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·THE PRODUCTIOll AND UTILIZ'\'rION OF POTATO HICROTUBER8

Ph.D. Dissertation

Plant Science

ABSTRACT

A protocol is presented for the rapid (28 days) induction of
microtubers on micropropagated, layered potate plantlets of

'Kennebec','Russet Burbank' and 'Superior' in medium devoid of
growth regulators. with this method the addition of coumarin, 6­

(2-chloroethyl)-trimethylammonium chloride and 6-benzylamino­
purine to the microtuberization medium either had no effect or

significantly reduced microtuber weight per plantlet. Increasing

the incubation period from 28 to 56 days significantly increased

the weight of microtubers per plantlet and the proportion of

microtubers heavier than 1 gram. Increasing the volume of

microtuberization medium from 50 to 100 ml significantly

increased the number of microtubers per plantlp.t. Microtuber

dormancy periods were cultivar-specifie and microtubers ~250 mg
had longer dormancy periods as compared to microtubers >250 mg.

A positive correlation was established between endogenous
abscisic acid levels and microtuber dormancy periods.

Microtubers ~250mg had lower specifie gravity, fewer eyes and

produce fewer sprouts than microtubers >250 mg. Microtuber­

derived plants were generally single-stemmed. Severe

physiological ageing treatment (>2500 degree-daysj.'had no effect
,. i,

on microtuber sprout development, stem number, tuber TIurn.ber and

only minimally influenced tuberweight of microtuber-dJ~iveù
plants. Decreasing field in~row planting density from 30 to 10

cm reduced tuber weights and numb~rs per plant but increased them

on a per hectare basis. Economie analysis indicated that optimum

planti~g density varied depending on plantlet cost. The optimum

planting density was 10 cm if the cost of plantlet was $0.10 or

less, 20 if plantlet cost were from $0.10 and $0.20 and 30 cm for

plantlet cost greater than $0.20. A potato seed tuber

certification program adapted to the needs and constraints of

Egypt is presented .
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PRODUCTION ET UTILISATION DE MICROTUBERCULES DE POMME DE TERRE

Thèse de Doctorat
Plant Science

RESUME
Un protocole est présenté pour l'induction rapide (28 jours)

de microtubercules à partir de plantules de pomme de terre de
'Kennebec' , 'Russet Burbank' et 'superior' dans un milieu exempt
de régulateurs de croissance. Avec cette méthode, l'addition de
coumarine, 6-(2-chloroethyl)-trimethylammonium chloride et de 6­
benzylaminopurine ~u milieu de croissance n'a eu aucun effet ou a
réduit d'une manière significative le poids des tubercules par
plantule. L'augmentation de la période d'incubation de 28 à 56
jours a accru le poids de microtubercule par plantule ainsi que
la proportion de microtubercule pesant plus de 1 gramme.
L'augmentation du volume de milieu de microtubérization de 50 à
100 ml, a eu pour effet d'accroître le nombre de mtcrotubercule
par plantule. La période de dormance des microtubèrcules variait
de façon spécifique selon le cultivar et les microtubercules ~250

mg avaient une plus longue période de dormance que les
microtubercules > 250 mg. Une corrélation positive fut établie
entre le niveau d'acide abscisique des microtubercules et.la duré
de la période de dormance. Les microtubercules ~250 mg avaient
une gravité spécifique plus faible et possédaient moins d'yeux et
produisaient moins de germes que les microtubercules >250 mg.
Les plantes issues des microtubercules produisaient généralement
une seule tige. L'augmentation sévère de l'âge physiologique des
microtubercules (2500 degrée-jours) n'a eu aucun effet sur le
développement des germes, le nombre de tige ainsi que sur le
nombre de tubercules produits et n'a que faiblement influencé le
poids des tubercules produits par plants. Au champs, la
réduction de la distance 'de plantation de 30 à 10 cm entre les
plants issus de plantules produits in vitro a eu pour effet de
décroître le nombre et le poids des tubercule produits par plants
mais a eu pour effet d'augmenter le nombre et le poids des
tubercules à l'hectare. L'analyse économique des résultats a
démontrée que la distance optimale de plantation variait selon le
coût de production des plantules. Unprograme de certification
de la pomme de terre tenant comptes des besoins et contraintes en

