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Stellingen

L.
Verschillen in veldgedrag tussen miniknollen en conventionele pootaardappelknollen worden
behalve door verschillen in gewicht ook veroorzaakt door verschillen in fysiologische

ontwikkeling van de knollen.
Dit proefschrift.

2.

Naarmate aardappelknollen lichter zijn, zijn de effecten van absolute en relatieve verschillen in
gewicht op het gedrag van de knollen en planten uit die knollen duidelijker. Het gebruik van
klein pootgoed vraagt dan ock een andere benadering dan het gebruik van conventionele knollen.
Dit proefschrift

3.

De lagere gewichtsopbrengsten aan knollen die door gewassen uit kleinere miniknollen op een in
Noordwest-Europa voor pootaardappelen gebruikelijk oogsttijdstip worden gerealiseerd, zijn
zowel gen gevolg van een lagere lichtonderschepping door het loof als van een lagere

oogstindex.

Dit proefschrift.

Marshall, B, & H. Taylor, 1990. Radiation interception and growth of minitubers as affected bv seed size. Abstracts Hih
Trienniol Conference of the European Association for Potoio Research, Edinburgh, UK, pp. 380-381.

4.

Beschrijvend en verklarend onderzoek naar de gezondheid, de genetische kwaliteit en de
groeikracht van latere generaties "normale’ knollen geproduceerd uit micro- en miniknellen, blijft
hard nodig.

5.
Gebrek aan consistentie in de defini€ring van begrippen of in de analyse van problemen of
processen kan duiden op wetenschappelijke vooruitgang.

6.

Bij het ontwerpen van nieuwe produktieprogramma’s voor vitgangsmateriaal ontbreken
methoden waarmee ongelijksoortige kwaliteitseigenschappen (zecals gebruiksgemak,
betrouwbaarheid en gezondheid) bij elkaar kunnen worden opgeteld.

7.
De invloed van de grootte of het gewicht van het gebruikte vitgangsmateriaal op de ontwikkeling
en opbrengstvorming van een gewas is nog grotendeels onbegrepen.

8.
Het is verwarrend om het moment waarop een aardappelknol wordt geinitieerd, aan te merken
als het moment waarop de kiemrust begint, omdat tijdens de groei van de knol de apex doorgaat

met het afsplitsen van bladeren.
Burton, W.G., 1963. Concepts and mechanisms of dormancy. [n: 1D Ivins and F.L. Milthorpe (eds). The Growth of the
Potato. Butterworths, London, pp. 17-41.

S

Het heeft weinig zin de invloed van toevoeging van groeiregulatoren op de opbrengst aan
hoogwaardige aardappelknollen in vitro te bestuderen in batcheultures, als de samenstelling of de
hoeveelheid van het basismedium al limiterend is voor deze opbrengst.

Leclere, Y., D.J. Donelly & J.E.A. Seabrook, 1994. Microtuberization of layered shoots and nodal cuttings of potato: The
influence of growth regulators and incubation periods. Plart Cefl. Tissue and Organ Culture 37: 113-120.



10.
Het is onwaarschijnlijk dat onder veldomstandigheden een aardappelknol met cen diameter van 5
mm uit eigen reserves een stevige, proeikrachtige plant met een bladopperviakte van meer dan 2

cm? kan produceren.

11.
Bij een strakke studieplanning staan procedures die vragen om vroegtijdige goedkeuring en
planning van (vooral) veldonderzoek het realiseren van de leerdoelen van afstudeervakken in de

weg,

12.
In de agronomie zou het een enorme vooruitgang zijn wanneer ook oudere literatuur in
geautomatiseerde literatuurbestanden werd opgenomen.

Stellingen behorend bij het proefschrift "Basic studies on the production and performance of
potato minitubers’, door W.J.M. Lommen.
Wageningen, 7 april 1995.
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ABSTRACT

Lommen, W.J.M., 1995. Basic studies on the production and performance of potato minitubers.
Doctoral thesis, Wageningen Agricultural University, Wageningen, the Netherlands, 181 pp., English

and Dutch summaries.

Minitubers are small seed potato tubers that can be produced year-round in glasshouses on in vitro
propagated plantlets planted at high density. The research reported in this thesis studied the
agronemical and physiological principles of the production of minitubers and their performance
under Dutch field conditions. The minitubers had fresh weights between 0.125 and 4.000 g.

More than 3000 minitubers per m?2

were produced in 10 weeks (average fresh weights 1 - 2 g),
when tubers were harvested 4, 7 and 10 weeks after planting, using a non-destructive harvesting
technique in the first two harvests. Removing tubers in the first harvest resulted in initiation of new
tubers because more potential tuber sites became available that were not subjected to the dominance
of rapidly growing tubers. Part of the newly initiated tubers grew to a harvestable size within three
weeks, but the number of tubers in harvestable sizes did not increase thereafter, whereas part of the
undersized tubers was resorbed. The second harvest stimulated growth of tubers that otherwise would
have been resorbed or would have remained too small.

Almost all minitubers = 0.5 g survived storage at 2 °C for 1.5 years. After 6 months of storage,
growth of plants from minitubers was still poor. Largest leaf areas were achieved after 10 - 11
months of storage, highest stem numbers, progeny tuber weights and harvest indices after 14 - 15
months of storage for cv. Agria and after 18 - 19 months for cv. Liseta.

The performance of minitubers was affected considerably by their weight. Lighter tubers had a
longer dormant period, partly because of a slower sprout growth up to 2 mm (used to assess the end
of dormancy). Plants from lighter tubers took longer to emerge and at emergence had thinner stems,
lower root weights, and higher shoot:root ratios. Crops from lighter minitubers produced lower yields
because of less radiation intercepted (slower ground cover) and a lower harvest index. Multiplication
factors per planted tuber were lower in crops from lighter minitubers because fewer plants emerged
or survived, and fewer progeny tubers and lower weights were produced per plant. Yield variation
within a crop was higher in crops from lighter minitubers, but - when properly nursed - variation in
vield over years was not affected by the weight. Effects of minituber weight generally became less
clear in the higher weight ranges. Differences in performance between minitubers and conventional
tubers were attributed to weight and age of seed tubers, presprouting method and crop husbandry.

Minitubers can be used in the first vear of potato seed production programmes to speed up
multiplication and to increase the quantity of seed from new cultivars.

Keywords: Solanum fuberosum L., seed production, minitubers, rapid multiplication, irn vitro,
tuberization, tuber pruning, non-destructive harvest, seed weight, nutrient supply, plant density, cold
treatment, sprouting, water loss, physiological age, presprouting, planting depth, shoot:root ratio,

emergence, ground cover, radiation interception, radiation conversion, harvest index, variation.

