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STELLESfGEN 

1. Door een gewasbespuiting met gibberellinezuur en een aan het ras aangepast 

bewaartemperatuurregime kan de kiemrust van aardappelpootgoed aanzienlijk worden 

verkort en kunnen tegelijkertijd de verschillen in kiemrustduur tussen rassen 

teruggebracht worden van enige maanden tot enkele weken. 

-Dit proefschrift. 

2. Onder Nederlandse omstandigheden heeft de temperatuur tijdens de knolgroei 

nauwelijks effect op de kiemrustduur van aardappelpootgoed; wel belangrijk is de 

temperatuur vanaf de loofdoding. 

-Dit proefschrift. 

3. Bij aardappelknollen verschilt de optimumtemperatuur voor spruitgroei van de 

temperaturen die gunstig zijn voor opheffing van kiemrust. Dit feit is in het verleden 

ten onrechte vaak verwaarloosd bij de opzet en interpretatie van onderzoek naar het 

effect van bewaartemperatuur op kiemrust. 

-Dit proefschrift. 

4. Opheffing van kiemrust en fysiologische veroudering van aardappelknollen zijn deels 

verschillende processen, waardoor behandelingen die de kiemrust het sterkst bekorten 

niet noodzakelijkerwijs behoeven te leiden tot de meest gevorderde fysiologische 

leeftijd en daarmee de grootste groeikracht bij het poten snel na de oogst. 

-Dit proefschrift. 

5. Verkorting van de kiemrust via een gewasbespuiting met gibberellinezuur en 

aangepaste bewaartemperatuurregimes ten gunste van vroege export van Nederlands 

aardappelpootgoed zal tot logistieke aanpassingen bij de teelt, opslag, keuring en 

vervoer moeten leiden. 

6. De positieve invloed van perioden met een hoge instraling en lage nachttemperatuur 

in het najaar op het suikergehalte (op basis van het versgewicht) van suikerbieten 

moet vooral toegeschreven worden aan een verlaging van het watergehalte van de 

bieten en niet aan een toename van de hoeveelheid suiker per biet. 



7. Uit het oogpunt van ammoniakvervluchtiging en nitraatuitspoeling in beweid grasland 

is een onbemest gras/klavermengsel niet milieuvriendelijker dan een met behulp van 

kunstmest even produktief grassenbestand zonder klaver. 

8. Na de relatief grote aandacht voor opbrengstverhoging in het consumptie-

aardappelonderzoek voor de (sub)tropen, dient de aandacht nu verlegd te worden 

naar post-harvest onderzoek. 

9. Een toegepast onderwijselement statistiek, deels in plaats van en deels bovenop het 

huidige onderwijsaanbod van de vakgroep Wiskunde, is onontbeerlijk voor een goede 

opleiding van landbouwkundige onderzoekers. 

10. De aanstelling van assistenten in opleiding met behulp van externe financiele 

middelen is op termijn niet in het belang van de assistenten in opleiding, de 

onderzoeksinstellingen en de geldschieters. 

11. Het is niet reeel om verdere economische groei te verdedigen met het argument dat 

de extra vrijkomende middelen mogelijkheden scheppen voor de financiering van 

milieuverbeterende maatregelen. 

12. Het verdient overweging om ten gunste van het lange-termijnbeleid de perioden 

tussen verkiezingen tenminste te verdubbelen. 

13. Een vermeend tekort aan tijd is een zeer belangrijke oorzaak van milieuvervuiling. 

14. Het begin- en eindsignaal van een sportwedstrijd, in het bijzonder een 

voetbalwedstrijd, markeren een periode met een markante norm- en 

gedragsverandering van mensen. 

15. De hedendaagse akkerbouwer is niet van gisteren en zal er alles aan doen geen 

verleden tijd te worden; hij verdient daarbij wel een beleid met duidelijke 

toekomstperspectieven. 

Proefschrift M.K. van Ittersum 

Dormancy and growth vigour of seed potatoes 

Wageningen, 6 november 1992 



ABSTRACT 

Ittersum, M.K. van, 1992. Dormancy and growth vigour of seed potatoes. Doctoral thesis, 

Wageningen Agricultural University, Wageningen, the Netherlands, X + 187 pp., English and 

Dutch summaries. 

Dormancy is an important property of seed potatoes. Seed tubers planted too soon after their 
harvest do not produce plants because of dormancy, or produce low yields because of poor growth 
vigour. Potato tubers from the same cultivar vary in their duration of dormancy. The first aim of 
the research reported in this thesis was to predict the end of seed tuber dormancy, and to explain 
the variation in the duration of dormancy. The second aim was to investigate ways of curtailing 
the dormancy and of advancing the growth vigour of seed tubers. Tubers harvested when 
immature were used in the study. 

After haulm pulling, the length of the axis and the number of leaf primordia of the tuber buds 
did not change during dormancy, and therefore these characteristics cannot be used to quantify 
dormancy. The longer tubers had been kept in storage, the stronger their sprouting response to a 
dormancy-breaking treatment with a growth-stimulating substance. This indicates that the intensity 
of dormancy is not constant during the dormancy period. It is concluded that this response might 
be used to predict the end of dormancy, but more research is necessary to develop such an 
application. 

The variation in duration of dormancy within a seed tuber lot depended on the cultivar and was 
large. In cv. Diamant, this variation was found to be related to variation in tuber weight, date of 
tuber initiation and the position of the tuber on the plant during its growth. The effect of growth 
conditions such as nitrogen, temperature, light intensity and photoperiod on dormancy of progeny 
tubers was minor, but the effect of storage conditions immediately after the harvest was major. 

Dormancy was greatly shortened by a foliar spray with gibberellic acid applied shortly before 
haulm killing, and by storage regimes with low temperatures (2 °C) and even much more so by 
those with high temperatures (28 °C). The growth vigour of the tubers was greatly advanced by 
both a foliar spray with gibberellic acid and by storage at 28 °C. The effects varied from a single 
week up to several (>3) months depending on the duration of dormancy of the cultivar, whether 
one or both treatments were used, and on whether a storage regime with a low or high 
temperature was opted for. The treatments offer very good prospects for improving the 
performance of seed potatoes that have to be planted soon after harvest. 

Keywords: ageing, 6-benzylaminopurine, bud, cultivar, daylength, dormancy, gibberellic acid, 

growth vigour, heat sprouting, irradiance, light intensity, nitrate, nitrogen, photoperiod, 

physiological age, potato, primordium, rest, second growth, seed potato, seed tuber, shading, 

Solanum tuberosum L., sprout growth, sprouting, stolon, storage, temperature, tuber initiation, 

tuber weight 

Reference to the contents of Sections 2.1 and 4.2 and of Chapters 3 and 5 should be made by 

citing the original publications. 