Egypr est présenté .
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CHAPTER 1. INTRODUCTION

1.1 General Introduction

The Solanaceae ranks among the most important of the plant

families that serve mankind. It includes food plants such as the

potato (Solanum spp.), tomate (Lycopersicon esculentum), pepper

(Capsicum spp.) and eggplant (Solanum melongera), medicinal and

poisonous plants (Datura spp., Mandragora officianum and Atropa

belladonna) and the "weed" tobacco (Nicotiana tabaêcllm) (Heiser,

1969). There are 162 tuber-bearing Solanum species, of which 8

are cultivated (Hawkes, 1978). Among these S. tuberosum, a

tetraploid, is the only world-wide distributed specie. The

others are cultivated in South America, including four diploid,

two triploid and one pentaploid species (Hawkes, 1978).

The potato is grown in more countries in the world (79%)

than any other food crop except maize (Zea mays). The volume of

potato production ranks fourth globally after rice (Oryza

sativa), wheat (Triticum aestivum) and maize (Woolfe, 1986). The

importance of potato in industrialized countries is well known.

However, its importance in developing countries is less widely

recognized. The Food and Agricultural organization (FAO)

statistics show that potato production increased by 120 % frorn

1961-65 to 1986 in developing market economies (FAO, 1990).

The contribution of potato to the human diet is not to be

underestimated. For thousands of years potatoes have been used

to support the growth and health of populations in the Andean -

1



• highlands of South America. The Irish and Scots were dependent

on potatoes as their principal source of food from the 17"' to"the

19"' century, up unti,l the devastating potato blight (Phytophtora

infestans) of 1846-47 (Hawkes, 1978; Woolfe,' 1986).

On a per hectare basis, potato yields more carbohydrates

than any other food crop, and is second to soya (Glycine max) in

protein production. The potato proteins are good complements to

cereal proteins, being rich in lysine and low in methionine

(Woolfe, 1986).

Since potatoes are vegetatively propagated, pathogens are

passed from generation to generation and may build up in the

population causing serious yield losses. World-wide losses of

potato yield through disease have been estimated at 30 % (Wang

and Hu, 1985). certification programs have been established in

many countries including canada, to reduce the level of pathogens

in seed tubers, thus increasing their quality. It is possible to

obtain plant material devoid of pathogens through shoot tip

culture, which is usually preceded by thermotherapy. The

specific pathogen tested (SPT) plantlets obtained through '

thermotherapy and shoot tip culture can then be cloned in vitro

and introduced into seed tuber certification programs.

,~ In Quebec, the seed tuber certification program relies on

thermotherapy followed by shoot tip culture to obtain SPT plant

material. From the SPT material minitubers are induced under

semi-controlled environments. These are field-planted on

government or private farms for further multiplication. After

2
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three fi~ld seasons the seed tubers are sold to certified seed

producers who multiply them for one or two additional seasons

before sale to commercial growers in the province.

In Québec, the entireprocess of releasing a new cultivar

or "cleaning" and re-releasing an existing cultivar may"take up

to 7 years, from the time of its reception in La Pocatière to its

sale to the commercial potato growers. Our previous work showed

that both ex vitro plantlet- and microtuber-derived plants

produced more tubers than seed tuber-derived plants under Quebec

field conditions (Leclerc and Donnelly, 1990). An increased

reliance on tissue cultured propagules could significantly

enhance the phytosanitary quality of seed tubers and reduce the

costs associated with producing potato seed tubers; primarily by

reducing the number of field seasons necessary to suppîy the

commercial demand. Microtubers are easier to store, ship and

plant than are in vitro plantlets; their utilization in seed

tuber certification programs would be advantageous. However, the

higher production costs of microtubers compared to in vitro

plantlets and the ~eneral lack of information concerning several

aspects. of theîr production and utilization of microtubers has

limited their use in seed tuber certification programs.

