed in previous programmes (Chadwick and Leen-
houts, The Molecular Theory of Radiation Biology 1981) to ex-
plain the action of ionizing radiation predicts that a combin-
ation of chemical mutagenic agents with radiation could lead
to a more Lhan additive response i.e. synergism. The synergis-
tic interaction proposed in the model leads to the prediction
that the radiation response in the presence of a chemical
mutagen will be enhanced and that this enhancement will apply
at low doses.

The predictions have been previously tested for cell survival
using data from the literature and have in many cases been
shown to be satisfied. To assess the relevance this syner-
gistic effect could have for radiation protection if shown to
occur at low doses the induction of mutations in the stamen •
hairs of Tradescantia flowers as biological end point has been
investigated. The Tradescantia mutation system is well esta- '
bushed in radiation biology, is sensitive to low doses (10-
100 milligray) and has been shown to be useful for the de- I
tection of chemical mutagens. t

The synergistic interaction between radiation and other muta-
genic agents (Project 133).

Tradescantia KU 9 clone, a triploid clone (2n=18) arising as a
hybrid between Tradescantia paludosa And. et Woods (2n=12) and
Tradescantia ohiensis Raf. (= T_, relexa Raf., 2n=24) and
heterozygous for flower colour was used, the normal colour of
the cells of the stamen hairs is blue and radiation induces
changes in this colour to both pink and colourless.

Counts were made of the pink and colourless mutations in the
stamen hairs of flowers blooming in the period 8-18 days after
irradiation and the mutations scored in the period 11-15 days
have been used as a measure of the mutation effect caused by
the treatment. The number of mutations per 100 hairs was b

calculated for each day in the 11-15 days scoring period and
the mutation frequency expressed as mutations per 100 hairs
was calculated as the mean of these five values. The error in
the mutation frequency was calculated as the geometric mean of
the standard deviations determined for each of the five days.
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Short cuttings of Tradescantia inflorescences were cultivated
in a buffered solution of ethyl methane sulphonate (EMS) for
2-6 hours before acute irradiation. Rooted cuttings were ex-
posed to gaseous 1,2-dibromoethane (DBE) for 6 hours before
acute irradiations or for 12 hours simultaneously with a
chronic irradiation.

Main results and conclusions are:

1. Synergism has been demonstrated for combined exposures to
either EMS and acute X-rays or DBE and acute X-rays.

2. Synergism with EMS was found to be closely proportional to
the product of radiation dose and mutagen exposure (Fig.

1).

3. Synergism after acute irradiation increased with radiation
dose, at low doses, and also with concentration of DBE
(Fig. 2).

4. Chronic irradiation with X-rays, when doses between 0,22
and 0,9 Gy (22-90 rad) were given over 6 or 12 hours re-
duced the radiation induced mutation effect from a linear-
quadratic dose relationship to a strictly linear dose re-
lationship independent of the irradiation time (cf. Fig. 2
and Fig. 3).

5. Synergism was found at low radiation doses when DBE ex-
posures and chronic X-ray irradiations were combined si-
multaneously (Fig. 3).

6. The frequency of pink mutations exposed to DBE alone was
found to be a non-linear function of DBE concentration
(Fig. 4).

In view of the fact that synergism which increases the low
dose effect of radiation induced mutations, has been found at
both low doses and low dose rates in simultaneous exposures to
mutagen and radiation it would be prudent to investigate the
possible general relevance of this phenomenon to the estimate
of radiation risk in more detail.
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Tradescantia KUg
Figure 1.

The synergistic contribution to
the mutation frequency for
total pink, single pink and
colourless mutations as a func-
tion of the product of radiat-
ion dose and ethyl methane-
sulphonate (EMS) exposure.
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Figure 2. Dose effect relationships for pink mutations induced
by 6 h exposures to three concentrations of dibrorao-
ethane (DBE) followed by acute X-ray irradiation.
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Simultaneous 12 h X-ray and DBE exposures
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Figure 3. Dose effect relationship for pink mutations induced
by simultaneous 12 h exposures to two concentrations
of dibromoethane (DBE) and chronic X-ray irradiation.
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Figure 4. The induction of pink mutations following different
exposures to dibromoethane (DBE).
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Committees

H.P. LEENHOUTS: - Chairman of the Dutch Society for Radio-
logical Protection (NVS).

- Chairman of the Inter-University Advisory
Committee on the Legal Aspects of Safety and
Environmental Protection.

- Member of the Public Health Advisory Board
concerned with ICRP Publication No. 26.

K.H. CHADWICK: - Member of the International Commission on
Radiation Units and Measurements Committee
on Photon and Electron Dosimetry at High
doses.

Consultant to IAEA Dose Assurance for In-
dustrial Processing Programme.