Reference to chapters 2 - 10 should be made citing the original publications.
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WOORD VOORAF

Ruim acht jaar geleden kwamen de eerste berichten uit het buitenland over miniknollen die
ongekende mogelijkheden leken te bezitten voor een snelie, goedkope produktic van gezonde
pootaardappelen, ook in Nederland. Hoewel verschillende firma’s produktiemethoden of miniknollen
te koop aanboden, was er nauwelijks betrouwbare, open informatie over de produktie en het gedrag
van de knollen beschikbaar en ervaring met hun produktie en gedrag ontbrak. Om dit te verbeteren
werd dankzij de inzet van met name dr ir D.A. van der Zaag en dr ir I. Mastenbroek een
onderzoeksproject opgezet dat gedeeltelijk werd gefinancierd door het aardappelbedrijfsleven (via
het Produktschap voor Aardappelen en de Nederlandse Aardappel Associatie) en gedeeltelijk door
de Landbouwuniversitett. Het project werd door mij van september 1987 tot en met december 1990
vitgevoerd op de toenmalige vakproep Landbouwplantenteelt en Graslandkunde van de
Landbouwuniversiteit Wageningen, nu de vakgroep Agronomie en het proefcentrum Unifarm. Een
enthousiaste begeleidingscommissie, die bestond uit dr ir D.E. van der Zaag (voorzitter tot 1 januari
1990), ir C.D. van Loon {voorzitter vanaf januari 1990}, prof. dr ir P.C. Struik (secretaris), drs K.J.
Hartmans, dr ir I. Mastenbroek en dr D. Vreugdenhil, bewaakte namens de Nederlandse Aardappel
Associatie de voortgang van het onderzoek, bediscussieerde de resultaten en de ontwikkelingen
elders, gaf advies over de te volgen onderzocksliinen en zorgde ervoor dat naast het
wetenschappelijke belang ook het praktische, maatschappelijke belang voldoende aandacht kreeg.
Bij het onderzock werd ik de eerste jaren geassisteerd door Evelien van Heusden. Ze heeft me
wegwijs gemaakt op de vakgroep en in het gewas aardappel. Mede dankzij tat van medewerkers van
de vakgroep, studenten, stagiairs en gastmedewerkers, werd in korte tijd een schat van informatie
verzameld over de produktic en het gedrag van miniknollen. De duizenden in vitre planten die in
deze periode voor proeven werden gebruikt, werden geproduceerd door Theo Meulendijks en zijn
team van de Stichting Begeleiding Snelle Vermeerdering van Aardappelen. Van hem heb ik niet
alleen veel geleerd over de produktic en het gebruik van in vitro aardappelplanten in de praktijk,
maar ook over de teelt en keuring van pootaardappelen.

Het idee om een proefschrift te schrijven over miniknollen ontstond pas toen ik een baan kreeg
als universitair docent bij de Landbouwuniversiteit en was atkomstig van mijn promotor Paul Struik.
De wetenschappelijke publikaties die in dit proefschrift zijn opgenomen, zijn grotendeels geschreven
als onderdeel van mijn huidige taak. Ze zijn gebaseerd op de resultaten van de proeven die in het
kader van het bovengenoemde onderzoeksproject waren gedaan en cnkele proeven die daarna zijn
vitgevoerd, Het Engels uit de reeds gepubliceerde hoofdstukken werd gecorrigeerd door mijn
vroegere buurvrouw - tevens vertaalster - Miep Schilte, en door de¢ language-editors van het
tijdschrift Potato Research, de heren Fox, Hide en Wastie. Wampie van Schouwenburg zorgde voor
druk op de ketel nadat de artikelen waren geaccepteerd.

Aan de proeven die zijn verwerkt in dit proefschrift werd meegewerkt door de studenten Ruilof
van Putten, Harm Kuipers, Lukas Wolters, Roelof Kramer, Jan Broos, Fokko Prins en Bert Waterink,
de stagiair(e)s Ben Glas, Sigrid Wiersum en Ankie Bos en gastmedewerkster Jadwiga Plodowska.
Vanuit de vakgroep en het proefbedrijf zorgden vooral Elco van Doom, Jan van der Pal, Lammert
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Haalstra en Ton Blokzijl er voor dat alles grocide zoals het hoorde, maar ook John van der Lippe,
Teus Bleyenberg, Wim van der Slikke, André Maassen en vele anderen hebben regelmatig- aan de
voorbereiding, de verzorging of het cogsten van proeven meegewerkt. Voor praktisch advies of om
uit te blazen kon ik altijd terecht bij mijn collega’s. Vooral bij mijn lotgenoten Conny Almekinders
en Leon Mol liep ik regelmatig binnen.

Het spreekt vanzelf dat ik iedereen die ik hiervoor heb genoemd heel hartelijk wil bedanken,
maar een aantal van hen in het bijzonder. Date, Kees, Ineke, Klaasje en Dick, bedankt voor jullie
informatie, adviezen en enthousiasme. Het was soms moeilijk selecteren uit de stroom van ideeén.
Evelien, ik heb genoten van de periode waarin we meer getallen verzamelden dan goed voor ons was
en waarin niet alleen de aardappel maar ook een aantal andere gespreksonderwerpen de revue
passeerde. 1k mis nog steeds de manier waarop je de 'Potato Crowd® bestierde. Theo, jouw
enthousiasme en opgewektheid maakten de bezoeken aan Slootdorp of Emmeloord ondanks de
afstand en files bijna tot een plezierreisje. Paul, zonder jouw steun en geduld had dit proefschrift hier
niet gelegen, en zonder jouw commentaar en suggesties zou de inhoud van geringere kwaliteit zijn
geweest. Ik heb veel geleerd {(en doe dat nog steeds) van jouw precisie, analytisch vermogen,
systematische aanpak en treffende woordkeus, en heb altijd enorm gewaardeerd hoe de kwaliteit van
presentaties en publikaties tot in de laatste minuut werd verbeterd. Natuurlijk ben jij bedankt!

Graag wil ik ook deze gelegenheid aangrijpen om iedereen te bedanken afkomstig van
onderzoeksinstellingen, keuringsdienst, bedrijfsleven en andere instanties waarmee ik de afgelopen
jaren contact heb gehad over miniknollen of andere aardappelen. De bijna zonder uitzondering open
uitwisseling van ideeén en vooral de gezellige manier waarop dit gebeurde heeft me altijd veel
plezier bezorgd en me ervan overtwigd dat het delen van kennis in het belang is van alle partijen.

Het Nederlandse aardappelbedrijfsleven wil ik hartelijk bedanken voor de bijdrage aan de
financiering van het onderzoek naar miniknollen. lk vertrouw erop dat de resultaten hebben
bijgedragen aan het op waarde kunnen schatten van miniknollen en hoop dat de inhoud van dit
proefschrift ook bij de direct betrokkenen het inzicht in hun gedrag en mogelijkheden zal vergroten.

Tenslotte wil ik de anonieme referees van Netherlands Journal of Agricultural Science en Potato
Research hartelijk bedanken voor de tijd en zorg die ze hebben besteed aan de manuscripten en de
editors van deze tijdschriften voor hun toestemming om de gepubliceerde of ingediende artikelen op

te nemen in dit proefschrift.

Willemien Lommen
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NOTE

Chapters 2 - 9 of this thesis have been published in Netherlands Journal of Agricultural Science
{chapters 2 and 3) or Potato Research (chapters 4 - 9). Chapter 10 has been submitted for publication
by Potato Research.

As presented in this thesis, the published chapters differ in the following ways:

(1) The original running title of chapter 2 is: Minituber production of potato plantlets;

(2) The original running title of chapter 3 is: Potato minituber production;

(3) The listing of references has been standardized and updated,

{4) Minor alterations have been made to guarantee a more consistent spelling throughout the thesis;
(5) Minor alterations have begn made in the presentation of Tables.

The structure of the papers has not been changed.




