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Abstract 

Harten, A.M. van (1978) Mutation breeding techniques and behaviour of irradiated shoot 
apices of potato. Agric. Res. Rep. (Versl. landbouwk. Onderz.) 873, ISBN 90 220 0667 0, 
(vii) +132 p., 23 figs, 16 tables, 380 refs, Eng. and Dutch summaries. 
Also: Doctoral thesis, Wageningen. 

An attempt was made to produce a di(ha)ploid tester clone with marker genes in an hetero
zygous condition for studies on induced mutations in potato (.Solanum tuberosum L.). 
Literature on potato mutations was reviewed. Formation of adventitious roots and shoots 
from potato leaves, leaflets and stem parts was studied in vivo. Roots formed easily, but 
adventitious shoots were very few. Techniques in vitro were more promising. After a review 
of literature on shoot apices, damage and recovery of irradiated potato shoot apices was stu
died in whole plants as well as from changes in tuber-skin colour caused by histogenic ef
fects and from microscopic slides made during a 20-day period after irradiation. 

Free descriptors: Solanum tuberosum L-, adventitious bud, shoot apex, histogenic effects, 
histogenic layers, chimerism, di(ha)ploid, tester clone, marker gene, radiosensitivity, micro
scopy, tuber-skin colour, tuber eye morphology. 

Cover picture: Electron micrograph of potato tuber eye(x 100).TFDL, Wageningen. 

This thesis will also be published as Agricultural Research Reports 873. 
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Stellingen 

1. Het door Bergann (1967) geformuleerde onderscheid tussen de begrippen 'chimère' en 
'chimeroïde' heeft vanuit praktisch oogpunt elke betekenis verloren. 

Dit proefschrift. 
F. Bergann, 1967. In: H. Stubbe (ed.). Induced mutations and their utilization. Erwin-Baur-Ge-
dächtnisvorlesungen IV (1966): 287-300. 

2. De opvatting van Dommergues (1964), dat alle cellen in een knop dezelfde kans heb
ben om te muteren, is niet logisch. 

P. Dommergues, 1964. Proc. 3rd Congr. Eucarpia (Paris), p. 115-139. 

3. De door Kuehnert (1962) waargenomen relatief geringe stralingsgevoeligheid van de 
buitenste tunica-laag bij tomaat, wordt door Hildering & Van der Veen (1966) ten on
rechte in verband gebracht met het 'outer to inner' patroon van stralingsschade in groei-
punten zoals beschreven door Miksche et al. (1962). 

G.J. Hildering & J.H. van der Veen, 1966. Euphytica 15: 412-424. 
C.C. Kuehnert, 1962. Radiation Botany 2: 81-88. 
J.P. Miksche, A.H. Sparrow & Anne F. Rogers, 1962. Radiation Botany 2: 125-129. 

4. Mutatie-inductie biedt voornamelijk een bruikbare aanvulling op meer conventionele 
methoden van plantenveredeling indien deze wordt toegepast op rassen of kweekprodukten 
die het rasstadium dicht benaderen. 

5. Zolang niet is aangetoond, dat bepaalde effecten van een mutagene behandeling geen 
genetische oorzaak hebben, dient kwalificatie van deze effecten als 'fysiologische schade' 
te worden vermeden. 

H. Gaul, 1977. In: Manual on mutation breeding (2nd ed.), IAEA, Vienna, p. 87. 

6. Verscheidene vormen van weefselkweek, met name callus-cultures en celsuspensies, 
zijn niet geschikt voor (soortechte) instandhouding en vermeerdering van plantmateriaal. 

7. Bij de domesticatie van de aardappel heeft de kleur van de knolschil slechts een geringe 
rol gespeeld. 

8. Alhoewel men zeker kritische kanttekeningen dient te plaatsen bij bepaalde aspecten 
van (grootschalige) plantagelandbouw, zowel in het verleden als nu, heeft deze vorm van 
landbouw toch positieve betekenis voor ontwikkelingslanden. 



9. De Landbouwhogeschool kan daadwerkelijk gevolg geven aan de van overheidswege 
meermalen geuite wens tot integratie van diverse vormen van hoger onderwijs door, als 
eerste stap, de 'Wageningse' propaedeutische studie onder te brengen bij het agrarisch ho
ger beroepsonderwijs. Dit zou tevens in het belang van de Landbouwhogeschool zelf zijn. 

10. Medewerkers van centrale bureaudiensten van de Landbouwhogeschool zouden enige 
tijd bij vakgroepen moeten worden gestationeerd teneinde doel en werkwijze van de Land
bouwhogeschool als instelling van onderwijs en onderzoek beter te leren kennen. 