1.2 Thesis objectives

The goal of this research was to optimizc the methods of

production and utilization of in vitro microtubers and

micropropagated plantlets. Experiments were designed to address

3



•

•

fundamental questions concerning the production and utilization

of microtubers in seed certification programs. The objectives

were to:

1. Determine the influence of genotype, growth regulators and

incubation period on in vitro tuberization of layered plantlets

and nodal cuttings. Evaluate how the formation of microtubers on

layered plantlets is affected by environmental pre-conditioning

of plantlets and by the volume of tuberization medium.

2. study the effects of growth regu+ators (coumarin, CCC and

BA) incubation periods, microtuber size and the role of

endogenous abscisic acid in microtuber dormancy.

3. - Determine how several microtuber characteristics including

specifie gravity , eye number and bud maturity are affected by

growth regulators, incubption periods and microtuber size. study

the influence of apical dominance on microtuber sprouting and

subsequent stern development.

4. Investigate the effect of physiological ageing on the

yield of microtuber-derived plants grown in the greenhouse.

5. study the effect of in-row planting density and planting

depih on the yield of ex vitro-derived plants grown in the field.

6. Evaluate the possibility of establishing a potato seed

certification program in Egypt based on tissue culture

technologies and design a certification program adapted to the

particular needs of Egypt .

4
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CHAPTER 2. LITERATURE REVIEW

2.1 Patata Seed Tuber certification

When the Spaniards introduced the potato to Europe in the

16 fu century, they selected onll' a few genotypes from the plethora

of wild, semi-cultivated and cultivated species and varieties

that existed in the New-World. For more than 150 years only 2

recognizable genotypes were growni both from the species Solanum

tuberosum (Salaman, 1949).

In the early and mid 1S"' century the number of recognizable

genotypes under cultivation increased rapidly. The breeding and

selection that was done by farmers and agriculturists had only

one objective: to overcome the depressing effect of "curl" in the

varieties under cultivation. By 1775, the incidence of "curl"

was so serious that it threatened the cultivation of potato on

the European continent (Salaman, 1949).

The creation of new genotypes through hybridization

temporarily eliminated the problem, but after several years of

cultivation the "curl" would again affect the new cultivars.

Nevertheless, it was a common observation, for over a hundred

years, that potato seed tubers derived from plants grown in~the

highlands gave rise to healthier plants than did seed tubers

grown in sheltered enclosures anywhere in the British Isles.

From this observation, the foundation for potato seed tuber

certification was established and farmers in Scot land could

specialize in seed potato production. Nevertheless, it was not

5
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until the pioneer work of Orton early in this century that the

"curl" was associated with viral diseases (potato virus 'i, M and·

leaf roll; Salaman, 1949). A number of different viruses were

later identified and it was demonstrated that viruses could be

spread by green flies (Aphis spp.) and aphids (Myzus spp.). It

was then possible to adopt a scientific approach to potato seed

certification. "Healthy" potato seed tubers could be selected

and multiplied in areas where vectors were absent or could be

controlled. Seed certification programs were established in the

early 1920's in Canada and the United states (Wright, 1988) and a

few years later in Europe (Salaman, 1949). These certification

programs permitted a considerable yield increase but suffered a

number of drawbacks: the production of "virus-free" stock of

potato clonal varieties depended upon finding an apparently

uninfected plant to start the stock. It was not possible to

guarantee that seed tubers were actually virus-free. It was not

possible to detect and select against the latent viruses PVX

(discovered in 1925) and PVS (discovered in 1952).