CHAPTER 1

General introduction
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1 GENERAL INTRODUCTION

1.1 Reproduction of potato

Potato {(Solanum tuberosum L.) is one of the world’s major food crops, grown for its edible tubers.
Worldwide, it is planted on approximately 18 million hectares in 128 countries (FAQO, 1994), Seed
tubers are by far the most important planting material used and around 10 % of the area under potato
cultivation is necessary for the production of successive generations of seed tubers. Because of the
problems (see later) occurring when seed tubers successively are produced from other seed tubers,
new production systems for seed tubers are being developed.

Except from sced tubers, potato plants can be produced from several types of propagation material
including protoplasts, callus and explants from different tissues (all reviewed by Evans et al., 1981),
dissected meristems (e.g. Wang & Hu, 1980), cuttings made from sprouts or stems segments with
at least one bud (shoot tips, nodal or apical cuttings, e.g. Goodwin et al., 1980; Bryan et al., 1981a,
b, ¢) and true potato seeds (e.g. Umaerus, 1987). For seed production purposes, multiplication
methods using tubers or nodal and apical cuttings are preferred because they are genetically
conservative as new plants are produced from existing buds. This thesis studies the production and
performance of minitubers, one of the new types of propagules that can be used for the production
of conventionaltly sized seed tubers.

1.2 Morphology of the potato plant

Details on the morphology of the potato plants are recently described by Beukema & van der Zaag
(1990) and Cutter (1992). Under normal conditions and crop husbandry, the potato plant possesses
one or more negatively geotropic (upright) growing stems, the main stems, which carry leaves above
ground. Below ground buds of the main stems may produce orthotropically (more or less upright}
growing leafy stems, called secondary stems. The leafy stems often branch and may end in
inflorescences, which produce berries that contain the true potato seeds. Below ground, also stolons
develop from axillary buds of the stems. Stolons are thin and elongated diageotropically
(horizontally) growing stems with scale leaves and a hooked tip. Roots develop adventitiously,
usually on leafy stems and stolons. Potato tubers actually are also drastically shortened and thickened
stems. They normally form at the tip of the stolons or their branches.

From the above description it is clear that a potato plant can produce three main types of stems:
the normal stems (either sprouts or leafy stems), the stolons and the tubers, All these possess apical
and axillary buds that potentially can produce one of the three types of stems, depending on the
intemal and external conditions. This potential can be exploited in vegetative propagation of potato.

1.3 Multiplication of potato by means of seed tubers: the conventional seed preduction system

When potato is multiplied by seed tubers, the multiplication factor (hére the ratio between the weight

.
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of tubers produced and planted) is 12 - 20 (Beukema & Van der Zaag, 1990). This is low compared
to other important food crops like wheat, rice and maize with multiplication factors of 50, 100 and
250 respectively (Van der Zaag, 1987) and soya bean with a multiplication factor of 30 - 100 (area
basis; Fehr, 1978), but higher than of cassava of which around 10 cuttings per plant can be taken
(Silvestre, 1989). If ove crop of potatoes is grown in one year, as in most north-west European
countries, the multiplication rate is only 12 - 20 per year. Therefore, several vears of field
multiplication are necessary to produce the total quantity of seed needed. Special efforts are needed
to maintain a high health standard in subsequent generations, because potato is susceptible to
diseases which may be transferred through the seed tubers.

In many countries, healthy seed is produced by clonal selection, repeatediy propagating a sample
of tubers that ofien originates from one plant having the desired phenotype (’true to type’} and being
free of diseases. A complete seed production programme consists of the production of three
categories of seed: (1) clonal selection or pre-basic seed in the first 1 - 4 years, (2) basic seed in the
next 1 - 3 years, and (3) certified seed production in the final 1 - 3 years. Within a category, there
are different quality classes. During the first years of multiplication, seed tubers are produced by
specialised growers, growers’ cooperatives, companies or institutes, depending on the country
(Oosterveld, 1987). In later years, seed tubers are produced by growers. The quality of the seed is
usually checked by the inspection services, which certify the seed when it meets the quality
standards. Seed tubers in the Netherlands are automatically declassified one class after each step of
multiplication.

Seed tuber production is characterised by crop husbandry techniques aiming at reducing the risk
of obtaining diseases or multiplying off-types. They include using healthy planting material, roguing
diseased and deviant plants, and controlling pathogens or the vectors that transmit them. An apparent
feature of seed potato production in the Netherfands is the short growing season: the haulm of the
seed crop is killed before the number and the activity of aphids that transmit viruses from diseased
to healthy plants become unacceptably high.

1.4 FRecent developments in seed production: new production systems

1.4.1 Why new systems?

The main disadvantages of a conventional seed programme are the low multiplication rate of field-
grown potato plants, resulting in a slow and inflexible system, and the increasing risk of catching
viral, bacterial or fungal diseases with an increasing number of field multiplications. In north-west
Europe, especially Erwinia species are threatening because they may remain latent {e.g. Weber,
1990) and are difficult to control. Seed programmes in which the desired amount of seeds is
produced in fewer years would alleviate both disadvantages and may improve the health status of
the seed ultimately produced.

A reduction in the number of multiplication years requires a propagule that can be produced in

large numbers in protected environments in a short period. Multiplication of plantlets in vitro meets
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these prerequisites. Two types of propagules can be considered: plantlets produced in vitre or tubers
produced on these plantlets or on plant parts.

1.4.2 Production of in vitro plantlets

Many techniques have been developed during the last decades for producing potato plantlets on
nutrient media in aseptic environments, being referred to as *in vitro’. Many of these techniques are
useful in breeding of new varieties, but there are two valuable in seed tuber production: meristem
culture and the multiplication of plantlets by nodal cuttings.

Meristem culture is the culture of a dissected portion of the meristematic region of a shoot tip,
often after heat treatment of the plants, on a nutrient medium for plant regeneration (e.g. Wang &
Hu, 1980). It is used for rendering diseased cultivars free of (mainly} virus diseases. Although the
use of pre-organised meristems is generally regarded to have a low risk of obtaining aberrant plants
{e.g. Evans & Bravo, 1986), Wright (1983) observed altered characteristics in 1 out of 30 clones
regenerated by meristem culture. This indicates that meristem culture should not be used without
good reason for initiation of in vitro cultures at the start of seed production programmes,

When large numbers of in vitro plantlets with a high genetic and health status are needed in a
short period, the plantlets are commonly multiplied by nodal cuttings (Nozeran et al., 1977, Hussey
& Stacey, 1981; Marinus, 1985) or other techniques that use existing buds for shoot formation
{Goodwin et al., 1980).

1.4.3 Microtubers and minitubers

Throughout the year, two types of small tubers can be produced on in vitro plantlets: microtubers
and minitubers.

Microtubers or in vitro tubers are produced in vitro on complete plantlets or on plant organs by
changing the nutrient medium and/or the external conditions. /n vifro produced tubers generally
weigh 0.2 g per tuber or less (Hussey & Stacey, 1984; Estrada et al., 1986; Garner & Biake, 1989),
though average weights of 0.4 g are reported when produced on liquid media containing growth
regulators (Rossell et al., 1987; Lillo, 1989) and even higher weights are claimed by commercial
companies. If produced on whole plantlets, the number of microtubers usually is limited to one per
plant or explant.