11. Het is betreurenswaardig dat gepromoveerde Wageningse ingenieurs het gebruik van 
de ir.-titel achterwege laten. 

12. De aanduiding 'alternatief in de zgn. alternatieve landbouw slaat dikwijls meer op 
voorvechters en beoefenaren dan op methodes. 

13. De onderzoeker die in het vignet van Kniphorst's Wetenschappelijke Boekhandel te 
Wageningen het verschijnsel chimerie meent te herkennen, lijdt aan vakidiotisme. 

Proefschrift van A.M. van Harten 
Mutation breeding techniques and behaviour of irradiated shoot apices of potato 

Wageningen, 28 april 1978 



Aan Ineke en de jongens 
Aan de nagedachtenis van mijn vader 



Woord vooraf 

Het is een voorrecht en een genoegen om op deze plaats mijn dank te mogen betuigen 
aan allen die op enigerlei wijze hebben bijgedragen aan het totstandkomen van dit proef
schrift. 

Hooggeleerde Sneep, geachte promotor, uw boeiende colleges (in die tijd een grote 
uitzondering in Wageningen) hebben mijn belangstelling voor de plantenveredeling aan
zienlijk gestimuleerd. Ik ben er nog erkentelijk voor dat u mij in 1968 in de IvP-staf hebt 
willen opnemen. Uw bereidheid om als mijn promotor op te treden stel ik zeer op prijs. 

Zeergeleerde Broertjes, beste Kees, jouw aanstekelijk enthousiasme voor ons beider 
vak: de mutatieveredeling, je belangstelling voor mijn werk en je waardevolle commentaar 
op het manuscript van dit proefschrift kan ik nauwelijks op voldoende waarde schatten. 
Het schrijven van een gemeenschappelijke publikatie — een boek over mutatieveredeling 
bij vegetatief vermeerderde gewassen — heeft me veel genoegen verschaft. 

Zeergeleerde Hermsen, beste Jan. Ook jou dank ik zeer voor je waardevolle commen
taar op het manuscript van het proefschrift. Ondanks je drukbezette leven was je altijd 
bereid mij te laten delen in je rijke kennis van, en inzicht in de problemen rond de 
aardappelveredeling. Tijdens onze gezamenlijke aardappelexpeditie naar de Andes in 1974 
heb ik je extra leren waarderen. 

Waarde Bouter, vanaf het begin van mijn verblijf op het IvP heb je mij met grote ijver 
en kundigheid terzijde gestaan bij het aardappelmutatieonderzoek. Had ik aanvankelijk 
enigszins de indruk dat ik als aankomend onderzoeker en opvolger van dr. F.P. Ferwerda 
'geduld' werd, al spoedig ontstond er een goed en intensief contact. Het moet ook voor 
jou een genoegen zijn om nu het resultaat te zien van werk waarvoor je je de afgelopen 
jaren steeds ten volle hebt ingezet. 

Ook Marian Huikeshoven-Boland heeft zich steeds met grote ijver voor ons werk 
ingezet, niet alleen in de kas en achter de microscoop, maar ook achter de typemachine. 
Mijn vaak onleesbare krabbels wist ze steeds in keurige verslagen om te zetten. Beste 
Marian, zeer veel dank daarvoor. 

Bij de adventiefspruitproeven zijn verder betrokken geweest dhr. A. van Ommeren (in 
de beginjaren) en de dames Ina van Keulen-van de Ree en Marja Roothaan-Leegwater. In 
de eerste jaren van het onderzoek was ook mevr. Ingrid Weitenberg-Kruse een grote steun. 
Zeer veel respect heb ik voor de wijze waarop zij allen, ondanks de dikwijls teleurstellende 
resultaten, hun werk hebben verricht. 

Gerrit van Ee leverde als HBO-stagiair op het IvP in 1976 een bijdrage aan het micros
copisch onderzoek. 

Ir. les Bos gaf waardevolle hulp bij enige wiskundige toetsen. Dr. M.S. Ramanna 
maakte enige nuttige aantekeningen bij hoofdstuk 6 van het proefschrift. In hoofdstuk 6 
is mede gebruikgemaakt van resultaten van ir. H.A. Klunder en mevr. ir. M.P.P. de Sener-
pont Domis-Hoos, verkregen tijdens het uitvoeren van een doctoraal-onderzoek bij de 



sectie mutatieveredeling van het IvP. Ir. Guus de Vries corrigeerde de Nederlandse samen
vatting. 