- 74 -

INSTRUMENTATION AND METHODOLOGY

The general task of this group in the ITAL organization con-
sists of applied research and services in the field of in-
strumentation and methodology on behalf of the research groups
within ITAL and to some extent also for other agricultural
institutions. Apart from this task, the group is responsible
for advice on the purchase of research instrumentation.
In order to optimalize the quality of the services, the mem-
bers of this group participate in the project-teams. Presently
the group consists of the following sections: Advanced Instru-
mentation, Mechanical Instrumentation, General Technical
Services, Data Processing, Greenhouse Services, Methodology.
This last section is responsible for a number of larger re-
search facilities: Flowcytometer, Massspectrometer, X-ray
generator, Soil-Plant Atmosphere Systems, Soilcolumns, Pulse-
height Analysis apparatus.

Advanced Instrumentation Section

The contamination monitor has been modernized in collaboration

with the Italian factory LABEN to monitor radioactive conta-
mination of food in the Netherlands. In order to streamline
the network operation in this system the data handling is
monitored by direct coupling to the central computer of ITAL.
Half of the total number of 102 food contamination monitors
has been tested and delivered in 1982.

Continuous attention has been paid to the further development
of bioreactor systems for plant cells.
For routine measurement of large numbers of small thermo-
luminescence dosimeters a sample changer (capacity 600) has
been developed for the National Institute of Public Health at
Bilthoven.
Within the framework of the collaboration contract with the
Technical and Physical Engineering Research Institute (TFDL)
at Wageningen a measurement system for determination of in
vivo [C-14]0 uptake has been developed for the Centre for
Agrobiological. Research (CABO), Wageningen.

Methodology

A method for the determination by massspectrometry of the
6-value, which is an expression for the slight differences in
the N-15/N-14 ratio in unenriched samples was developed for
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the Soil Biology Group. An assembly was built for the con-
version of sample nitrogen into nitrogen gas under high vacuum
conditions. A method for the determination of the C-13/C-12
ratio in albumen was developed for the Department of Molecular
Physics of the Agricultural University at Wageningen. A modi-
fication of the MAT 250 maosspectrometer permits checks to be
made for possible airleakage during sample preparation.
The automatic nitrogen analyser was improved to minimize the
risk to expensive ovenheaters.

With the flow cytometer DNA-histograms of protoplasts have
been analysed for the Molecular Genetics programme. Analytical
methods for meiotic non-disjunction in mice have been devel-
oped for the Department of Genetics of the Agricultural Uni-
versity.
Instrumentation improvements were also introduced, such as an
interfacing of the FACS computer with an HP85 personal com-
puter.

On the pulse height analyser system fission products were
determined in fish ash samples of various origins for the
Directorate of Food Quality Affairs of the Ministry of Agri-
culture and Fisheries. Counting rates above soils of the
lysimeter have been measured in situ in order to check the
uniformity of the distribution of the applied radionuclides
(see Radioecology-programme). From this set up crop samples
with low levels of radioactivity have been measured. Indus-
trial fly ash samples were analysed in order to study the
applicability for building material.

Following a request from the Technical and Physical Engin-
eering Research Institute (TFDL) an evaluation was made of pH
measurement methods in soil.

Data Processing Section

Emphasis was on the development of programming tools and
techniques. The implementation of the new ORACLE database
software is the most important of these tools.
On behalf of the Food Contamination Network in the Netherlands
the development of a database application was started.
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Mechanical Instrumentation Section

Apart from a great variety of small items the main activity
was concentrated on collaboration with the Advanced Instru-
mentation Section for the development of a large automatic
sample changer with a pure germanium detector system for gamma
measurements in samples mainly from the Radioecological pro-
gramme .

A large open water system for the breeding of mosquito larvae
for the Malaria programme has been completed. This system
involves a complex circulation and biological filtering system
for large amounts of water as well as with automatic light
control.

General Technical Services

This section is responsible for the maintenance of all tech-
nical installations, the buildings and the (radioactive) waste
disposal. Apart from the normal maintenance activities, a
start has been made on the construction of special laboratory
facilities for the Molecular Genetics programme.

Greenhouse Section

Efforts were again concentrated on general greenhouse and
climate room activities, e.g. growth of Kalanchoë plants for
the Molecular Genetics programme.
The section also participated intensively in the experiments
on soil-plant transfer of radionuclides in the lysimeter (see
Radioecology programme).
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GENERAL SERVICES

This group provides services to the research of the institute
with emphasis on personnel, financial matters, materials,
public relations, safety and security affairs.

Assisted by advisers on personnel and social matters from the
Ministry of Agriculture and Fisheries, the committee respons-
ible for the management of the institute's personnel paid a
great deal of attention to the definition of all job descript-
ions in the new organization and to the process of acceptance
of the new tasks. A considerable increase of work resulted
from the appointment of new personnel, the adaptation of
financial surveys to new norms from the accountantservice, as
well as to new requests for better programme administration,
improved working hours, holiday- and sickness registration and
the streamlining of procedures for ordering goods and appa-
ratus etc.