Minitubers are small tubers that can be produced year round in glasshouses on in vitro propagated
plantlets, planted at high density. Their size is 5 - 20 mm (Struik & Lommen, 1990) or slightly
larger. In existing literature the term minitubers sometimes is used for in vitro tubers (Hussey &
Stacey, 1984; Rosell et al,, 1987, Ortiz-Monticl & Lozoya-Saldaria, 1987) or for larger tubers
produced in containers from in vitre plantlets (Jones, 1988; Melching et al., 1993). The number of
minitubers produced can be more than ten per in vitro propagated plant.
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1.4.4 The potential of the new types of propagation material

In vitro plantlets (Jeffries, 1986; Mastenbroek & Eising, 1987; Jones, 1988) and microtubers (Jones,
1988) now are commonly used for speeding up multiplication at the start of seed programmes. In
vitro plantlets and microtubers perform well when they are raised under protected conditions, in beds
(Wiersema et al., 1987) or as transplants in the field (Wattimena et al., 1983) and the growing season
is sufficiently long.

Only minitubers appear suitable for use in the first year of a seed programme in which the number
of conventional field multiplications is to be reduced drastically, because this requires a propagule
that can be planted on a large area by seed growers, directly in the field. For this, the propagule not
only has to be vigorous and of an excellent health and genetic status, but also has to be available
in large numbers at planting time, implying that it needs to be stored and distributed relatively easily.
In addition, it has to produce more common sized seed potatoes of a high quality under less
protected conditions in a growing season that in many countrics (c.g. the Netherlands) is short
because of early haulm killing. fn vitro plantlets and microtubers do not meet these prerequisites.
In vitro propagated plantlets are not suitable for large-scale use because they require careful
handling, cannot be stored without loss of early growth vigour and are bulky (especially after
transplanting), which makes transport laborious. Microtubers mainly appear less suitable because all
published production methods yield very small tubers which have a low early growth vigour if
planted directly in the field (e.g. Haverkort et al., 1991), Only minitubers seem promising propagules
for direct field planting (Horvath & Foglein, 1987) on a large scale.

1.5 The research project

At the start of the research project leading to this thesis, the knowledge on minitubers was limited.
Although ir vitro plantlets were successfully used for tuber production (Marinus, 1985; Mastenbrock
& Eising, 1987), no special production techniques for glasshouse production of minitubers existed
in the Netherlands by which large numbers of tubers could be produced per in vitro plantlet and per
unit area of glasshouse in a short time period throughout the year. This was in contrast to some other
countries (e.g. Leth Pedersen & Féglein, 1987).

The research project aimed at studying the possibilities of producing large numbers of minitubers
per ir vitro plantlet and per unit area of glasshouse space throughout the year, and their performance
under Dutch conditions. The results also might contribute to develioping new production methods and
new production systems for potato seed tubers. The project covered the following three phases of
a production method of potato seed wsing minitubers: (1) the tuber production phase in which
minitubers were produced on ir vitro propagated plantlets in the glasshouse, (2) the storage phase
comprising the period from the harvest of minitubers until planting, and (3) the field phase, in which
minitubers were planted in the field to produce more normaf sized seed tubers. A phase preceding
these three, the production of in vitro plantlets, remained out of the scope of the research because
techniques were already available and more or less optimized (Marinus, 1985).
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Practical results of the project, experiences, and guidelines for the production, storage and use of
minitubers were published in a report (Lommen, 1990) and a paper (Lommen, 1991), both in Dutch,
This thesis concentrates on underlying processes and the mechanisms by which these processes are
affected. It describes, quantifies and analyses effects of techniques employed during production of
minitubers on processes like stolon formation, tuber formation and plant growth and development,
and effects of seed weight and techniques employed during storage on processes like water loss,
sprout growth and plant and crop growth.

The quality of the progeny tubers (health, trueness to type, physiological aberrations, performance)
and their subsequent progenies was not studied here because of practical limitations and the not yet
optimized methods for producing and using minitubers.

1.6 The structure of the thesis

The first part of the thesis deals with the production of minitubers. In chapters 2 and 3 a basic
technique for the production of minitubers is developed and analysed, which yields large numbers
of minitubers per in vitro plantlet and per unit area of glasshouse space throughout the year. In
chapter 4, effects of crop husbandry techniques are described on yield characteristics of minitubers
produced by the technique developed. After this, sufficiently large numbers of minitubers could be
produced to study their performance during storage and in the field. The dry-matter concentration
and dormancy of minitubers are described and quantified in chapter 5, the losses occurring during
storage in chapter 6. Effects of the storage duration on the performance after planting under
controfled conditions are assessed in chapter 7. In chapter 8, detailed studies are described on sprout
growth during storage and on effects of sprout length and planting depth on emergence and plant
characteristics at emergence. The field performance of minitubers is studied in chapters 9 and 10.
Chapter 9 analyses crop establishment and yield formation, chapter 10 yield variation and
multiplication factors. Chapters 5, 6, 8, 9 and 10 all include investigations on the effects of the initial
weight of tubers on their performance. Understanding these effects will facilitate applying the resulis
1o other types of small tubers, e.g. microtubers and seedling tubers. The general discussion, chapter
11, first analyses how plant growth and tuber formation in the tuber production phase are affected
by (a) the preceding in vitro phase, determining the physical and physiological status of the plantlets
used for minituber praduction, (b) the environmental conditions during the glasshouse phase, and (c)
the repeated harvesting technique employed for the production of minitubers. Subsequently, effects
of the storage period and the weight of the minitubers on their performance are analysed, and
possibilities to improve the field performance of the minitubers are explored. Finally, the possibilities

to incorporate of minitubers in a seed production programme in the Netherlands are discussed.
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2 INFLUENCE OF A SINGLE NON-DESTRUCTIVE HARVEST ON POTATO
PLANTLETS GROWN FOR MINITUBER PRODUCTION

Abstract

Incorporating a step of minituber production in seed production programmes of potato, may speed
up multiplication and improve seed tuber quality. Therefore, growth, development and minituber
production of in vitro propagated potato plantlets were studied, after transplanting in the glasshouse
at 350 plants per m?2 under tuber inducing conditions. Plants growing undisturbed were compared
to plants from which tubers > 0.3 g were removed in a single non-destructive harvest, 3 to 8 weeks
after transplanting. In undisturbed plants, tuber initiation slowed down 4 weeks after transplanting,
and only 2 tubers per plantlet were harvested in 11 weeks (average weight 5 g). After a non-
destructive harvest, new stolons and tubers were initiated. However, overall and tuber growth rates
were reduced. Effects of a non-destructive harvest were probably caused by the combined influences
of tuber removal, root damage and deep replanting of the plantlets. The effects of the non-destructive
harvest depended on the growth phase of the plants at the moment the non-destructive harvest took
place: highest tuber numbers and lowest growth rate reductions were observed when growth was at
its maximum. Using this non-destructive harvesting procedure, over 1400 and 2400 minitubers = 0.3

g could be produced per m?

within 8 and 9 weeks after transplanting for cultivars Ostara and Bintje,
respectively. These minitubers (average weight 1 - 2 g) seem suitable for large scale use in a seed

production programme.

Key words: Solanum tuberosum L., minitubers, rapid multiplication, seed production, tuber pruning,
tuber initiation, tuber growth, stolon initiation,

Introduction

Traditionally, the potato (Solarum tuberosum 1..) is multiplied by producing seed tubers. Seed tuber
production is carried out by highly specialized growers or institutions. A complete multiplication
scheme can take more than 10 years. Main problems of a conventional seed programme are the low
multiplication rate of field-grown potato plants and the susceptibility of potato to diseases, which
may be transferred through the seed tubers. With each multiplication in the field, the risk of eatching
viral, bacterial or fungal diseases increases. The health status of the seed tubers may be improved
by reducing the number of field multiplications necessary to produce the desired seed lot. This
requires a propagation material that can be produced in large numbers in protected environments.
Only a few additional years of conventional seed multiplication would then be necessary.