The major breakthrough in potato seed tuber certification

came with the advent of tissue culture and pathogen detection

technologies. Using thermotherapy in combination with meristem

tip culture Stace-smith and Mellor (1968) were able to obtain

virus-free potato plants of several cultivars. Globally, tissue

culture technologies became a permanent feature of potato seed

tuber certification programs. This has contributed to the

imprèved field performance of potato seed tubers and was

6
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effective in controlling a number of tuber-borne diseases. In

turn, this has promoted the acceptance of tissue culture

technologies in seed tuber certification programs (Knutson,

1988) .

2.2 Potato Seed Tuber certification in Industrialized countries

Tissue culture technologies have been adopted by European

and North American seed tuber certification programs. In order

to assess the impact of this technology and the degree of

similarity or difference between the various programs a survey

was conducted by Jones (1988). Questionnaires were sent to 29

North American and 39 European certification agencies and to 9

commercial companies and 4 certified seed growers in the United

8tates. Questionnaires were returned by 22 North American and 14

European certification agencies, 4 commercial companies and 4

certified seed growers. The results showed sorne differences

between the different programs.

In Eurcpe, most programs have developed their own

capabilities for producing specific-pathogen tested (8PT)

material while in North America most states and provinces

programs rely on other agencies or commercial companies to get

the 8PT material. pathogen testing is done by each program using

a multitude of different tests performed in a variety of ways

prior to the rapid multiplication phase. Different plant parts

are tested for the detection of pathogens depending on the

programi including each initial plantlet (29%), mother plant

7



~ (28%), mother tuber flesh (22%) or mother tuber sprout (21%). In

North America and Europe, virus indexing was conducted 94% of the

time either alone or in combination with other tests such as

those for bacteria 84%, Potato spindle Tuber Viroid (PSTV) 64%

and fungi 49% of the time. Virus indexing after the initiation

of rapid multiplication was carried out in 92% of the programs.

Enzyme Linked Irnmunosorbent Assay (ELISA) was the most widely

used test, followed by mechanical assessment (inoculant rubbed

ante indicator plants). Other tests included latex

agglutination, chloroplast agglutination and leaf disk assays

using transmission electron microscopy. BacterOia-testing prior

to rapid multiplication was performed by one or many testing

procedures. The most frequently used procedures were nutrient

broth, ELISA, irnmunofluorescence and Richardson solution. PSTV

was tested for by 73% of the programs. The most comrnonly

employed test for PSTV in North America wer~,the nucleic acid

hybridization test (NAH) , polyacrylamide gel electrophoresis

(PAGE) and the tomate challenge test. PAGE and the tomato

challenge test were the most frequently used tests in Europe.

Fungi were tested for by 68% of the programs in North America and

44% of the European programs. The most frequently used

assessment media for the presence of fungi were the Richardson

solution, nutrient broth and potato dextrose agar.

Ex vitro plantlets were used alone or in combination with

other procedures by 90% of North American and 94% of European

programs. Stem cuttings were also used in 30% of North American

~
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and 25% of European programs. Five percent of North American and

12% of European programs made use of microtubers in their

multiplication scheme.

continuous propagation of in vitro material (not starting in

vitro material each year) was used by 40% of North American

programs compared with 67% of European programs. Only 1 out of

35 programs surveyed reported more somatic mutation or variants

from continual in vitro culture compared to the previous method

of seed tuber production (tuber-unit method). For both North

America and Europe most programs (89% and 86% respectively)

agreed that it was necessary to observe field increase

originating from in vitro propagation before releasing seed tuber

stock to growers.

An attempt was made to compare yield data between the

different programs. The variation in the environmental

conditions (greenhouse type, lighting, cultivar, time of year at

planting, planting density per pot or hill) made it impossible to

draw conclusions. However, it appeared to the author that ex

vitro plantlets grown in glass greenhouses with high pressure

sodium light gave better yields than those transplanted iDto the

field. The European programs surveyed reported a total annual

production of 842 000 plantlets of which 300 000 were produced by

a single country, presumably Holland. Similarly, of the total

355 450 stem cuttings 98% were produced by a single country. In

North America plantlet production totalled 579 700 while stem

9
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cutting production was 44 3000. In addition, 195 000 plantlets

were produced by 4 private growers (Jones, 1988).