WOORD VOORAF 

De fysiologische veroudering van aardappelpootgoed heeft reeds lang internationaal de aandacht 
van onderzoekers. In Nederland is sinds het einde van de jaren zeventig in het kader van de 
werkgroep "Groeivermogen van pootaardappelen", onder voorzitterschap van dr. ir. D.E. van der 
Zaag, opnieuw veel onderzoek verricht omtrent dit onderwerp. Op de vakgroep Landbouw-
plantenteelt en graslandkunde (LUW) deden dr. ing. K. Scholte en prof. ir. L.J.P. Kupers 
onderzoek naar de fysiologische veroudering van aardappelpootgoed onder invloed van 
verschillende temperatuur- en lichtregimes en naar een toets ter karakterisering van de 
verouderingssnelheid van de diverse aardappelrassen. Het onderzoek was vooral gericht op 
bewaarperioden zoals die gebruikelijk zijn onder Nederlandse omstandigheden. In 1987 
formuleerde Scholte een projectvoorstel waarin de kiemrust en de groeikracht van aardappel­
pootgoed na kortere bewaarperioden centraal stonden. Dit resulteerde in het onderzoek zoals 
beschreven in dit proefschrift. De eerste proefplannen en resultaten van het project werden 
uitgebreid besproken in de eerder genoemde werkgroep, die echter in 1989 zijn activiteiten 
beeindigde. 

Een proefschrift is niet het werk van e"e"n of enkele personen, maar dat van een heel team. Graag 
wil ik een ieder die op enigerlei wijze heeft bijgedragen aan het totstandkomen van dit proefschrift 
van harte bedanken! Een aantal mensen wil ik in het bijzonder noemen. 

Dr. ing. K. Scholte ben ik veel dank verschuldigd. Klaas, jouw enthousiaste begeleiding tijdens 
mijn promotie-onderzoek werkte zeer stimulerend. Ik maakte dankbaar gebruik van je kennis en 
ervaring met het onderwerp van studie. Je nuchtere kijk op de zaken was vaak van grote waarde, 
vooral wanneer de dingen anders liepen dan verwacht. Je nauwgezette commentaren op de 
manuscripten waren altijd zinvol. 

Mijn promoter prof, dr.ir. P.C. Struik dank ik hartelijk voor zijn bijzonder stimulerende 
houding en voor het feit dat hij immer bereid was een gaatje te maken in zijn voile agenda. Ik kan 
me niet herinneren dat ik ooit langer dan Sen weekend heb moeten wachten op een gefundeerde 
reactie op mijn manuscripten. Paul, het is voor mij een eer bij jou te mogen promoveren. 

Mijn co-promotor dr.ir. J. Vos bedank ik voor zijn kritische inbreng tijdens de discussies en 
voor het becommentarieren van mijn verhalen. Tevens bedank ik prof. ir. L.J.P. Kupers voor zijn 
belangstelling voor het onderzoek en zijn bijdrage aan de discussies gedurende de eerste jaren van 
het project. 

Prof. dr. L.H.W. van der Plas dank ik voor het kritisch doornemen van een aantal 
manuscripten. Drs. K.J. Hartmans bedank ik voor het mogen gebruiken van haar 
literatuurmappen. Drs. J. Oude Voshaar ben ik zeer erkentelijk voor zijn adviezen met betrekking 
tot de statistische analyses, die zijn beschreven in Hoofdstuk 3. 

Vele studenten en stagiair(e)s hebben meegewerkt aan het onderzoek. Zij maakten het niet 
alleen mogelijk om ongeveer 4.000 monsters a 30 knollen veelvuldig te controleren op kieming, 
maar vooral ook droegen zij bij aan discussies en aan plezier in het werk. Frank Aben, Jan 
Willem Berendsen, Wim Bos, Abco de Buck, Tonnie Engels, Allard Jukema, Geert-Jan Molema, 
Zeger van Oudheusden, Wim Stegeman, Jeen Sijtsma Poll, Marco Theunis en Cor de Vrieze 



hebben aan het onderzoek meegewerkt in het kader van een afstudeervak landbouwplantenteelt of 
produktkunde. Elco van Doom, Erik Nijkamp, Geoffrey Rikken, Piet van der Kooi, Siebert 
Sattler, Dirk-Jan de Brouwer en Annabel Rutjens deden dit tijdens een stageperiode voor een 
Agrarische Hogeschool of de Middelbare Laboratoriumopleiding te Arnhem. Tevens hebben Elco 
van Doom en Jan-Peter de Jong als tijdelijke medewerkers een belangrijke bijdrage geleverd aan 
een aantal experimenten. Allemaal hartelijk bedankt voor jullie inbreng! 

Dr.ir. C.J. Keijzer van de vakgroep Plantencytologie en -morfologie dank ik voor de mogelijk-
heid in samenwerking met hem het morfologische gedeelte van het onderzoek te kunnen uitvoeren. 
Het Broekemafonds ben ik zeer erkentelijk voor het toekennen van financiele steun voor dit 
gedeelte van het onderzoek, waardoor Andre* Maassen mee kon werken aan de morfologische 
metingen. Andre* bedankt voor je nauwgezette werk. 

De medewerkers van het proefbedrijf van de vakgroep onder leiding van ing. L.A. Mol bedank 
ik voor de prima verzorging van de veldproeven en de plezierige samenwerking. Voor de 
verzorging van de kasproeven dank ik dhr. Jan van der Pal. De heren Ton Blokzijl en Herry 
Theunissen waren steeds paraat bij vele technische klussen, varierend van het maken van stellages 
voor vele honderden eierrekjes tot het installeren van de datarecorder. Hennie Halm bedank ik 
voor de chemische analyses en de lach tijdens het werk. 

Een aantal experimenten en de vermeerdering van het pootgoed vonden plaats op het 
proefbedrijf van de LU te Swifterbant, de Ir. A.P. Minderhoudhoeve. Ik bedank ing. Kees 
Claassen en dhr. Johan Jorink en de overige medewerkers van het proefbedrijf voor de prima 
verzorging van de proefvelden. Dhr. Daan Dees dank ik voor de mogelijkheid een experiment in 
Zeeuws-Vlaanderen uit te voeren. 

I would like to express my deep gratitude to Mr Shimon Warshavsky from the Experiments 
Department of Hevel Ma'on Enterprises, Negev in Israel, for making it possible to lay out two 
experiments in the Negev, which were of great value to the project. I also thank 
Mr M. Maharshak for his skilful help and the people of the kibbutz Ze'elim for taking care of the 
experiments, sometimes under very difficult circumstances (January 1991!). Shimon and Gigi, 
thanks a lot for your hospitality and friendship! 

Mevr. J. Burrough-Boenisch corrigeerde op nauwgezette en leerzame wijze de Engelse tekst van 
een aantal hoofdstukken. 

Ik bedank het NWO voor de subsidising van mijn beide reizen naar Israel in december 1989 en 
1990. ICI Rotterdam dank ik voor het beschikbaar stellen van gibberellinezuur. Het LEB-Fonds 
en het Broekemafonds ben ik zeer erkentelijk voor het verlenen van subsidies voor het drukken 
van dit proefschrift. 

Jody, dank-je-wel voor je steun en enthousiasme! 

Vier jaar onderzoek aan 66n facetje van de aardappel gaven mij s&ms het gevoel dat de knollen 
mij uitlachten, sdms het gevoel er iets van te begrijpen en v44k: wat zit ook een aardappel 
wonderlijk en ingewikkeld in elkaar! 