The last decades alternative seed production programmes have been developed in which the first
multiplication steps are speeded up by using ir vifro plantlets (Jeffries, 1986), microtubers (Wang
& Hu, 1982) or minitubers (Van der Zaag, 1990). Microtubers {or in vitre tubers) are produced ir

vitro on in vitro propagated plantlets or shoots. They generally weigh 0.2 g per tuber or less (Hussey
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& Stacey, 1984; Estrada et al., 1986; Gamer & Blake, 1989), though average weights of 0.4 g are
reported when produced on liquid media containing growth regulators (Rossell et al., 1987; Lillo,
1989). Minitubers are produced on in vifro propagated plantlets, planted at high density in a soil
medium in glasshouses and are larger than microtubers (Struik & Lommen, 1990). In virro
propagated plantlets and microtubers nowadays are commonly used (Jones, 1988) and perform well
if raised under protected conditions, in beds (Wiersema et al.,, 1987) or as transplants in the field
(Wattimena et al., 1983), provided the growing season is sufficiently [ong.

For a more drastic reduction of the number of conventional field multiplications, however, these
alternative propagules need to be used on a very large scale, directly for field production. In vitro
propagated plantlets are not suitable for large-scale use because they require careful handling, cannot
be stored without loss of early growth vigeur and are bulky (especially after transplanting), which
makes transport laborious. Microtubers seem less suitable for direct field planting because they are
very small. Thus, minitubers appear to be promising propagules for large-scale use (Struik &
Lommen, 1990). Introduction of minitubers in a seed production programme, however, will only be
successful if they are superior (economically and/or in quality) to both conventional seed and
microtubers,

Therefore, a research programme was started in which the production, storage and field
performance of minitubers were investigated. This paper deals with their production and concentrates
on increasing the number of minitubers produced per in vifro propagated plantlet. Tuber numbers
could possibly be increased by removal of existing tubers (cf. Nosberger & Humphries, 1965),
although this reduces total yield (Burt, 1964; Nisberger & Humphries, 1965). Preliminary
experiments have shown that removal of tubers could indeed increase tuber number, also using a
practical non-destructive harvesting procedure. Tuber number per plantlet, however, depended on the
timing of tuber removal (W.J.M. Lommen, unpublished data). A comprehensive experiment is
described in this paper.

Materials and methods

In vitro multiplication. In vitro plantlets of Solanum tuberosum L. cv, Ostara (early) and cv. Bintje
{mid-early) were multiplied routinely by subcuituring single stem nodes every 4 weeks. Temperature
in the growth room was 23 °C, photoperiod 16 hours and light was supplied by fluorescent tubes
{(Philips 33) at an intensity of approximately 8 W m2 (total radiation). The muitiplication medium
(pH 5.7) contained mineral salts and vitamins (Murashige & Skoog, 1962) plus 2.0 mg Ir! glycine,
80¢g Il agar and 25.0 g I'! sucrose. The normalization medium before transplanting had the same
composition with in addition 0.01 g (! alar-85 % (daminozide). The growing period from the last
multiplication till transplanting was 17 days (cv. Ostara} or 18 days {cv. Bintje).

Culture in the glasshouse. In vitro plantlets were transplanted in a controlled glasshouse into a

mixture of perlite and potting soil (50/50 % v/v) in 13 x 13 x 13 cm pots. A plant density of 350

2

plants per m* was obtained by planting 6 plants per pot in a row in the middle of the pot and joining
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Fig. 1. Treatment codes and schematic explanation of treatments,

all pots. Available N from the soil medium was approximately 230 mg per pot.

The experiment was carried out during winter (December 15 - March 1). Photoperiod in the
glasshouse was 12 hours. Natural light was supplemented to at least 80 W m™2 (total radiation) using
high-pressure sodium lamps (Philips SON-T). Day temperature was set at 18 °C, night temperature
at 12 °C. After 58 days, every pot received 200 ml of a low-concentrated nutrient solution
(Ca(NO5),.4H,0 0.890 g I',, KNO; 0446 g I, KH,PO, 0.135 ¢ 1" K550, 0.140 5 1), MgSO,
THy0 0472 I'l, H,50, 0.034 ¢ I'!, FeEDTA 0.035 g 1", MnSO,.1H,0 2.0 mg I'!, H;BO; 3.0
mg ]'1, ZnS804.7TH,0 0.5 mg ]'], Na;Mo04.2H,0 0.1 mg i and CuS80,4.5H,0 0.1 mg v, pH
6.0).

Treatments and experimental design, Growth and development were analysed after transplanting of
the in vitro plantlets in the glasshouse. One series of treatments involved weekly, destructive harvests
of undisturbed growing plants. At the moment the first tubers had a fresh weight of 0.3 g (3 weeks
after transplanting), another series of treatments started: tubers 2 0.3 g were removed and piants were
replanted, The removal of tubers was carried out, using a non-destructive harvesting procedure,
suitable for practical use. Plants were lified carefully from the soil mixture, tubers = 0.3 g were
removed and plants were replanted into the soil mixture. Whether the weight of the removed tubers
was = 0.3 g had to be estimated, using a diameter of approximately 8 mm as a criterium. Plants were
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always replanted deeper than before. Replanting depth was not recorded but depended on the harvest
date, and increased as the length of the stem part without leaves increased. Care was taken not to
damage stems and stolons. Damage of roots, however, could not be avoided. The non-destructive
harvests were carried out 3, 4, 5, 6, 7 or 8 weeks after transplanting, and were cach followed by a
destructive harvest 3 weeks later, to establish growth and development. Treatments are schematically
represented in Fig. 1. Treatment codes represent the weeks after transplanting at which a harvest
(non-destructive or destructive) took place.

The experimental unit was a pot containing 6 plants, Pots were arranged in a complete randomized
design with 4 replications, 2 cultivars and 17 treatments. Plant density was maintained at 350 plants

per m? throughout the experiment. One row of guard pots surrounded the experiment.

Observations. At a destructive harvest, plants were separated into the following fractions: leaf
(petiole, rachis + leaflets), stem, stolon, root and tuber. Included in the root fraction of plants
harvested non-destructively, were only the roots that were still attached to the plant, and not the roots
that were disrupted at the non-destructive harvest.

Total numbers of sessile tubers (tubers produced at the nodes of the main stem, with no visible
stolon part) and tubers on stolons were scparately recorded. Tubers on the stolon apex had a diameter
of at least twice the stolon diameter, Classification into stolons or sessile tubers and tubers directly
on stolon nodes was based on shape. Tubers were graded into different fresh weight classes.

Stem length of the main stem was measured from the original cutting to the point were new leaves
appearcd. Number of nodes was counted on the main stem, including the visible leaves in the top
part,

At a non-destructive harvest, only tubers = 0.3 g were harvested and graded into fresh weight

classes.