The Health-Physics service of the institute, which is also
responsible for general safety affairs, has been considerably
involved in the first stage of dismantling of the Biological
Agricultural Reactor of the Netherlands (BARN)» namely the
removal of the nuclear fuel-elements.

A new approach has been designed to establish safer working
conditions in close cooperation with the institute's Safety
Committee. As a result new safety regulations for entry,
laboratory work in general and in particular the use of
radiation, radionuclides, mutagenic agents and toxic sub-
stances have been worked out.

The section responsible for public relations had a very busy
year preparing the visit of the Minister of Agriculture and
Fisheries, the exhibition intended for the open days of the
institute, organizing various workshops and courses, as well
as realizing the editing of the annual report 1981 in its new
form. This section was supported by an advisory committee,
which was also a great help in organizing the previous
mentioned open days.



Miscellaneous

The Board of Governors and Advisers of ITAL met six tins»?. The
Management Committee of the Association, which manages the
contract programmes with the Commission of the European Com-
munity, met twice. Important topics for discussion in Board
and Committee were:

(1) The realization of the new topics of the programme and the
continuation of aspects of the old programme elsewhere.
In this respect the results obtained in 1982 and the
planning for 1983 received special attention.
Personnel, material and budgetary consequences of the new
task and the future long term programme were discussed.
The future of the International Facility for Food Irrad-
iation Technology and of the Pilot Plant for Food Irrad-
iation was repeatedly discussed.

(2) Attention was also paid to a programme-proposal on insect-
genetics as possible theme for future research. Although
certainly of interest to agriculture in general its re-
alization at the institute is not possible for the time
being.

(3) Collaboration with other institutes, universities and
organizations mainly in relation to Dutch efforts in the
field of plant biotechnology.

(4) The participation of the institute in various (new) pro-
grammes of the Commission of the European Community, as
well as in Dutch programmes on risks of radioactive con-
tamination of the environment.

(5) The costs, procedure, social and political implications of
the first stage of the dismantling of the Biological Agri-
cultural Reactor of the Netherlands (BARN).

(6) The scientific activities and festivities around the 25-
year jubilee of the Research Institute ITAL.

(7) The extension of facilities for the new programme. In this
respect the Board agreed on the equiping of a laboratory
for recombinant-DNA work as well as on the building of
five new laboratories.
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The institute's personnel council met eleven times. This coun-
cil functions as an advisory body to the managementteam on
matters of personnel, administration, budget and research., Im-
portant topics of discussion were the procedure for consult-
ation of the personnel when new appointments are made in the
management area, the procedure for evaluation of functioning
of the various groups within the organization, the 1983 bud-
get, the future form of the personnel council and possible im-
provements of contacts between various groups within the
staff.
Attention was also paid to the following topics: effective use
of studies and laboratories; registration of working-hours;
job-descriptions of all the personnel within the scope of the
newly set up organization; vision on the coming years' re-
search programme; automation of contract and project control.

The celebration of the 25th anniversary of the institute was
prepared and organized by a jubilee working group, consisting
of members of the Public Relation Advisory committee and of a
representative of the personnel council. A member of the per-
sonnel produced for this occasion a memorial volume, showing
many pictures of ITAL members and ex-members. The institute's
photographer recorded the dismantling of the BARN reactor.

The annual meeting of the European Society of Nuclear Methods
in Agriculture (ESNA) met in Brno (CSSR) from 6 to 11
September 1982, and was sponsored by various Czechoslovakian
institutions. The president (Prof.Dr. D. de Zeeuw) delivered
an opening address on plant biotechnology and a second speaker
(Dr. S. Prockazka) presented a report about radiotracer tech-
niques and growth correlations. The 13 working groups met
various times during the meeting and the chairpersons of the
groups reported on their groups progress at the closing
session. The last lecture of the meeting was given by Prof.Dr.
H. Glubrecht on recent developments in nuclear agriculture.
After 13 years of service the secretary Mr. P.H. van Nierop
retired and was succeeded by Dr. S. Kapor from Yugoslavia. Mr.
Van Nieiop was nominated adviser to the ESNA board. The late
Prof.Dr. K. Vas was succeeded by Dr. J. Farkas as chairman of
the Food Irradiation Workgroup, and Dr. k. Vacek succeeded Dr.
A.F. Groneman as chairman of the Waste Irradiation Workgroup.

Dutch members of the present ESNA board are Prof .Dr. D. de
Zeeuw (chairman), Dr. M.J. Frissel (also chairman of the



working group on Soil-Plant Relations) and Mr. P.H. van Nierop
(adviser).
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