Martin 



NOTE 

Most of the papers included in this thesis are in press or have been accepted by Potato Research, 

American Potato Journal or Netherlands Journal of Agricultural Science. As presented in this 

thesis they differ from the original papers in the following ways: 

1. the 'keywords' of the individual papers have been combined into one list at the end of the 

'Abstract'; 

2. the acknowledgements are given in the 'Woord vooraf; 

3. the 'References' of the individual papers, the general introduction and the general discussion 

have been combined into one list; 

4. in Sections 4.2.1 and 4.2.3, the terms 'working hypothesis' and 'general discussion' have been 

added; 

5. in Sections 5.2 and 5.4, Fig. 1 and Fig. 3 have been added; 

6. some very minor changes were made to standardize presentation. 

I thank the editorial boards of Potato Research, American Potato Journal and Netherlands Journal 

of Agricultural Science for their kind permission to include the papers in this thesis. 
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GENERAL INTRODUCTION 



GENERAL INTRODUCTION 

The potato crop and its propagation 

The potato (Solanum tuberosum L.) originates from the Andes in South America, from where it 

was introduced into Europe in ca 1570. Nowadays, the potato is grown in more than 70 % of all 

countries, which means in more countries than any other food crop except maize. The total area 

cropped to potato is ca 18 million ha per year (FAO, 1990). During the last decades, world potato 

production has been gradually shifting from the industrialized to the developing countries and 

from the temperate to the tropical and subtropical countries (FAO, 1990; Horton & Anderson, 

1992). After wheat, rice and maize, potato is the world's fourth important crop for human 

consumption in terms of annual production which amounts to about 280 million tonnes (FAO, 

1991). Thus, the potato is the world's most important non-graminaceous crop and the most 

important crop with a perishable yield. 

Generally, the potato is propagated vegetatively by means of tubers. A tuber is a greatly 

shortened and thickened stem that bears scale leaves with axillary buds. The physiological 

properties of a tuber change with time; this is reflected in a changing sprouting behaviour. Since 

the real time scale of changes in the sprouting behaviour differs between cultivars and is 

influenced by storage conditions, the term 'physiological age' of tubers is commonly used (Reust, 

1986). The physiological age of a planted tuber is reflected in its growth vigour (Van der Zaag & 

Van Loon, 1987). The growth vigour of a seed tuber is defined as its potential to produce a well 

developed plant within a relatively short (and defined) period of time. 

Potato tubers have a dormancy period during which they show no sprout growth and their 

growth vigour is zero. The growth vigour of the tubers increases initially upon termination of 

dormancy and levels out at a maximum. After some time the growth vigour gradually declines and 

ultimately this leads to the inability to produce new plants. The maximum level of growth vigour 

extends only over a limited period of time, which depends largely on the cultivar and the storage 

conditions. 

The physiological age of the tuber also affects the growth pattern of the plant (Van der Zaag & 

Van Loon, 1987). Plants grown from physiologically older seed tubers may senesce earlier than 

plants grown from physiologically young seed tubers. When using young seed tubers, high yields 

can be obtained if the growing season is very long. Within normal ranges, physiologically older 

seed results in high tuber yields early in the season, but in relatively low yields late in the season. 

To achieve the highest tuber yields at the time the harvest is planned the seed tubers should be the 

correct age at planting. 

Dormancy and its implications for seed potatoes 

From an ecological point of view, the dormancy period of a tuber is advantageous to survive a 

period unfavourable for growth. From an agronomical point of view, tuber dormancy is 
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favourable when tubers have to be stored for a certain period of time before consumption or other 

use, but disadvantageous when seed tubers have to be planted soon after their harvest. The 

duration of dormancy depends on the genotype, but may also be influenced by the conditions 

during growth and during storage of the tubers. The timing of the end of dormancy together with 

storage conditions mainly determine the degree of sprout growth at planting. It is important to 

know the growth factors influencing dormancy of seed tubers and to be able to predict the 

duration of dormancy, in order to take the appropriate measures during storage. It would be a 

great help if dormancy could be measured long before it ends. 

Non-dormant seed tubers with a high growth vigour are not always available at each planting 

time. Often, seed tubers must be planted soon after their harvest, for example in regions in the 

world where the potato is grown more than once per year and seed tubers from the last crop have 

to be used for the next crop, or when seed tubers are imported from other regions or countries 

relatively soon after their harvest. 

Consider the situation in North Africa as an example. In many countries in North Africa, a 

spring potato crop is grown from January to early June and an autumn crop from September to 

December or January. In some coastal areas a winter crop is planted in November or December. 

Often the environmental conditions in these regions are unfavourable for storing potatoes and 

cool-storage facilities are scarce. Therefore, seed tubers from the last crop have to be used for the 

next crop. In addition to locally grown seed tubers, imported seed tubers from Europe are used 

for phyto-sanitary reasons. Generally, the spring crop is planted with imported seed tubers. The 

autumn crop is planted with seed tubers from the spring crop, and the winter crop with either 

imported seed tubers or seed tubers from the spring crop (Fahem & Haverkort, 1988). Locally 

grown tubers from the spring crop are still rather young (about 3 months) when planting of the 

autumn crop starts. The Netherlands is the world's largest exporter of seed potatoes (in 1990-91 

about 680,000 tonnes were exported). In the Netherlands, seed tubers are usually harvested in 

August and, consequently, seed tubers to be exported to North Africa for the winter crop (and for 

some cultivars even for the spring crop) are physiologically very young and their field 

performance may be suboptimal. Moreover, in many tropical or subtropical countries attempts are 

being made to replace part of the imported seed tubers by locally produced seed tubers. 

Shortening dormancy and advancing the growth vigour of the tubers could improve the 

performance of both local and imported seed tubers, which have to be planted soon after their 

harvest. 

The research programme 

The first aims of the research reported in this thesis were to predict the end of dormancy in seed 

tubers, and to explain the variation in their duration of dormancy. Many plant physiologists have 

investigated the phenomenon of dormancy and the processes involved. However, the biochemical 

and physiological backgrounds of dormancy are still poorly understood (Coleman, 1987; Burton, 
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1989; Burton et al., 1992). The objectives of this study were not to explore the regulation of 

dormancy, but to quantify its properties and responses to environmental factors. Morphological 

changes in tuber buds were measured during dormancy and initial sprout growth, and it was 

attempted to quantify dormancy by measuring the response to a dormancy-breaking method. This 

is described in Chapter 2. The variation in the duration of dormancy between tubers within a plant 

or within a seed tuber lot was quantified. The relation between several stolon and tuber 

characteristics and the duration of dormancy of the tuber was investigated to account for the 

variation in duration of dormancy within a seed lot (this is described in Chapter 3). The effects of 

conditions during growth of the tubers were investigated to explain the differences in duration of 

dormancy between tuber lots (Chapter 4). 

The other aims of the research programme were to examine possible ways of curtailing 

dormancy and of advancing the growth vigour of seed tubers. Several techniques were investigated 

with cultivars differing in duration of dormancy (Chapter 5). Emphasis was put on measures that 

are safe, since the few chemicals that are known to be effective in breaking dormancy (Rindite 

and carbon disulphide) are very poisonous and dangerous to use. Attempts were made not only to 

curtail dormancy, but also to advance the growth vigour, since the growth vigour of the tubers 

may still be poor immediately after the end of dormancy. 

Tubers harvested while immature, as is usual in the Netherlands when growing seed potatoes, 

were used in the research. 