Analysis of data. Treatment effects were compared afier analysis of variance. Depending on the kind
of comparison, different subsets of data were analysed. For growth analyses of undisturbed growing
plants, only the undisturbed growing plants were analysed (11 treatments x 2 cultivars x 4
replications). For studying tuber production in a second harvest, only the treatments with non-
destructive harvests were compared (6 treatments x 2 cultivars X 4 replications). For determining the
effect of a non-destructive harvest and the timing of this harvest, only the treatments with a final
harvest from week 6 onwards were analysed, using harvest number and final harvest time as factors
(2 harvest numbers x 6 final harvest times x 2 cultivars x 4 replications).

Growth rates and relative growth rates. Growth rates (GRs) and relative growth rates (RGRs) that
were analysed statistically, were calculated over a period of 3 weeks prior to the final harvest, using
the following formulas:

W - W21
GR( = —————— x350  (gm2d
21
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n(0.001+W®) - In{0.001+#(1-21))
RGR®) = @l
21

In which:

t = time of final harvest in weeks after transplanting,
W(t) = dry weight in g per plant at t,

W(t-21) = dry weight in g per plant 21 days before t,
350 = number of plants per m2,

21 = number of days in 3-weeks period.

Growth rates were calculated for the different plant fractions. All fractions were combined to
produce overall growth rate.

Average overall growth rates over the whole experiment or part of the experiment, were calculated
from the average dry weight values.

Results
Tuber production during undisturbed growth. The in vifro propagated plantlets grew well after

transplanting into the glasshouse at a plant density of 350 plants per mZ. First tubers were detected
2 weeks afier transplanting (Fig. 2). Total tuber number increased up to 7 weeks after transplanting
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Fig. 2. Development over time of number (A) and fresh weight (B) of tubers in different grades, of
undisturbed growing plants at a density of 350 plants per m*, Average values of 2 cultivars.

Fig. 3. Growth and development over time of undisturbed growing plants at a density of 350 plants per m2.

Dry weights per plant of root and tuber (A), dry weights per plant of leaf and stem (B), dry weight per plant
and number of stolons (D) and node number and length of main stem (D). Average values of two
cultivars. -
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to 2.69 tubers per plant and thereafter declined to approximately 2.15 tubers per plant, due to
resorption (Fig. 2A). Final total tuber number did not differ significantly from the number of tubers
present 4 weeks after transplanting. The number of tubers < 0.3 g declined from 3 weeks after
transplanting onwards, mainly due to passing into > 0.3 g grading. The number of tubers > 0.3 g
gradually increased through the experiment, up to 2.04 tubers per plant, Tuber fresh weight increased
up to 10.65 g per plant and more than 5 g per tuber. The contribution of tubers < 0.3 g to tota] fresh
weight was negligible at the end of the experiment (Fig. 2B).

Plant development and dry weight changes during undisturbed growth, The average overall growth
rate during the experiment (week 1 to 11) was 11.8 g m-2 &1, Growth and development during
undisturbed growth is shown in Fig. 3. During the 11 weeks of the experiment, the plants passed
through 3 distinct growth phases: an early growth phase (0 - 4 weeks), a petiod of maximal growth
(4 - 7 weeks), and a senescence period (7 - 11 weeks).

The first growth phase was characterized by increases in dry weight of all plant parts; root dry
weight, however, only till 3 weeks after transplanting (Figs 3A, 3B and 3C). First stolons were
detected 1 week after transplanting. Stem length, node number of the main stem and stolon number,
all increased during this first growth phase (Figs 3C and 3D). The average overall growth rate,
calculated between week 1 and 4 was 8.6 g m2 gt

During the second growth phase, leaf, root and stolon dry weights remained at more or less
constant levels (Figs 3A, 3B and 3C). Stem and tuber dry weights still increased (Figs 3A and 3B).
Stolon number, stem length and node number also continued to increase (Figs 3C and 3D). Stolons
did not branch and reached an average length of 2 cm, while 3.8 stolons per plant were formed.
Average overall growth rate between week 4 and 7, was 20.7 g m2 4l

During the last growth phase, plants were clearly senescing: dry weights of root, stolons, leaf and
stesn decreased (Figs 3A, 3B and 3C). Only tuber dry weight still increased (Fig. 3A). Stolon number
declined (Fig. 3C). Stem length (approximately 20 ¢m) and node number (approximately 16) ceased
to increase (Fig. 3D). Average overall growth rate during the last growth phase (week 7 to 11) was

Table 1. Influence of timing of the non-destructive harvest on number, yield and size of tubers in different
grades, recorded at the final harvest. Average values of two cultivars. See Fig. 1 for treatment description.

Treatment Tuber number/plant Fresh tuber weight (g)/plant  Fresh weight (g)/tuber

total 203g <03g total 203g <03¢g total 203g <03¢g

3+6 365  1.50 2.15 2.86 278 0.08 0.81 1.97 0.04
447 740 250 4.90 342 3.1%9 0.24 048 .26 0.05
5+8 972 323 6.49 4.58 4.2] 0.37 0.50 1.38 0.06
6+% 1297 344 933 3.78 331 048 0.29 1.08 .05
7+10 875 202 6.71 2.07 175 032 0.24 0.86 0.06
8+11 7.71 1.17 6.54 1.12 0.84 0.28 0.15 0.77 0.05

LSD 5 % 328 068 2.94 0.95 0.38 0.14 0.15 0.35 0.02
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76gm2dl.

Influence of a non-destructive harvest at different time intervals after planting on tuber production.
After removing tubers = 0.3 g in a non-destructive harvest, many new tubers were initiated on
existing stolons, newly formed stolons and directly on the below-ground part of the main stem.
Number, fresh weight and size of tubers at the final harvest, 3 weeks after the non-destructive
harvest, are shown in Table 1. Total tuber numbers at the last harvest were on average almost 4
times as high as the numbers observed in undisturbed growing plants (Fig. 2A). The number of
tubers = 0.3 g increased on average by almost 30 %. Tuber number at the second harvest, however,
depended strongly on the timing of the first harvest. Postponing the first harvest from 3 to 6 weeks
after transplanting, increased the number of tubers in the second harvest. Further postponing
decreased the total number of tubers in the second harvest, though it was still higher than in
undisturbed plants, Highest tuber numbers in the second harvest were observed in treatment 649, in
which the plants were harvested both 6 and 9 weeks afler planting: 12.77 tubers per plant. Highest
numbers of tubers = 0.3 g were also observed in this treatment: 3.44 tubers per plant. Tuber numbers
in treatment 548 were lower, but not significantly. The majority of the tubers in the second harvest,
however, was smaller than 0.3 g. The later the first harvest, the higher the proportion of small tubers
in the second harvest.

Tuber fresh weight in the second harvest (Table 1) was reduced, compared to undisturbed growing
treatments (Fig. 2B). Like tuber number, tuber fresh weight in the second harvest also depended
strongly on the timing of the first harvest. Postponing the first harvest first increased and later
decreased tuber vield. The increase in yield, however, was not as strong as the increase in tuber
number. Maximum tuber yield was attained by treatment 5+8, with treatment 6+9 not differing
significantly. The decrease in tuber yield by further postponing the first harvest was much stronger
than the decrecase in tuber number. The contribution of tubers < 0.3 g in total tuber yield was smaller
than the contribution of tubers = 0.3 g.

The later the first harvest, the lower the average weight per tuber in the second harvest (Table 1).
The average weight per tuber remained below 1 g when all tubers were taken into account, and
below 2 g when only tubers = 0.3 g were taken into account.