The advantages to using micropropagated seed tuber stocks

was acknowledged by all programs. These included a 10 to 38%
,

yield increase, increased vigour and uniformity and increased

ability to withstand and recover from environmental stress.

In North America, seed tuber certification is carried out by

various Provincial and state organizations. Each program was

expected to supply certi:ied growers with a limited amount of

clean planting stock of as many varieties as are of local

interest (Addy, 1988). While this system has made significant

contributions to the North American potato industry,

certification agencies were not considered or expected to be a

conduit for the introduction of new technologies. The

regulations were often different from program to program. The

integration of the North American economy, the national and

international seed tuber marketing opportunities and the entry of

private firms into the seed tuber certification process will

encourage greater uniformity among programs (Knutson, 1988).

The establishment of private firms in the seed tuber

certification industry is likely to have a most significant

impact. Due to their mandate, state and Provincial certification

agencies are not preoccupied by volume production, which tends to

make these programs expensive to operate and to maintain.

Furthermore, in an attempt to reduce costs to the certified

growers, evaluated at $15 000 to $37 000 perha for~
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micropropagated eeed tuber stock alone (Knutson, 1988) l "clean"

stocks arp. generally grcwn on for several generations in the

field before being released to certified growers. This practice

increases the risk of pathogen reinfection. The presence of

volume produc~ion-orientedprivate firms is likely to reduce the

cost of producing basic seed tuber stock. Furthermore, efficient

volume production is likely to reduce the time necessary for the

release of new cultivars. The introduction of newly patented

cultivars developed either through conventional breeding or by

genetic engineering techniques will most definitely need a

different approach to seed tuber certification. AlI these

changes are likely to modify the role of the existing seed tuber

certificaticn agencies.

The increased utilization of tissue culture techniques in

the production of SPT seed tubers has lead the Certification

section of the Potato Association of America to recommend

standards and guidelines to assure uniform quality of seed tubers

produced throughout North America (Johansen et al., 1984).

Two distinct levels of production are involved in developing

';"basic" seed tuber stock. Level l involves the development of

SPT plantlets and level. II entails their rapid multiplic.!(':ion.

In level l, the "stock" plants and/or tubers from which explants

are removed are carefully selected from high yielding clonaI

lines true toêvarietal type. To maximize the opportunity to

provide a broad genetic base and to avoid selecting a tuber that

may carry a genetic mutation, it is recommended that explants be

11
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derived from 10-15 tubers (Johansen et al., 1984). Regeneration

from callus is avoided due ta the increased risk of somatic

mutations. Plantlets derived from each initial explant are

screened for the presence of pathogens including bacteria, fungi,

viruses and the patata spindle tuber viroid (PSTV). Screening is

done as early as possible ta avoid discarding large numbers of

diseased plants at a later date. The performance of level l seed

tuber stock is evaluated annually under field conditions ta

assess the phenotype and yielding ability of the clonal lines.

Before distribution into certified seed tuber programs

representative samples of plantlets produced during level II are

tested for specifie pathogens. Ideally, the plantlets or

microtubers are used as entry level stocks moving into a

flush-through system where initial material is always being

replaced by new SPT material.

Since the implementation of micropropagation techniques in

North American and European seed tuber certification programs,

yield increases of 10 ta 38% have been reported along with

increased plant vigour, uniformity and ability ta withstand and

recover from environmental stress (Jones, 1988).