Dhr. J.S. de Block corrigeerde het Engels in een deel van de teksten. Dhr. H.W. Sengers 
maakte een aantal foto's. Het bibliotheekpersoneel van het IvP, met name Mej. J.C. 
Schouten, vroeg veel literatuur voor mij aan. De heren W. van den Berg en H.C. Krechting 
verzorgden op uitstekende wijze de veld- en kasproeven. 

Mijn grote dank gaat ook uit naar de dames van de afdeling tekstverwerking van de 
Landbouwhogeschool voor het typen van het definitieve manuscript, met name naar 
mevr. E. Vrieling-Olofsen, mevr. A.W. Wigman-van Brakel en mevr. J.S. Key-van Agtmaal. 
Ondanks de zeer korte termijn waarbinnen alles moest worden afgewerkt was het resul
taat uitstekend. 

De grafieken werden getekend door dhr. G.C. Beekhof van het BGD te Wageningen en 
de raster-elektronenmicroscopische foto's, waaronder de omslagfoto, werden verzorgd 
door dhr. F. Tiel van de TFDL. 

Mevr. E.M. Brouns-Murray en dhr. RJ.P. Aalpol ben ik zeer erkentelijk voor de 
correctie van de Engelse taal en de redactie en uitgave van dit proefschrift. 

Mijn niet eerder genoemde collega's van het IvP dank ik voor de zeer prettige en 
collegiale sfeer waarin ik mijn werk mag verrichten. 

Deve Ineke en beste jongens, het zal ook voor jullie een opluchting zijn dat het 
schrijven van het proefschrift eindelijk is afgerond. Veel hebben jullie moeten verdragen 
van een man en vader die, zoals jullie zeggen, 'altijd werkt'. Jullie gerechtvaardigde opmer
kingen hebben er voor gezorgd dat ik me toch nog zo nu en dan realiseerde dat er meer 
onder de zon was dan alleen mutaties. 
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1 Introduction 

Every plant breeding programme starts with a search for suitable sources of genetic 
variation. Sometimes this part of the work simply consists of isolating an outstanding 
strain from a plant population; in other cases, promising parent plants are selected from 
existing cultivars and crossed consecutively. If genes for certain desired characters cannot ' 
be derived from such easily accessible sources, the plant breeder may, for example, turn 
to more distantly related cultivated species, or even to wild relatives. Breeding work will 
become increasingly difficult with more distant crosses, not only because of crossing 
barriers, which often exist between less related taxa, but also because undesired genes are 
introduced as well. Those undesired genes must then be removed at a later stage of the 
breeding programma, e.g. by repeated back-crossing, before an acceptable cultivar can be 
released. 

For some plant species or for certain cultivars of a species, genetic improvement by 
crossing is even further limited and sometimes completely impossible, for example 
through absolute sterility. Especially then mutations may offer the breeder a way round 
the difficulties. Mutations can be roughly described as heritable changes in the genetic 
material. According to Stebbins (1950, p. 76), they are the ultimate source of all differ
ences between two individuals. 

Although unaware of the underlying principles, plant breeders have for centuries 
exploited spontaneous mutations. Their value for breeding work has been sufficiently 
demonstrated. Positive results have also been obtained during the last decades by artificial 
induction of mutations (e.g. Micke, 1976). Indeed one should not overestimate what is 
feasible, as has often been done. Induction of mutations seems, however, a realistic 
approach in solving certain breeding problems. Stadler (1930) considered that practical 
results from mutation induction could be expected, especially in vegetatively propagated 
crops. Although this statement referred in particular to fruit trees, it can be applied 
without many restrictions to other vegetatively propagated crops like many ornamentals, 
some grasses and potato. Some special problems arise when inducing useful mutations in 
crops like potato, as many characters of economic importance inherit in a quantitative 
way and, moreover, are often strongly affected by environmental conditions. 

The potato (Solanum tuberosum L.), a crop of worldwide economic importance, is 
vegetatively propagated in common agriculture, but for breeding purposes mostly crosses 
are made. Breeding work in potato encounters many difficulties, which are caused by a 
complicated and stil largely unknown tetrasomic inheritance, by the occurrence of much 
heterozygosity, a low heritability of many important characters, poor flowering in many 
cases and often by the existence of sterility and incompatibility barriers, especially in 
crosses with wild or primitively cultivated species. 

Today most potato breeders still roughly follow breeding procedures of half a century 
ago. These old methods are rather laborious and often lead to new cultivars by good 
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fortune only. Recently some progress has been made: improved methods of screening the 
material for certain resistances, the increased use of wild and primitively cultivated spe
cies and the growing insight in potato genetics. 