Both higher numbers of sessile tubers and of tubers on stolons were produced in the second
harvest (Table 2). While in undisturbed growing plants only 6.0 % of the tubers were sessile, in a
second harvest on average 39.1 % of the tubers were sessile. However, the later the first harvest, the
higher the percentage of sessile tubers. Postponing the first barvest from 3 to 8 weeks, increased the
proportion of sessile tubers from 14.2 % to 57.7 %.

A non-destructive harvest increased the number of tubers per stolon without increasing the average
stolon length (Table 2).

Influence of a non-destructive harvest at different time intervaly after planting on plant development
and dry matter production. Qverall growth rate {GR) of harvested plants, calculated over the 3-weeks
period between harvests, was on average 56 % of the overall GR of undisturbed growing plants




CHAPTER 2

"15aAIRY SANDIUISSP-UOU 21U JO 1931J0 2yl U0 15aakey Jo Fuiwn 1) Jo souan[juf s

00 T d WEIuBIS 100 SU CO0 > d 5 (00 4 (100> d S 10000 ax ‘[00°0 > d sss S2MENDS Usatn uonoRINM

ysuede poajsa) alom §10910 WIBW Jo sarenbs UBSW ‘STALIRY)() PALINGIO UONDRINUT 01 J1 sarenbs meaw Jovin jsuteSe pajsas alom 51934e Ulell Jo sarenbs Ueajy q
“Ajuo suojors uo padnposd swaqny, ,

L0l bl 'l % & O5T-

su su su su su e - . SUOnOELAIL -

. su kn . su su su su HI9m 1soATRy [BUY] -

su su sa - - . e - 1S9ATBY 9ATIONIISIP-UOU -

auuﬁqum_m

£5r 96! 9 (34 &'l '6¢ 95'F LFE upaitl

el 0T 60 It It LLs pee 61t {1 534 11+8

orl §'6! ¥l (41 9l £Ls 139 4 00's 01 L2 01+L

£9l ¥iz ¥l Ls 801 Ly 4 LLY 009 6 EEIN 6+9

791 9Iz gl Le tr A 8'6C PO 89T 3 sak 8+5

(44! 891 I'e 14 0Tl 96l ws §¢C L s3k L+¥

14! cLl 3l e 80 vl 90°¢ 80 9 sak S+t

rel o0 8l 43 &0 09 0'e 174/] upaul

¢sl [A L ¥l 8T 68°0 I'v ¥oe 010 11 ou 11

¥l g6l Ul LT 120 7L P61 s1°0 01 ou 0l

66l 00T 81 St 6’0 9 T or'o 6 ou 6

g€l 90T £T €t 6F0 1's POz oro 8 ou 2

6'S1 602 0z 8'e 99’0 ¥ 05T 610 L ou L

34! gl re re 99°0 76 96'1 £Z0 9 ou 9
wPs uretm (um) (wo) yued sad  uojors sad sIaqm) Suo[oIS squy
uo Jaquinu yigusj uojos Iad Su0j0ls sraqny S[Issas U0 sleqm o[Issas
9poU UlRW WS WEW yBua) Jo Jaquinu JO Jsquinu JO 9, JO JBqunu  JO Ioquunu

yoam 159ATRY
SDIISLI9IBIRYD SANSUFIRIRYD $OT)S11910ETRYD JsoAley JAnONAS3p
uney uofolg Jaqn], feutd -UON  juounealy

wondussep jmounear Jof [ ‘Sid 395 'SAUNO 0 JO SaN[eA aSeidAy ISSAIRY [BUY 9U) B
PapIOIRI ‘SOTISLIAISRIEYD WINEY pUe UO[OJS “JAN) U0 oM ISIAIRY [BUIJ DU “JSSATEY [BUL 1) 2I0J3q SY0M £ °ISOATERY SAUDMISIP-UOU B JO 3oUsnju] 7 J[qel




EFFECT OF A NON-DESTRUCTIVE TUBER HARVEST ON POTATO PLANTS 29

(Table 3). The effect of a non-destructive harvest, however, depended on the timing of the first
harvest. [t was considerable at early harvests (treatments 3+6 and 4+7), when GR of the harvested
treatments was reduced to 43 % and 34 % of the GR of undisturbed growing treatments, but most
severe at a late harvest (treatment 8§+11), when GR was reduced to 19 %. Differences between
undisturbed growing plants and harvested plants were not significant when plants were harvested for
the first time after 5 or 6 weeks (treatments 5+8 and 6+9).

The negative GRs of the root fraction were reduced even more by a non-destructive harvest (Table
3).

The influence of a non-destructive harvest on leaf GRs depended on the timing of the harvest
(Table 3). Leaf GR was reduced when the non-destructive harvest took place early (treatments 3+6
and 4+7).

Table 3. Influence of a non-destructive harvest, 3 weeks before the final harvest, and final harvest week on
growth rates of different plant parts and overall, calculated over a 3-weeks period before the final harvest, in
gm" al, Average values of two cultivars. See Fig. 1 for treatment description.

Treatment Non- Final Growth rates

destructive harvest

harvest week overall root stolon leaf stem tuber
6 no 5 15.6 -0.005 0018 1.49 0.55 135
7 no 7 20.7 -0.031 0.003 -0.08 0.65 201
8 no 3 16.8 -0.012 -0.005 -1.19 0.22 17.8
9 no 9 124 -0.065 -0.007 -1.53 0.26 13.8
10 no 10 6.4 -0.035 -0.041 -1.50 -0.50 78
11 no 11 7.0 -0.039 -0.027 -1.1¢1 -0.12 83
mean 13.2 -0.031 -0.010 -0.65 0.18 135
3+6 yes 6 6.7 -0.061 0.013 032 0.30 6.2
A4+7 yes 7 7.1 -0.093 0.022 -1.23 0.02 8.4
5+8 yes 8 135 -0.018 0.141 -0.62 0.41 135
6+9 yes 9 10.7 -0.060 0.020 -1.37 0.22 11.9
7+10 ves 10 3.8 -0.046 -0.014 -1.60 -0.49 6.0
8+11 yes 1 13 -0.120 -0.027 -1.46 -0.31 1.2
mean 7.2 -0.067 0.025 -0.99 0.03 82

Significance®

- non-destructive harvest * * ns ns ns *

- final harvest week ns ns ns * ok ns
- interaction b ns * * ns L
LSD 5 % 4.4 0.067 0.79 3.7

8 Mean squares of main effects were tested against error mean squares if no interaction occurred. Otherwise,
mean squares of main effects were tested against interaction mean squares. *** P < 0.001, ** 0.001 < P <
0.01, * 0,00 < P < 0.05, ns not significant: P = 0.05.

Influence of the timing of harvest on the effect of the non-destructive harvest.
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No significant influence of a non-destructive harvest was observed on GRs of stems (Table 3),
stem length (Table 2) or node number (Table 2).

A non-destructive harvest increased stolon numbers from 3.2 to 4.5 stolons per plant (Table 2).
The timing of the non-destructive harvest did not significantly affect this increase, but stolon GR was
stimulated most when the first harvest took place after 5 wecks (trecatment 5+8, Table 3). Stolons
did not branch.

A non-destructive harvest also reduced tuber GRs (Table 3). Similar to overall growth rate, the
effect was most severe when the first harvest took place early (treatments 3+6 and 4+7) or late
(treatment 8+11).