CHAPTER 2 

MORPHOLOGICAL AND PHYSIOLOGICAL CHANGES 
DURING DORMANCY 
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SECTION 2.1 

MORPHOLOGICAL CHANGES IN TUBER BUDS DURING DORMANCY AND INITIAL 

SPROUT GROWTH OF SEED POTATOES 

M.K. van Ittersum1, F.C.B. Aben1 and C.J. Keijzer2 

department of Field Crops and Grassland Science, Wageningen Agricultural University, 

Haarweg 333, 6709 RZ Wageningen, the Netherlands 

Department of Plant Cytology and Morphology, Wageningen Agricultural University, 

Arboretumlaan 4, 6703 BD Wageningen, the Netherlands 

Summary 

Potato tuber dormancy is usually defined as lasting from tuber initiation until a sprout of 2 mm 

long has been formed under storage conditions optimal for sprouting. We tried to find out whether 

there is a period during which buds of seed tubers do not grow and whether different batches of 

seed take the same time to grow sprouts 2 mm long. 

We measured changes in number of leaf primordia and length of tuber buds of cvs Diamant and 

Desiree over two years. After early haulm pulling, buds did not grow for at least 60 days 

('Diamant') or 95 days ('Desiree'). 

Buds in both cultivars and two tuber weights of 'Diamant' took about 20 days from the 

estimated onset of sprouting to grow 2 mm long. We question whether this period is always 

similar and thus whether the moment sprouts 2 mm long have formed is a good criterion for the 

end of dormancy. 

Introduction 

The accepted definition of dormancy of a potato tuber is the physiological state of the tuber in 

which sprout growth will not occur, even when the tuber is kept in conditions ideal for sprout 

growth (darkness, 15-20 °C and a high relative humidity) (Reust, 1986). Burton (1963) proposed 

measuring the duration of dormancy from the date of tuber initiation, that is when the stolon tip 

starts to swell. Dormancy is deemed to have ended when the buds on the tuber, which has been 

stored from harvest onwards under conditions optimal for sprouting, are seen to be sprouting. 

This definition of the dormancy period has various physiological and methodological implications. 

Some researchers (e.g. Coleman, 1987; Burton, 1989) query whether there is a period without 

bud growth. Rosa (1928) and Davidson (1958) contended that the tuber apical bud is growing 
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slowly at the moment when the (mature) tuber is harvested and that there is no period without 

growth. Sadler (1961) agreed that there is no real dormancy period after harvest; she concluded 

that dormancy was the period during which the buds increased in length until they become visible 

to the naked eye. However, Goodwin (1966, 1967a) found no sustained growth during dormancy; 

he reported that occasionally an apical bud suddenly grew 0.1 to 0.2 mm and then stopped, and he 

suggested that when a group of buds displays this behaviour, their mean length gives the 

impression of continuous growth. Krijthe (1962a) found that the number of leaf primordia on the 

buds of tubers harvested when immature did not increase until the end of dormancy. 

Burton (1968) stated that whether or not there is growth, the concept of dormancy has a real 

practical value, because there may be large differences between different tuber samples in the 

moment at which sprout growth becomes visible. The criterion for the end of dormancy is a tuber 

showing at least one sprout of a given length; this length varies between less than 1 mm and 3 

mm (EAPR definition, Reust, 1986), depending on the researcher, but 2 mm is common. Clearly, 

if there is no growth during dormancy, then the duration of dormancy and the rate of initial sprout 

growth are both important when using 'a tuber showing at least one sprout of 2 mm' as the 

criterion for the end of dormancy. This criterion is suitable only if the time needed to produce a 

sprout of a certain length, after the period of no growth has ended, is similar for different 

treatments. 

We used destructive measurements to investigate whether there is a period without bud growth, 

either during tuber growth or after immature-harvest, on seed tubers of two cultivars known to 

differ in duration of dormancy. In addition, we measured the initial sprout growth non­

destructive^ in these two cultivars (in two tuber weights in one cultivar) in order to evaluate the 

appropriateness of the 2 mm criterion. 

Materials and methods 

Destructive measurements on apical and lateral tuber buds 

Plant material. In 1989 and 1990, tubers of cvs Diamant (short dormancy) and Desiree (long 

dormancy) were grown on a trial field near Wageningen. Details are listed in Table 1 (Tuber Sets 

1 and 2). The haulms were pulled when the tubers were still immature, at a time depending on 

tuber size and aphid pressure (in agreement with the dates specified by the General Netherlands 

Inspection Service for Agricultural Seeds and Seed Potatoes - NAK Nederland). 

After final harvest, healthy tubers with a narrow range in weight (Table 1) were selected and 

stored in a dark controlled environment at 18 °C and 80 % RH. The duration of dormancy of 

these tubers was assessed by regular observations on 90 tubers of each cultivar. Dormancy of a 

seed lot was deemed to have ended when 80 % of the tubers had at least one sprout 2 mm long 

(Appendix). 
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Measurements. From 55 (1989) or 50 (1990) days after planting (DAP) until final harvest, several 

plants were harvested at regular intervals (about 2 weeks) and a sample comprising 10-15 of the 

largest tubers per harvest was fixed in a mixture containing 5 ml formaldehyde (37 %), 85 ml 

ethanol (96 %) and 10 ml acetic acid per 100 ml (FAA). For the first harvest, the mean tuber 

weights in the samples were 17 g (1989) or 4 g (1990) for cv. Diamant and 22 g (1989) or 10 g 

(1990) for cv. Desirfe. After final harvest until the end of dormancy of the tubers in the 

controlled environment (i.e. 80 % showed one sprout of 2 mm), samples of 10-15 tubers were 

removed from that storage at regular intervals and were also fixed in FAA. 

We weighed all fixed tubers and counted their eyes (excluding the apical eye). We defined an 

eye as a scale leaf (with an axillary bud) separated from the apical bud in such a way that it 

followed the curvature of the tuber rather than that of the apical bud. We were careful to count 

each scale leaf either as part of an eye or as a leaf of the apical bud. Subsequently, measurements 

were carried out on the apical bud and on the fourth lateral bud from the heel end. Tubers from 

the first harvest in the field were so small that the fourth lateral bud from the heel end was not 

measured. The scale leaves and leaf primordia were dissected and counted under a binocular 

microscope (maximum magnification 40x). Any swelling on the flank of the apex was taken to be 

a leaf primordium. The buds were then bisected longitudinally and the length of the axis (=stem) 

was measured as the distance between the tip of the apex and the base of the bud, i.e. the 

beginning of the tuber tissue (Fig. 1). 

Fig. 1. Scanning electron micrograph of a longitudinal section of an apical bud (cv. Desiree - 66 
days after haulm pulling). The vertical bar (a) denotes the length of the axis and bar (b) denotes 
the length of the rest of the bud. Part of the scale leaf of an eye is visible in the background (e). 
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Table 1. Details on the growth and weight of tubers used for the destructive and non-destructive 
measurements on initial sprout growth. 