Two now available approaches to potato breeding: the use of so-called dihaploids (i.e. 
haploids derived from tetraploids) and of induced mutations, have not yet been generally 
accepted, although both have been known for several decades. Already in 1935 Asseyeva 
& Blagovidova (1935) reported that X-ray treatment can provoke mutations in potato, 
but now, 40 years later, not much has been achieved in practice with this knowledge. Not 
only the limitations of the method, technical difficulties and inadequate small-scale ex
periments, it seems, have hampered the introduction of this method. Prejudices, irrelevant 
arguments and a considerable amount of conservatism among potato breeders and some 
scientists are responsible as well. 

The most serious limitations and technical problems are generally considered to be: 
the low frequency of induced mutations, especially of positive genetic changes and the 
occurrence of many chimeric plants, i.e. plants composed of both mutated and non-
mutated somatic cells or tissues. Moreover, in a number of publications reference has 
been made to the existence of a strong selection against mutated cells, which phenome
non has been indicated as diplontic selection (Gaul, 1959), or as intra-individual selection 
(Kaplan, 1953). The occurrence of undesirable pleiotropic effects, accompanying valuable 
mutations has also been reported on several occasions. 

Reliable data on the frequency of mutagenic events are difficult to obtain. Dobzhans-
ky (1970, p. 69), for example, pointed out that several factors may lead to either an 
overestimation or an underestimation of the mutation pressure if calculations are made 
either with the mutation rate of a single gene or with the total number of mutations in all 
genes of an organ. 

Mutations are single-cell events and occur more or less at random in different plant 
parts. Only mutational events in those parts from which regeneration is possible, are of 
use to the breeder. Mostly reproduction takes place by sexual methods or via existing 
axillary buds, but the application of adventitiously induced shoots in this respect may be 
also considered. A complication, especially in vegetatively propagated plants, is the layer
ed structure of young apices. For normal propagation of potato via tubers which 
develop after swelling of the apical end of subterranean stems (stolons), the different 
apical layers, which are commonly indicated as histogenic layers and denoted as L-I, L-II 
and L-III, take part in the formation of new organs to the same extent as they do in the 
parent plant. Thus a possible chimeric situation after a mutational event can be long 
lasting. 

From a breeding point of view it would be highly preferable to have mutants in a solid 
(i.e. chimera-free) condition. Efforts to limit chimerism automatically imply the limita
tion of the number of cells from which a progeny arises. For generative propagation, this 
approach is relatively simple as each new plant developes from one single fertilized egg 
cell. Another advantage of generative propagation is that in the generative phase detri
mental effects of the mutagenic treatment, such as gross chromosomal damage are se
lected against. In vegetatively propagated crops it is more difficult to obtain chimera-free 
mutants. The problem becomes less if whole plants are produced, tracing back to one 
histogenic layer only. It would be ideal if plants, derived from only one single cell, could 
be easily obtained and in sufficiently large quantities. When our work started, potato 



plants from one histogenic layer could be produced in certain cases, but suitable single-
cell methods were not available. 

Does it make any difference to the mutation frequency ( on the basis of mutational 
events per cell) which layer produces such single-cell plants? This question seems justified 
since (cells of) different histogenic layers have different physiological properties and thus, 
most probably, different radiosensitivity. Therefore the mutation rate per cell could be 
different. For a number of plant species, differences in radiosensitivity have been re
ported between different regions and also between different histogenic layers, but practi
cally nothing is known in this respect for potato. 

Differences in radiosensitivity between layers, moreover, may lead to rearrangement of 
layers and the like, a subject that has been little studied. One could imagine that cells of a 
rather radiosensitive layer, which probably carries more mutated cells, become inactivated 
or destroyed by a certain amount of radiation. Then cells of an adjoining, less radiosensi
tive part of the plant may take over. From a practical point of view the ultimate result 
could be a lower production of mutants per irradiated plant. It may well be that the type 
and amount of irradiation to which the plant material is exposed, plays a role here. Some 
authors have reported that the kind of histogenic effect is also affected by the treatment 
given. 

Some of the aforementioned problems have been studied since 1961, at the Institute 
of Plant Breeding (IvP), initially by F.P. Ferwerda and coworkers and since 1969 by the 
author and coworkers. The intention was not to produce new potato cultivars, but to gain 
more insight into the different processes involved in mutagenic treatment and to try to 
bring the mutation technique within the reach of the practical potato breeder. This 
publication reports part of this work. In Chapter 2 the present stage of affairs in potato 
mutation work is evaluated and some suggestions for further investigation are made. 

Efforts to produce a potato tester clone at the diploid (2n=2x=24) level are described 
in Chapter 3. The original idea was to use such a clone, carrying some marker genes in 
heterozygous condition, for all mutation experiments. Technical difficulties made it im
possible to produce a suitable clone in time for the other investigations planned. It 
therefore became necessary to use other material from different sources. 