The influence of a non-destructive harvest on average relative growth rates (RGR) is shown in
Table 4. RGRs of roots were lower in treatments which were harvested non-destructively.
Differences in stem, leaf and overall RGRs were not significant at a 5 % level. RGRs of stolons and
tubers were higher in treatments which were harvested non-destructively. Tubers had higher RGRs
than other plant fractions. Tubers were followed by stems when plants were growing undisturbed.
In treatments in which plants were harvested twice, however, stolons had higher RGRs than stems.

Effect of cultivar. Generally, treatment effects were highly significant, even if mean squares were
tested against mean squares of a cultivar x treatment interaction, in case such an interaction existed.
Therefore, only average values of the two cultivars were presented.

Cv. Ostara, however, showed a slightly faster development than cv. Bintje. Leaf and total dry
weights of cv, Ostara increased faster, but cv. Ostara also showed an earlier decline in growth rate.
Cv. Bintje usuaily produced more tubers than cv. Ostara, but the individual tuber weight was lower.

Both cuitivars produced highest numbers of tubers in the second harvest in treatment 6+9. Cultivar
Ostara, however, reached its maximum tuber weight and its maximum number of tubers > 03 g
carlier than c¢v. Bintje.

Table 4. Relative growth rates (RGRs) of different plant parts, calculated over a 3-weeks period before the
final harvest, in treatments with and without a non-destructive harvest 3 weeks before the final harvest.
Average values of two cultivars and six final harvest weeks (d™*).

Plant part RGR control  RGR afler non-destructive harvest  Significance®
Root -0.007 -0.017 *E

Stolon -0.010 0.002 *

Leaf -0.012 -0.018 ns

Stem 0.006 0.001 ns

Tuber 0.056 0.184 **

Overall 0.039 0.035 ns

8 Mean squares of main effects were tested against error mean squares if no interaction with final harvest
week occurred. Otherwise (leaf}, mean squares of main effects were tested against interaction mean squares.
** 0.001 <P <001, * 0.01 <P <0.05, ns not significant: P 2 0.05.
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Practical implications of a non-destructive harvest for a minituber production system. For practical
purposes, tubers = 0.3 g of both the non-destructive harvest (1st harvest} and the final harvest (2nd
harvest) are of interest. In Figs 4 and 3, tuber numbers of both harvests are combined and presented
on a square meter basis, separately for both cultivars and different grades. Cultivar Qstara (Fig. 4)

2

produced over 1400 tubers = 0.3 g per m*~, when harvested 5 and 8 weeks after transplanting

(trcatment 5+8). The number of tubers produced by this cultivar in treatment 6+9 was lower, but not

significantly. Cultivar Bintje (Fig. 5) produced over 2400 tubers = 0.3 g per m?

, when harvested 6
and 9 weeks after transplanting (treatment 6+9). Further postponement of the first harvest caused a
severe drop in the number of tubers = 0.3 g produced by cv. Bintje.

In general, the contribution of the second harvest to the combined tuber number decreased, when
the first harvest was later (Figs 4 and 5). The decrease was stronger for the larger tuber sizes. While
in treatment 3-+6 all tubers = 2 g were produced in the second harvest, all tubers = 2 g in treatment
8+11 were produced in the first harvest.

Combining tubers of both harvests, the average fresh weights of tubers > .3 g were always larger

than 1.0 g (Figs 4 and 5).
Discussion
Undisturbed growth at a high plant density

Undisturbed growing plants completed their growth cycle very rapidly (Fig. 3). This will have been
caused by the experimental conditions, known to hasten plant senescence:

1. the conditions in the glasshouse, stimulating tuber initiation;

2. the high plant density of 350 plants per m2;

3. the choice of early and mid-early cultivars;

4. the fow fertilization.

Tuber formation was very early: first stolons were observed | week after transplanting (Fig. 3C),
first tubers 2 weeks after transplanting (Fig. 2ZA). The short photoperiod, an intermediate temperature
and the additional illumination all accelerated tuber initiation (Bodlaender, 1963) and therefore may
have reduced the number of tubers.

Undisturbed plants produced only 2.14 tubers p]ant'] (749 tubers per mz) in 11 weeks (Fig, 2A).
This apparently low tuber number was not merely caused by a lack of stolons or possible tuber sites,
because under undisturbed conditions, the number of stolons (Fig. 3C) was always larger than the
number of tubers (Fig. 2A).

The final tuber number, however, was lower than the number of tubers initiated, because
resorption occurred during plant senescence (Fig. 2A). In our experiment, the dynamics of tuber
number reflected the changes in growth and development during the different growth phases. The
final number of tubers did not differ significantly from the number of tubers present at the end of
the first growth phase (4 weeks after transplanting), i.e. the moment leaf dry weight ceased to
increase (Fig. 3B). During the second growth phase (4 - 7 weeks), leaf weight remained constant
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(Fig. 3B). Deterioration of old leaves must have matched production and weight increase of new
leaves, because node number stifl increased (Fig. 3D). During this period of maximal leaf weight
the number of tubers increased only slightly (Fig. 2A), but overall- and tuber dry weight increases
were maximal (Table 3). The number of tubers initiated during this second growth phase, was similar
to the number resorbed during senescence (7 - 11 weeks). This resorption was associated with a
decay of stolons and a decrease in dry weight of all plant parts except tubers (Fig. 3).

Influence of a non-destructive harvest on plant growth and development

A non-destructive harvest of tubers = 0.3 g involved three actions that could have caused the
observed changes in plant growth and development:

1. removal of tubers, resulting in breaking of apical dominance of the dominant tuber at the stolon
apex, and changes in the possibilities for assimilate partitioning;

2. damage of roots, resulting in a temporary drought stress, a change in root:shoot ratio, and possible
changes in production of growth regulators;

3. replanting deeper than initially, resulting in more stem nodes being exposed to below-ground
conditions.

The timing of the non-destructive harvest strongly influenced the effects of these actions.

Overall growth rate. The reduction of overall growth rate observed in our experiment (Table 3) can
be attributed to both the removal of tubers and the demage of roots. Removal of tubers (Burt, 1964;
Moll, 1986) or tubers plus stolons (Nosbetger & Humphries, 1965) reduces overall growth rates and
net assimilation rates, by lowering the rate of photasynthesis. In our experiment, root damage will
also have contributed to the reduction of the overall growth rate. The plants showed visible wilting,
but always recovered within 2 days. This drought stress may have reduced production by reducing
the photosynthesis per cm? of leaf (cf. Moorby et al., 1975; Vos & Oyarzin, 1987) and by reducing
the leaf area as a result of a reduced leaf expansion (cf. Munns & Pearson, 1974).

The influence of drought stress on leaf expansion will be most important when young and
expanding leaves are present, i.e. at early harvest moments. Significant reductions of leaf growth
rates only occurred after early non-destructive harvests (Table 3). This explains why overall growth
rate was reduced considerably after early harvests but less after intermediate harvests (Table 3). The
reduction in total growth rate, however, was most severe after the latest harvest date, since the
senescing plants were not able to adapt anymore.

Haulm characteristics. No significant differences were found in stem growth rates (Table 3), stem
length and node number (Table 2) between undisturbed growing plants and harvested plants. The
same applies to leaf growth rates at later harvest dates (Table 3). This contrasts with Burt (1964} and
Nasberger & Humphries (1965), who found higher stem and leaf dry weights after removal of tubers.
In our experiment, however, the damage of roots will have counteracted this effect. Root damage
generally reduces the weight of the upper plant parts, as found by Moore (1937) after root pruning.