Descriptor 

Tuber batch code 
Origin 
Planting date 
Tuber initiation (DAPb) 

cv. Diamant 
cv. Desiree 

Haulm pulling (DAP) 
Harvest (DAP) 
Tuber weight in samples 

cv. Diamant 

cv. DesirSe 

Measurements 

Destructive 

Setl 
Field 
20/4/89 

48 
38 
81 
102 

(g) 
45+10 

75+15 

Set 2 
Field 
23/4/90 

42 
38 
77 
92 

40+15 

65+20 

Non-destructive 

Set 3 
Field 
23/4/90 

42 
38 
77 
92 

25+5 
80+10 
80+10 

Set 4 
Greenhouse3 

5/7/90 

30 
26 
70 
81 

25+5 
80+10 
80+10 

Set 5 
Greenhouse3 

1/12/90 

36 
_c 
74 
90 

25+5 
80+10 
_c 

aConditions in the greenhouse: 18/12 °C - day 12 h/night. During the growth of Set 5, the 
daylight was augmented with artificial light (35 W/m2; 400-700 nm). 
"DAP=days after planting. 
cNot included in Set 5. 

In practice, the lengths of entire buds (or sprouts) are observed when applying the '80 % and 2 

mm criterion' to intact tubers. Therefore, in 1990 a second series of buds was examined by 

scanning electron microscope, to find out what part of the entire bud consisted of the axis. A 

number (5-10) of apical eyes of tubers of similar weight as those used for the light microscopy 

measurements were fixed in 2 % (v/v) glutaraldehyde at frequent intervals during storage until the 

beginning of sprouting. After dehydration in an ethanol series (10-30-50-70-90-96-100 %) and 

critical point drying under CC>2, the buds could be sectioned with a razor blade (Cresti et al., 

1986) without deforming them. The sectioned buds were sputtered with palladium/gold, measured, 

and photographed in a Jeol JSM-5200 scanning electron microscope. The lengths of the entire 

buds and of their axes were measured. The length of the entire bud was defined as the distance 

between the tip of the longest scale leaf of the bud and the beginning of the tuber tissue (Fig. 1). 

Non-destructive measurements on initial sprout growth 

Plant material. These measurements were done on three sub-sets of tubers of cvs Diamant and 

D6sir6e (see Table 1 - Tuber Sets 3-5). For Tuber Sets 3-5 initial sprout growth was measured on 

13 Diamant tubers of 25±5 g and another 13 of 80+10 g and for Tuber Sets 3 and 4 on 20 

Desiree tubers of 80+10 g. The two tuber weights of cv. Diamant were used because dormancy 

of tubers of this cultivar is related to tuber weight, unlike that of cv. Desiree (Van Ittersum, 
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1992a). Only tubers with sound apical buds were selected for measurements. 

After the end of dormancy, when storage has been under conditions ideal for sprouting, the 

apical bud is the first bud to show growth (Goodwin, 1967a). 

Measurements. We measured initial sprout growth with a special set-up (Fig. 2) in a dark 

controlled environment at 18 °C and 80 % RH. Each selected tuber was put in a cup of dry sand, 

with its apical bud upwards. A brass bar with two vertical guiding holes was positioned 

horizontally above the cups. Through one of the two holes above each cup, a pin (weight: 0.07 g) 

was placed head down on top of the apical bud. In the second hole, 3 mm behind the first, a 

second pin with a vertically placed micrometer scale (divisions of 0.1 mm) was placed on the 

tuber tissue next to the apical bud. Twice a week, the position of the tip of the first pin was 

determined relative to the micrometer scale of the second, using a horizontally positioned binocu-

Fig. 2. The set-up for the non-destructive measurements on initial sprout growth. The front pin 
was placed on the apical bud and the rear pin, holding a micrometer scale, on the tuber tissue. 
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lar microscope. The measurements on a tuber were stopped when its sprout was about 4 mm long. 

Any swelling or shrinking of the tuber was accounted for, because the pin with the scale was 

positioned on the tuber tissue. Tubers were omitted from analysis if the sprout missed the head of 

the pin or if apical dominance was lost. 

The start of sprouting was estimated retrospectively, as the last observation date before the first 

sprout growth of at least 0.1 mm was observed. The observation date before the one on which the 

first growth of 0.05 mm was recorded, was considered to be the start of sprouting only if it was 

followed by another increase in length of at least 0.05 mm at the next observation. 

Results 

Destructive measurements on apical and lateral tuber buds 

The duration of dormancy (according to the '80 % and 2 mm criterion') of the batches of tubers 

in the controlled environments hardly differed between 1989 and 1990 (cv. Diamant: 100 and 103 

days after haulm pulling=DAH; cv. D&iree: 149 and 145 DAH). 

cv. Diamant. In 1989, there was no discernible trend in the mean length of the axis of the apical 

bud until ca 60 DAH (Fig. 3a). In 1990, before haulm pulling, the average length of the axis of 

the apical bud decreased in time slightly but significantly (P<0.01; Fig. 3b). From haulm pulling 

until ca 60 DAH, there was no change in the average length of the axis. The average length 

during this period of no change was 0.43+0.22 mm (1989) or 0.28±0.08 mm (1990). The larger 

mean and spread in 1989 were partly caused by one bud in the 42 DAH sample with an axis 1.2 

mm long and one in the 57 DAH sample with an axis 1.7 mm long. After ca 60 DAH, the mean 

length and the range in length increased rapidly, especially in 1990. During the period from 0 to 

57 (1989) or 66 (1990) DAH, there was no significant positive correlation within the tuber 

samples between the weight of an individual tuber and the length of its apical bud axis, but 

thereafter there was (P<0.01). 

From 26 days before haulm pulling until haulm pulling, the average number of eyes per tuber 

increased significantly (P<0.01) from 7.2 to 9.1 in 1989 and from 5.7 to 9.4 in 1990. It was 

difficult to count the scale leaves or primordia per bud. Older tubers with growing buds often had 

some scale leaves broken off, or that were shrivelled up or damaged. Therefore, we may have 

underestimated the true number of primordia in older tubers. There appeared to be no clear trend 

in the number of leaf scales or primordia, until about 100 (1989) or 90 (1990) DAH (Fig. 3c,d). 

There was no increase in the average length of the axis of the lateral bud, before and after 

haulm pulling until about 70 (1989) or 85 (1990) DAH (Fig. 3e,f). During these periods, the 

average lengths were 0.22+0.05 mm (1989) and 0.24+0.08 mm (1990). The number of leaf 

primordia of the lateral bud (not shown in Fig. 3) did not change until about 90 (1989) or 100 

(1990) DAH. 
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Fig. 3. The length of the axis of the apical bud (a and b), the number of scale leaves or primordia 
of the apical bud (c and d) and the length of the axis of the fourth lateral bud from the heel end (e 
and f) in time from haulm pulling (days). The lengths of the axes were plotted on a log-scale, in 
order to improve the visualization of possible small changes in length. Cv. Diamant - grown in 
1989 (a,c,e) or 1990 (b,d,f); '=one bud; *=two or more buds. 
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1989 cv. Desiree 1990 
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Fig. 4. The length of the axis of the apical bud (a and b), the number of scale leaves or primordia 
of the apical bud (c and d) and the length of the axis of the fourth lateral bud from the heel end (e 
and f) in time from haulm pulling (days). The lengths of the axes were plotted on a log-scale, in 
order to improve the visualization of possible small changes in length. Cv. Desiree - grown in 
1989 (a,c,e) or 1990 (b,d,f); *=one bud; *=two or more buds. 
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cv. De'sire'e. From before haulm pulling until about 95 (1989) or 100 (1990) DAH, there was no 

appreciable change in the average length of the axis of the apical bud (Fig. 4a,b). The mean 

length during this period was 0.32+0.08 mm (1989) or 0.31+0.07 mm (1990). After this period, 

the mean length and range in length increased rapidly. There was no significant positive 

correlation within the tuber samples between the weight of an individual tuber and the length of its 

apical bud, during the periods monitored. 