Experiments to find a suitable in-vivo method to produce adventitious shoots in 
potato are reported in Chapter 4. The so-called adventitious bud technique is based on 
the fact that dissected plants parts, leaves, tubers and the like are often able to produce 
adventitious plantlets, which sometimes can be traced back to only one initial cell. If a 
mutation is induced in such a cell, the mutated plantlet will be (practically) chimera-free. 
The best-known early example of a one-cell origin of such plantlets was reported by 
Naylor & Johnson (1937) for Saintpaulia ionantha. Sparrow et al. (1960) observed that in 
this way solid mutants can be produced. However, Broertjes of the Institute of Atomic 
Sciences in Agriculture (ITAL), Wageningen, demonstrated the practical applicability of 
this method for mutation breeding work in a considerable number of ornamental plant 
species (mainly Gesneriads). The theory behind adventitious bud formation is summa
rized in the introduction to Chapter 4. 



Eigenheimer and Rode Star, was occupied by the bud sports Blauwe Eigenheimer and 
Bonte Rode Star in the Province of Friesland in the Netherlands. 

According to Krantz (1951) 15% of the certified seed production of commercial 
cultivars in the USA in 1951 was reported to come from bud sports. Those sports 
displayed a change in tuber skin, i.e. either towards a russet structure or a different 
colour, more appreciable to the consumer. In 1959, the acreage of bud sports had risen to 
about 35% as Heiken et al. (1963) concluded from a survey by Turnquist (1960). A 
rough estimation of the situation in the Netherlands indicates that never more than 1% of 
the total acreage there has been covered with cultivars obtained from bud sports. 

It is not feasible to record all reports about bud sports in potato. It may suffice to 
refer, in addition to the work already mentioned, to the publications of Salaman (1931), 
Miller (1954), Swaminathan & Howard (1954) and Heiken (1960). In general, most 
mutations referred to aberrations in general appearance, in leaves, flowers or tubers. 
Especially changes in tuber-skin colour and skin structure (russeting) have been reported. 
It seems that in early reports, symptoms of virus attacks and bud sports must have been 
occasionally mixed up. Already East (1908) mentioned this complication. In a later 
publication East (1910) suggested that careful observation of the plant might lead to the 
discovery of variation in other characters than, for example, colour of tuber skin. Dorst 
(1924) advocated selecting for bud sports with agricultural value during maintenance 
breeding. 

As said before the frequency of spontaneous mutations is very low. East (1912) 
discovered only 12 clear cases in 100.000 hills. Folsom (1923) found only 5 leaf mutants 
in more than 350.000 plants. The frequency of mutations, of course, depends on the 
number and kind of characters examined and probably on the degree of heterozygosity of 
the characters studied (Dorst, 1924). Different characters may have different mutation 
rates. This subject was studied by Heiken (1960) who found spontaneous aberration rates 
ranging from 1.5 x 10"3 (for so-called bolters in certain cultivars) to 1.2 x 10"s (for 
certain foliage mutants). Such data, of course, have only a limited value. 

A point of scientific as well as practical importance was made by von Rudno (1925), 
who suggested that mutation of only one 'hereditary unit' might result in a change of 
more than one plant character and thus indicated the possible occurence of pleiotropic 
effects. In fact a sport with simultaneous loss of tuber-skin colour, change of sprout 
colour and change of leaf shape was reported as early as 1921 (McKelvie, 1921). 

There is no doubt that in the past, but also today, many bud sports of possible 
agricultural value have been lost, either by negligence or because during breeding for 
maintenance it is common practice to discard all aberrant types (Miller, 1954). 

2.2 Mutations and chimerism 

As stated in the first chapter chimera formation is a common phenomenon after 
mutation induction. Especially in vegetatively propagated plants chimeric structures may 
be often very persistent and troublesome. The cause is found in the multicellular and 
layered structure of different plant parts in which mutations occur. The existence of a 
kind of layered structure in the potato shoot was suggested on anatomical grounds by 
Artschwager (1918, 1924) and later confirmed, e.g. in apices treated with colchicine 
(Baker, 1943). 



Already Carrière (1865) reported that some bud sports cannot be reproduced by seed 
and East (1917) explained this finding by the existence of periclinal chimeric structures. 
He was aware that germ cells are restricted to the subepidermal layer. Dorst (1924) 
mentioned that only mutations present in the subepidermal layer can be propagated 
generatively. 

The layered structure of the shoot apex and of tissues derived from it explains how a 
plant with a mutation affecting one cell usually becomes a more or less stable periclinal 
chimera via the intermediate stage of a mericlinal chimera (J^rgensen & Crane, 1927). 
Contrary to this opinion, Salaman (1925,1931) believed in a mosaic arrangement of both 
mutant and normal cells. It is now accepted that such mosaics are very rare, as is also the 
case in vegetatively propagated plants with 'real' sectorial chimeras. 

Asseyeva (1927) concluded that, assumedly, the overwhelming majority of bud sports 
in potato, and very probably also in other vegetatively propagated plants are periclinal 
chimeras. Asseyeva developed the eye-excision technique, a method for the production of 
new sprouts from endogenous plant tissues, thus revealing the genetic nature of such 
deeper zones. In this way the periclinal nature of certain mutated characters could be 
identified as such. The best known example of this is the so-called 'Kostroma' leaf-mutant 
in the, then well-known cultivar Richters Imperator. In a footnote Asseyeva added that 
mutations do not have to be confined to outer layers only. In a later publication Asse
yeva (1930) stated that relatively more mutations occur in the outer layers, although she 
did not substantiate this remark. 

2.3 Induced mutations 

2 3.1 Prelim inary remarks 

After plants have been treated with mutagenic agents like X-rays, neutrons or chemi
cals, normally two different groups of effects are distinguished; firstly so-called primary 
injury or physiological damage and secondly genetic changes or mutations. Examples of 
the first group of effects are: direct damage to cell walls or cell contents, arrest of mitotic 
divisions, inhibition of apical dominance, low-dose growth stimulation and several effects 
qualified as histogenic. 

Especially in early literature, it is sometimes difficult to make out whether after 
irradiation the author indeed obtained mutations or erroneously referred to effects of a 
non-heriditary nature. This complication applies particularly to literature on vegetatively 
propagated crops like potato. Even after some cycles of vegetative propagation.it is still 
hard to say whether real mutations were induced. As an additional complication scoring 
of mutations is often hampered by the fact that symptoms of different virus attacks may 
have the appearance of a mutation. In mutation experiments only healthy and virus-free 
plant material should be used, but this point has been neglected by many investigators. 

23.2 Early reports 

Potatoes were treated with X-rays for the first time by Jacobson (1923), Johnson 
(1928, 1937) and by Sprague & Lenz (1929). Jacobson (1923) reported considerable 
increase in yield and larger tubers in two different cultivars. Johnson (1928) who adminis-
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tered a 'low' (whatever that may mean) dose of X-rays to tubers of cv. Early Ohio, 
observed increased tuberization but lower tuber weights. Sprague & Lenz (1929), treating 
tubers of the cultivars Irish Cobbler and Green Mountain with 400-1200 R of X-rays, on 
the other hand obtained fewer but larger tubers and a somewhat higher total yield. No data 
were given about the number of tubers that had been treated. Mutations for tuber - or 
foliage characters were not reported. Johnson (1937) in experiments with the so-called 
Colorado wild potato (S. jamesii) found increased tuberization and increased weight per 
hill and per tuber after exposure to 1500 R of X-rays. There is no definite proof that the 
effects described were of a permanent genetic nature. 

. The first reliable experiment was carried out by Asseyeva & Blagovidova (1935). Four 
cultivars were X-irradiated with doses between 500 and 8000 R. Per cultivar a total of 
390 tubers was treated. Altogether 23 foliage mutations were obtained: 10 in cv. Prof. 
Wohltmann but none in cv. Epicure. According to Heiken (1960), Asseyeva & Blago
vidova (1935) also tested the mutagenicity of several chemical agents, but apparently 
without succes. 

If one excludes colchicine work and a report from Demidovic (1934), who claimed 
that storage of true potato seed for 5 years induces more mutations than any other 
method, no further mutation research on potato was reported till 1950. At that time 
Sparrow & Christensen (1950) described the inhibiting effect of X-rays on sprouting of 
potato tubers. Stanton & Sinclair (1951) treated their material with 32 P and described 
morphological changes in the leaves. They also reported that the apical area of the shoots 
displayed a higher radiosensitivity than other plant parts. Hagberg & Nybom (1954), who 
used 32 P and X-rays in small-scale experiments, obtained morphological changes lasting 
through different cycles of vegetative propagation (commonly indicated as vMi, vM2, 
etc.). 

With the work of Heiken in Sweden around the sixties, which will be discussed in 
other sections, the period of non-directed orientation work can be considered at an end. 
With this work true start was made to apply mutation techniques in potato breeding. 