Until haulm pulling, the average number of eyes per tuber increased significantly (P<0.01) 

from 9.6 to 10.9 (1989) or 8.6 to 11.8 (1990). There was no increase in the mean number of 

scale leaves or primordia per apical bud until about 110 DAH (mean number=8; Fig. 4c,d). 

The average length of the axis of the lateral bud did not show a clear trend until about 120 

(1989, mean 0.25+0.07 mm) or 100 (1990, mean 0.26+0.06 mm) DAH (Fig. 4e,f). The mean 

number of primordia of the lateral bud (not shown in Fig. 4) did not change until 140 (1989) or 

120 (1990) DAH. 

Length of the entire apical buds. There was no significant correlation, for either cultivar, between 

the length of the axis of the bud (or sprout) and the length of the rest of this bud, i.e. from the 

apex to the tip of the topmost emerging leaf (Fig. 1). In other words, the length of the part of the 

bud above the apex did not differ for different axis lengths (maximum axis length in the samples: 

about 3 mm). The average length of the part of the apical bud above the apex was 0.43+0.13 mm 

in cv. Diamant and 0.46+0.17 mm in cv. Desiree. Using the 1990 data, we estimated the mean 

length of the entire apical bud for the period without a discernible trend in the mean length as 

0.28 mm (from tuber to apex) + 0.43 mm (above apex) = 0.71 mm, for cv. Diamant. For cv. 

Desiree, this mean length was 0.31+0.46=0.77 mm. 

Non-destructive measurements on initial sprout growth 

The mean number of days (after haulm pulling) to the start of sprouting differed significantly 

between the two tuber weights of cv. Diamant (Table 2). For the Tuber Sets 3-5, the mean 

difference to the start of sprouting between the two weights was 17 days. Within the cultivar or 

size classes, tubers showed a rather large variation in the number of days to the start of sprouting 

(standard deviations in Table 2). 

The time taken for the first few millimetres of sprout growth differed little between the two 

tuber weights of cv. Diamant and was statistically significant only for Tuber Set 4 (Table 3). 

Neither did the mean time taken for the first 2 mm of sprout growth differ between cvs Diamant 

and Desiree for tubers of the same weight. However, Desiree sprouts grew faster from 2 mm to 3 

mm than Diamant sprouts. 

Generally, the tubers that started sprouting first were also the first to reach a certain sprout 

length. However, in cv. Diamant there was a tendency for a negative correlation (not always 

significant) between the time taken for the first few millimetres of a tuber's sprout growth and the 
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Table 2. Estimated start of sprouting (days after haulm pulling), for two tuber weights of cv. 
Diamant and one tuber weight of cv. D&iree; Tuber Sets 3-5 (see Table 1). 

Tuber Set 

3 
4 
5 

Mean 

cv. Diamant 

Tuber weight 

92+7.7 
66+7.4 
69+9.7 

75 

25 g Tuber weight 80 g 

*** 
65+5.8 

** 
56+2.0 

** 

54+6.8 

58 

cv. Desiree 

Tuber weight 80 g 

119+7.5 
100+6.7 
.a 

110 

, The difference in moment of start of sprouting between the two tuber weights of cv. 
Diamant was statistically significant at P<0.01 and P< 0.001, respectively. 
aNot carried out. 

Table 3. Time lapse (days) between the estimated start of sprouting (see Table 2) and 1, 2 or 3 
mm sprout growth, for two tuber weights of cv. Diamant and one tuber weight of cv. Desiree; 
Tuber Sets 3-5 (see Table 1). 

Sprout 
growth 
(mm) 

1 

Tuber Set 

3 
4 
5 

cv. Diamant 

Tuber weight 25 g 

15+3.4 
17+3.2 
17+3.9 

Tuber weight 80 g 

17+7.0 
13 + 3.3** 
18+5.9 

cv. D6sir6e 

Tuber weight 80 g 

18+6.0 
15+5.8 
.a 

Mean 16 16 16 

21 + 3.8 
22+4.4 
24+6.0 

23 ±7.1 
17 + 3.3* 
23+6.8 

22 + 8.2 
18+6.4 

Mean 22 21 20 

3 
4 
5 

25+4.8 
27+4.4 
30+6.3 

28+7.3 
21 + 3.5** 
27+7.1 

23+9.0 
19+6.5 
a 

Mean 27 25 21 

The difference in time lapse between the two tuber weights of cv. Diamant was statistically 
significant at P<0.01. 
aNot carried out. 
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moment it started to sprout. 

Initial sprout growth in time (from the estimated start of sprouting until the sprout was about 4 

mm long) for individual tubers was described well by exponential functions. The mean percentage 

of variance accounted for was 98 % (cv. Diamant) or 97 % (cv. Desiree). For some tubers, 

however, the function that gave a good fit for the period of initial growth was unrealistic beyond 

that period. 

Discussion 

Bud growth during tuber growth. Although the number of eyes per tuber increased until haulm 

pulling, the number of scale leaves and primordia in the apical bud did not decrease. This means 

that, until haulm pulling, the formation of leaf primordia by the apical bud keeps pace with the 

number of leaves of this bud that differentiate into an eye (= leaf with axillary bud) on the tuber. 

This fully agrees with the findings of Krijthe (1946, 1962a) and Sadler (1961). The apical buds of 

very young tubers may appear to be slightly longer than those of older and larger tubers (Fig. 3b) 

because, in very small tubers, the apical bud has not yet sunk into the tuber (Sadler, 1961). 

No conclusions about the growth of the lateral buds during tuber growth can be drawn from our 

measurements. Krijthe (1946) found a rather rapid increase in the number of leaf primordia of the 

first bud from the heel end until some weeks after tuber initiation. Sadler (1961) stated that lateral 

buds grew relatively rapidly soon after differentiation until they had attained about 10-12 

primordia. 

The period without bud growth. We described the changes in average lengths and numbers. 

Generally, the apical bud was the first to increase in mean length during storage. We propose 

calling the period after haulm pulling with no increase in mean length of the apical axis 'the 

period without bud growth' (comparable with the rest period; Reust, 1986), even though a few 

buds may have started to grow some time before the end of this period (Fig. 3a: at 42 and 57 

DAH, one bud axis per sample was more than 1 mm long). After the period without bud growth, 

the increase in the averages was clearly caused by larger values in only some of the buds in the 

sample (Figs 3 and 4). 

The period without bud growth was much longer in cv. D6siree (about 95 days) than in cv. 

Diamant (about 60 days). This means that most of the difference in duration of dormancy between 

the two cultivars according to the '80 % and 2 mm criterion' is attributable to the difference in 

the period without bud growth. Rosa (1928) and Davidson (1958) reported that there was no 

period without bud growth for tubers harvested mature. However, Rosa's evidence was based on 

only a few buds. Davidson (1958) measured the length of ten axes of apical buds of tubers 

harvested mature and stored at 4 °C and of tubers stored at 27 CC. From a regression analysis he 

concluded that the buds grew continuously after harvest. However, the buds of the tubers stored at 
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4 °C could not have done so. The buds of tubers stored at 27 °C may have grown continuously, 

but as Davidson analysed the means of ten tubers (and did not plot any individual lengths), the 

buds of some tubers may have grown while others did not. 

The fact that we measured no growth of the buds does not mean that the buds are 

physiologically inactive. Macdonald & Osborne (1988) demonstrated that protein, RNA and DNA 

were continuously synthesized in dormant potato tuber buds in the absence of cell growth (storage 

temperature 22-25 °C). 

The dormant buds in our experiments were similar in length to those on tubers harvested 

mature examined in other studies (Davidson, 1958; Sadler, 1961; Goodwin, 1967a,b). According 

to Sadler (1961), a tuber seems to reach its maximum number of eyes before it has reached its 

maximum size. Therefore, it seems likely that in tubers harvested mature there is also a period 

with no bud growth, and that this period begins before harvest if the differentiation of eyes stops. 

The numbers of scale leaves plus primordia of the apical bud remained unchanged for a longer 

period than the length of the apical bud. The average number per bud during the dormancy period 

was about 8, which agrees with the number found by Kirk et al. (1985), but is less than the 

number found by others (8-13 primordia per bud; Krijthe, 1946; Sadler, 1961; Goodwin, 1967b). 

This discrepancy might be due to differences in the definition of an eye. 

The (re)growth of the buds during storage. Our set-up for non-destructive measurements of sprout 

growth was satisfactory, although cv. Desiree sometimes caused problems because axillary buds of 

the apical bud also started to grow. The exact moment of onset of sprouting could not be 

determined with this set-up. The accuracy was 0.05-0.10 mm and the onset of bud growth may 

not have been observed if cavities occurred between the scale leaves (Fig. 1). Therefore, small 

increases in bud length before the estimated start of sprouting cannot be excluded. 

Using the measurements made with the scanning electron microscope, we estimated the mean 

length of the entire apical bud to be 0.7-0.8 mm. Only part of this length is visible on intact 

tubers and therefore the buds have to grow about 1.5 mm until the sprout is visibly 2 mm long. 

The time needed for this growth hardly differed between the two tuber weights of cv. Diamant or 

between the two cultivars; it was about 20 days. Comparable measurements should be done for all 

kinds of treatments to confirm the validity of the 2 mm criterion as an indicator of the end of 

dormancy. We doubt whether the time taken to form a sprout 2 mm long is always about 20 days. 

For instance, storage temperature regimes with storage at 18 °C preceded by a short period of 

low (0-2 °C) or high (28 °C) temperature may result in a period different from 20 days (Van 

Ittersum & Scholte, 1992a). Moreover, the period will be longer than 20 days if sprouting takes 

place under conditions not optimum for sprout growth (e.g. temperatures below 15 °C, Burton, 

1989). In these cases, the 2 mm criterion may still be convenient to apply, but it is questionable 

whether differences between treatments are caused by differences in dormancy and/or differences 

in rate of sprout growth. 
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The rate of sprout growth for cvs Diamant and D6sire"e was similar until the sprout was about 2 

mm long. Thereafter, the sprouts on cv. Desiree grew appreciably faster. This underlines how 

critical it is to choose an appropriate sprout length for the criterion for the end of dormancy. 

The clear difference in estimated start of sprouting between the two tuber weights of cv. 

Diamant suggests there is a real difference in the moment when their dormancy ends (cf. Van 

Ittersum, 1992a). This is contrary to Krijthe's (1962b) observations on cv. Bintje. She observed a 

similar moment of onset of sprouting, but found differences in rate of sprout growth: large (40-45 

mm) tubers had grown sprouts 3 mm long several weeks earlier than had the smaller (28-35 mm) 

tubers. 

Conclusions 

1) During tuber growth, the formation of leaf primordia by the apical bud keeps pace with the 

number of leaves of this bud that differentiate into an eye on the tuber. 

2) After haulms have been pulled at an immature stage of tuber development, both apical and 

lateral tuber buds have a period without growth. For apical buds, this period was at least 60 days 

for cv. Diamant and 95 days for cv. D6siree. 

3) The difference in dormancy between cvs Diamant and Desiree according to the '80 % and 2 

mm criterion' is mainly attributable to the difference in the period with no bud growth, since the 

time taken for an apical bud to grow from its initial length to a length of 2 mm was about 20 days 

for both cultivars. 

4) This time lapse hardly differed between small (25 g) and large (80 g) tubers of cv. Diamant. 

However, the moment when sprouting started differed significantly between tuber weights. 
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Appendix 

In this thesis, the duration of dormancy is expressed in days after haulm removal, except in 

Section 4.2. In this section, the duration of dormancy is expressed in days after tuber initiation, to 

allow comparison of the duration of dormancy of treatments with different dates of tuber 

initiation. 
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SECTION 2.2 

CAN THE INTENSITY OF DORMANCY BE MEASURED WITH A BIO-ASSAY? 

M.K. van Ittersum 

Department of Field Crops and Grassland Science, Wageningen Agricultural University, Haarweg 

333, 6709 RZ Wageningen, the Netherlands 

Summary 

It was investigated whether the 'intensity' of dormancy of seed potatoes could be measured with a 

bio-assay. In the assay, attempts were made to break dormancy by dipping lateral eye plugs in 

different concentrations of growth substances. Several cultivars were used and their intensity of 

dormancy was measured at various times. 

The results indicated that the longer the tubers are stored, the easier it is to break dormancy. 

Generally, the cultivars with a shorter dormancy responded more strongly to the assay than 

cultivars with a long dormancy. However, the assay seemed to be very sensitive to external 

conditions, and thus some results were hard to interpret. If the variability in response to the 

treatments in the bio-assay is caused by variation in external conditions and if this variability can 

be reduced by better control of the environment, a bio-assay would be a promising method for 

assessing the intensity of dormancy and for estimating the duration of the remaining dormancy 

period of a certain cultivar. 

Introduction 

Dormancy is defined as the physiological state of the tuber in which autonomous sprout growth 

will not occur, even when the tuber is kept in conditions ideal for sprout growth (Reust, 1986). 

Burton (1963) suggested that dormancy starts at tuber initiation, when extension growth of the 

stolon tip ceases. Dormancy has ended when sprouts are formed from buds on the tuber during 

storage. During the dormancy of a seed tuber harvested while immature, no changes occur in 

simple morphological characteristics of the tuber buds (Van Ittersum et al., 1992). Nevertheless, 

various biochemical and physiological processes take place in the tuber and endogenous 

concentrations of substances change (Coleman, 1987; Van der Plas, 1987; Macdonald & Osborne, 

1988; Burton et al., 1992). Consequently, it can be assumed that dormancy is not constant during 

the dormancy period. 