2.3.3 The starting material 

Practically all mutagenic treatments of potato in the past have been performed on 
whole tubers or tuber halves (the other half being used as control). Tubers are mostly 
divided longitudinally according to the method of Asseyeva (1927). Nayar & Dayal 
(1970) on the other hand used rose (apical) and heel ends. Howard (1970) has repeatedly 
used rose ends only. Dormant as well as sprouting material is treated. The use of dormant 
tubers normally leads to a lower amount of chimeric plants, but sprouting tubers may 
produce higher mutation frequencies (Heiken, 1960). 

There is a great deal of variation about the age of the treated tubers. Sometimes very 
small, premature tubers are used, sometimes tubers are irradiated immediately after har
vesting. Occasionally experiments are conducted with tubers that have been stored for 
several months. Gradually researchers found that treatment of smaller structures like 
young tubers, tuber parts, single-eye pieces, cuttings or adventitiously developed shoots, 
is more advantageous from several points of view: the amount of 'bulk' to be handled is 
reduced, large quantities of material are treated more uniformly and chimerism is re
duced. 
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Fig. 1. Scooping spoon, scooped-out tuber and tuber eye-pieces as used for mutation experiments at 
the Institute for Plant Breeding (IvP), Wageningen. 

Single-eye pieces (see Fig. 1) were used by Ferwerda (1965), Umaerus (1966), van 
Harten (1970), van Harten et al. (1973) and Upadhya & Purohit (1973)1. In experiments 
on chimerism, van Harten et al. (1972) started from eye-excised tubers which were 
sectioned into an apical, middle and stolon part in order to check the behaviour of the 
respective sections. The advantage of using eye-excised material is the initiation of (adven
titiously developed) organs from a reduced number of cells. Miedema (1973a) irradiated 
tubers slices on which young sprouts initiated adventitiously on roots which themselves 
had been developed adventitiously on the tuber slices. Rooted cuttings were used by 
McCrory&Grun(1969). 

Since 1974 unrooted cuttings from which the root area is inserted into a piece of lead 
during irradiation, are used at the IvP. This method is to be preferred if tuber production, 
for example of dihaploids, is low and time has to be saved. Another positive point of 
using cuttings is the uniformity of the starting material. In addition to vegetative parts 
also seed and pollen have been treated on several occasions and for different purposes. 
This work will not be discussed here. 

1. Upadhya & Purohit erroneously reported that the method using tuber tissue plugs comes from 
Rappaport et al. (1965). As a matter of fact, Ferwerda (1965) reported on this method at a 
FAO/1AEA meeting in 1964. He adopted it several years earlier from the common practice in the 
Netherlands to use potato plugs in phytopathological tests, where it had already been applied for 
several decades. 



Practically all mutation work has been performed with the common, tetraploid potato. 
In 1964 Ferwerda (cf. van Harten & Bouter, 1973) irradiated dihaploids and secondary 
dihaploids. Some other preliminary work with potato material at several levels of ploidy 
has been reported by Gomes Cuervo & Nelson Estrada (1972) and by Moreno & Nelson 
Estrada (1973). An experiment involving 150 X-irradiated, whole small-sized, dihaploid 
tubers of cv. Désirée was published by van Harten & Bouter (1973). During a period of 
8 months all emerging sprouts were dissected ('milked') when about 3 cm and planted 
individually. Especially the latest developing sprouts are in majority of adventitious orgin 
arid produce higher frequencies of non-chimeral mutants. 

It is only a matter of time before shoots and plantlets, obtained from cultures in vitro 
of different kinds of potato material, are used in mutation programmes. The results of a 
co-operative programme between ITAL and the IvP will soon be published. Techniques 
have been described by Roest & Bokelmann (1976). 

2.3.4 Mutagenic treatments 

During the years many different mutagenic agents have been applied. In the beginning 
mostly X-rays, 32 P and, to a smaller extent, 7-rays were used in a wide range of doses, 
dose rates and concentrations. More recently neutrons have been administered and in a 
still increasing number of cases also different chemicals. Unfortunately data are often not 
exact, especially in early literature. 

For X- and 7-rays, doses range from 400-10.000 R for vegetative parts, 2000-3000 R 
being the doses preferred by most workers. Usually 8000-10.000 R is lethal. The effect of 
dose rate has not often been studied, although it seems that the rate of survival, the 
mutation frequency and the amount of chimerism can be affected in this way (McCrory 
& Grun, 1969; van Harten et al. 1972; Mezentzev & Yashina, 1971,1973). Considerable 
differences in response have been noted between different cultivars and different physiol
ogical stages. M Co or 137Ce sources have been used for acute 7-treatments of potato 
(Heiken 1961; Benvenuti et al. 1963; Mezentzev, 1970; Kaneko, 1975). Essential differ
ences in effect between X-rays and 7-rays have not been reported 