Some reseachers mentioned that concentrations of sprout stimulators needed to break dormancy 

may differ between years (Bruinsma et al., 1967; Carls & Caesar, 1979), and that the response to 
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a sprout stimulator differs over time during growth and storage (Bruinsma & Swart, 1970; 

Turnbull & Hanke, 1985a). In literature the terms 'depth' and 'intensity' were used to indicate 

that differences in dormancy exist (Bruinsma & Swart, 1970; Sikka, 1982). In this chapter, the 

term 'intensity' will be used. It is both of scientific and practical interest if the intensity of 

dormancy were measurable: it would be possible to assess effects of growth or storage conditions 

on dormancy and the remaining duration of dormancy could be predicted. Subsequently, tubers 

could be stored or treated according to their intensity of dormancy and their planned date of 

planting. 

Hypothetical scheme for the intensity of dormancy of seed tubers. As a working hypothesis, a 

hypothetical scheme was drafted for the development over time of the intensity of dormancy of 

seed tubers, harvested while immature (Fig. 1). 

The first part of the scheme (dashed line) concerns the tuber attached to the mother plant. This 

part of the line is based on knowledge and ideas about the degree of induction to tuberize, the 

induction of second growth and the effect of the haulm killing date on the duration of dormancy. 

Moreover, Szalai (1959) found that the concentration of Rindite (a sprout-stimulating mixture of 

ethylene chlorhydrin, ethylene dichloride and carbon tetrachloride, 7:3:1 by volume, respectively) 

needed to break dormancy was lower at immature harvest than at mature harvest, and Bruinsma et 

al. (1967) stated that tubers harvested very early are often barely dormant when treated with 

gibberellic acid (GA). Turnbull & Hanke (1985a) found that during the first weeks after tuber ini-
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Fig. 1. Hypothetical scheme for the intensity of dormancy of seed tubers harvested while 
immature. 
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tiation, the tuber buds of cv. Majestic could be induced to grow out by supplying cytokinins (CK). 

Thereafter, the response to exogenous CK disappeared. 

Haulm pulling results in removal of an important source of all kinds of substances for the tuber. 

This might lead to sudden biochemical and physiological changes in the tuber. Heat sprouts 

(sprouts grown from tuber buds prior to harvest due to high temperatures during tuber bulking) do 

not continue to grow when tubers are harvested (Van Ittersum & Scholte, 1992b). These 

arguments made me suppose that dormancy might intensify at haulm pulling. Bruinsma & Swart 

(1970) showed that the response to their dormancy-breaking method increased during the first 

weeks of storage of the tubers, although not in a regular way. During storage until dormancy 

release, endogenous concentrations of hormones that may be related to dormancy change gradually 

(Van der Plas, 1987). 

Much about processes and endogenous substances regulating dormancy is still unknown. 

Therefore, the intensity of dormancy is poorly defined and cannot be measured directly. I tried to 

quantify dormancy by measuring the response to a dormancy-breaking treatment (cf. Bruinsma & 

Swart, 1970). 

Measuring dormancy with a bio-assay. It was tried to break dormancy by dipping eye plugs in 

solutions that differed in concentration of growth substances. It was hypothesized that the less 

intensive dormancy was, the easier it would be to break it. In the bio-assay, eye plugs of tubers 

could only be measured while detached from the mother plant. 

Dormancy was measured at different times during tuber growth and during storage in different 

cultivars. On the basis of some data, I will demonstrate that the results indicate that it becomes 

easier to break dormancy during storage, but that the assay was very sensitive to external 

conditions resulting in data that were hard to interpret. 

Material and methods 

Plant material. In 1989 and 1990, several cultivars (for 1989, see Table 1) were grown on an 

experimental field near Wageningen (52 °N lat.). The plant material for cvs Diamant and Desirfe 

was identical to that used for the morphological measurements (Van Ittersum et al., 1992). 

Planting took place at 20 April 1989 or 23 April 1990 and tuber initiation started between 35-50 

days after planting. Haulm pulling took place 81 (1989) or 77 (1990) days after planting and 

tubers were harvested 2-3 weeks later. Healthy 40-55 mm tubers were selected and stored in 

darkness at 18 °C and 80 % RH. The duration of dormancy of intact tubers was assessed on 90 

tubers per cultivar. Dormancy of these tubers ended, by definition, when 80 % of the tubers 

showed at least one sprout 2 mm long. 

Bio-assay. The following bio-assay was developed, based on preliminary experiments with eye 
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plugs, dipped in different concentrations of gibberellin A3 or 6-benzylaminopurine (BAP) and the 

subsequent sprouting response during 21 days of incubation. 

For each cultivar, at frequent intervals (see Fig. 2) samples of 25 tubers were taken from the 

field or from the storage chamber. Lateral eye plugs (diameter=2.5 cm) were taken with the 

fourth eye from the heel end of the tuber (Lallu & McWha (1976) showed that lateral and apical 

eye plugs of the same tubers responded similarly to plant growth regulators, whereas lateral eye 

plugs have the advantage that they contain just one eye). Each sample was dipped in one solution 

of a range of solutions of BAP (see legend Fig. 2). Subsequently, the eye plugs were put on 

humid quartz sand. The samples were placed in a dark controlled environment at 18 °C and 90 % 

RH for one week. The entire procedure was replicated twice. After the first replication, each 

solution was renewed. The two replications of one date will be called a run of the assay. 

Three to four times a week the sprouted eye plugs were counted. The criterion for the end of 

dormancy was a sprout of about 1 mm. The percentage of sprouted eye plugs 7 days after the start 

of a run of the assay was considered as the dormancy-breaking action of a solution. From such 

values from successive runs, the date was deduced that a solution resulted for the first time in 

80 % sprouted eye plugs in 7 days after the start of an assay run. 

In 1989 (Expt 1), runs of the bio-assay were carried out only after haulm pulling. In 1990 (Expt 

2) several runs were also conducted before haulm pulling by digging up plants, and runs were 

conducted more frequently shortly before and shortly after haulm pulling. 

Examples of results and evaluation 

Some data for cvs Diamant (short dormancy) and De"sire"e (long dormancy) are shown in Fig. 2. 

Figs 2a and 2b show that, generally, the later the start of a run of the assay, the higher the 

percentage of sprouting. The assay of 46 days after haulm pulling (DAH) showed a remarkable 

lack of response in both cultivars. This was probably (partly) due to a lower relative humidity 

(about 85 in stead of 90 %) in the controlled environment during the first days after the start of 

this run. There were more indications that the humidity is of crucial importance in the assay. 

Table 1 was deduced from Figs 2a and 2b and similar figures for the other cultivars. For each 

solution the date was estimated (by interpolation) that 80 % sprouting was obtained for the first 

time (intersection between the response lines and the dotted 80 % line in Figs 2a and 2b; the data 

from 46 DAH were discarded: dashed lines). Table 1 shows that: 1) the later the starting date of 

an assay run, the lower the concentration of the solution necessary for 80 % response; 2) the 

shorter the duration of dormancy of intact tubers of a cultivar, the earlier eye plugs of a cultivar 

responded; cv. Draga was an exception in that it responded earlier than cv. Desired, whereas 

dormancy of intact tubers of cv. Draga is longer. 

Figs 2c and 2d illustrate that the results in 1990 were less clear than those in 1989. Besides the 

variable response in time, sometimes there also was a large spread between the two replications 