Plants have been irradiated with fast and thermal neutrons, for example by Solomko 
(1965a), van Harten et al. (1972), Gomes Cuervo & Nelson Estrada (1972) and Miedema 
(1973a). Doses and dose rates used were very different, the outcome also depending on 
the reactor used. The relative biological effectiveness (R.B.E.) of neutrons normally is 
higher than 1. In one of our experiments, for example, (van Harten et al., 1972) a treat
ment of whole tubers of cv. Désirée in the BARN reactor of ITAL produced 24% of 
visible mutants after exposure to 810 R of fast neutrons. For a comparable effect at least 
2000 R of X-rays would be required, i.e. the R.B.E. of fast neutrons is 2 or 3. Reports on 
other physical agents like high-energy protons, different radio-isotopes and ultraviolet 
rays are relatively scarce (Jauhar & Swaminathan, 1967; Tarasenko, 1977). 

Much work with chemicals has been done in Russia, for example by Korableva (1961), 
Tarasenko (1965), Solomko (1965) and many others, but reports are hardly accessible. 
Ferwerda (1965) and Umaerus (1966) were the first to apply ethyl methanesulphonate 
(EMS) solutions, which were pipetted on the tuber eyes at concentrations of for example 
1.5%. EMS has remained the most widely used chemical agent although several others like 
ethylene imine (EI), diethyl methanesulphonate (DES), N-nitroso-methyl urethane 
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(NMU) etc., have been mentioned (Nayar & Chauhan, 1968; Jauhar, 1969a,b; Pavek, 
1972, Upadhya & Purohit, 1973, Upadhya et al., 1974a,b). Again concentration, duration 
of treatments, temperature, buffer etc. were different. As up to now results have been 
rather inconclusive, it seems premature to discuss experimental conditions in detail. 

Finally it has to be kept in mind that because of physiological effects in vMi, no 
conclusion can be made about mutation rates after analysis of vMi only. Kukimura & 
Takemata (1975) recently presented evidence that radiation damage, after treatment with 
7-rays, was also transmitted to vM2. 

2.3.5 Types of induced mutation 

Most cases in which the induction of mutation has been proved beyond doubt, con
cern genetic changes of morphological characters, such as size, shape and colour of the 
foliage or the subterranean parts. 

The work of Heiken (1960) has confirmed that most mutations manifest themselves as 
periclinal chimeras and, in many cases, apparently show pleiotropic effects. (N.B. In prac
tice it is difficult to distinguish between pleiotropic effects and close linkages of genes.) 
Most induced mutations have a negative effect ('loss' mutations). A first example of 
something being 'gained' is the induction of increased pigmentation in the corolla, again 
reported by Heiken (1960). The same author also made valuable observations and re
marks about the practical application of irradiation in potato breeding. He further found 
that even drastic morphological mutations do not necessarily lead to inferior plants from 
a breeding point of view. Heiken did not observe differences between the spectra of 
spontaneous and induced mutations. Unfortunately his work did not yield mutations of 
direct practical value. 

The induction of mutations for earliness, increased resistance to different diseases and 
increased starch content of the tubers has been reported by Solomko (1962, 1965a). 
Kishore et al. (1963) found that after X-irradiation 19 out of 55 plants were more 
resistant to Phytophthora infestons. However this material was tested only during one 
vegetative cycle. Some induced restistance against leafroll-virus was reported by Rudorf & 
Wöhrmann (1963) in vM3, which authors did not think much of mutation breeding as a 
method of practical value. Induction of earliness and increased starch production was 
reported by Tarasenko (1965) and Kukimura & Takemata (1975). Umaerus (1966) found 
tubers which were less discoloured after cooking. A promising mutant with shorter sto
lons was obtained by Roer (1967). This mutant could not be further utilized because this 
positive change was accompanied by cracks in the tubers. 

Jauhar & Swaminathan (1967) induced shallow eyes and an improved tuber-skin 
colour in two important Indian cultivars. According to Upadhya (1976, pers. commun.) 
those clones unfortunately were lost. So-called 'hooded eyes' were found by Udai Singh 
(1970). Upadhya et al. (1974a) obtained day-neutrality in several Indian potato clones. 
Their efforts to induce resistance against bacterial wilt yielded no results. The same work 
has been discussed by Kishore et al. (1975). 

Ferwerda, whose work unfortunately has been buried mainly in internal reports only 
(see van Harten, 1970 and later), demonstrated for several important Netherlands cul
tivars like Bintje, Désirée and Burmania that induced mutations may affect practically 
any plant character and may work in opposite directions, for example towards increased 
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