2.3 Potato Seed Tuber certification in Canada: the Exarnple of

Quebec

Patata seed tuber certification in Canada is regulated by

the Seed Act (Department of Agriculture, 1991) and applies ta

patata seed tubers that are sold or advertised for sale in
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Canada, imported into or exported from Canada. There are seven

established classes of potato seed tubers which are, from highest

class to lowest, a) Pre-Elite, b) Elite l, c) Elite II, d) Elite

III, e) Elite IV (Premier Foundation), fl Foundation and g)

certified. Nuclear stock, the entry material of the

certification program, is defined as any tuber, plant or

vegetative propagule, produced in protected, environmental

conditions from tissue culture, that has been subjected to

laboratory tests and found free of disease.

Established in 1922, "Le centre de certification et

d'épuration" of Agriculture Canada located in La Pocatière is the

origin of aIl potato seed tubers produced in Quebec. The

centre's mandate is to produce potato plantlets free of specifie

viruses (PVA, PVM, PVS, PVX, PVY and PLRV) , the PSTV and

bacterial and fungal diseases.

On receipt of a new cultivar, the tubers are placed in

quarantine and the presence of bacterial wilt (Corynebacterium

sepedonicum) and PSTV are monitored. If either one of these

diseases is detected the material is immediately destroyed. The

material is vegetatively reproduced by cuttings and submitted to

thermotherapy (Sylvestre and Laganiere, 1981). After 6-8 wk of

heat treatment at 37 oC, 20 meristem tip explants (no larger than

0.5 mm) per plant are placed on Murashige and Skoog (MS, 1962)

basal medium containing growth regulators. Regeneration is

achieved within 6-8 wk. The plantlets are then micropropagated

by nodal cuttings. One of plantlet originating from each
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meristem tip excised from a single mother plant is acclimatized

in a controlled environment and assayed for the presence of

potato viruses (PVA, PVS, PVX, PVyo, PVY' and PLRV) and viroid

(PSTV) using ELISA and electrophoresis respectively. From the 20

meristem tips 2 plRntlets that assayed negative to all tests are

selected to form the basal seed tuber stock for the variety and

the others are micropropagated and sent to the provincial

multiplication farms in Manicouagan.

At their arrival in Manicouagan the in vitro plantlets are

kept in quaranttne for 1 mo and retested for bacterial wilt

before introduction into the "production bank". From there,

plantlets are placed in a "conservation bank" (MS, 1962 basal

medium containing mannitol) or acclimatized and vegetatively

propagated by nodal cuttings under an 18 h day and 100.8

~mol/m2/s illumination at temperatures above 23 oC. PVX and PVS

are indexed at this stage using both an indicator plant and the

ELISA method. These cuttings are introduced into a controlled

environment for the production of minitubers. This involves 1 wk

under 18 h days at 21°C followed by 8 wk under 10 h day at 15 oC,

both under 200.8 ~mol/m2/s photon flux density. A total of

50,000 minitubers from all cultivars can be produced annually.

During this production step, the absence of PVA, PVS, PVX and

PVYo and bacterial wilt are verified. The minitubers are

planted cnte 1 ha of land in the Manicouagan region to produce

Pre-Elite seed tubers. This region was selected because the

climatic and edaphic conditions reduce to a minimum the insect
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population that could vector viral and viroid diseases. The

following year, the tubers are planted on 3.3 ha of land to

produce Elite l seed tubers. In addition to PVX and PVS indexing

a sample of the Elite l seed tubers is sent to Florida where they

are field-planted and visually observed to assure the absence of

any viruses. The third year, the tubers are planted cnte 12 ha

of land. The Elite II tubers that are harvested are sold to the

certified growers who will produce Elite III, Elite IV,

Foundation and certified seed potatoes (Tennier, 1981).

A total of 75,000 verifications are made by provincial

inspectors during the 2 year certification period in the

certified growers' fields. Checks are done throughout the

season, at harvest and during storage. If viruses, viroids,

bacterial or fungal diseases are found to be present in excess of

the guidelines enforced by "Le centre d'épuration et de

certification" of La Pocatière the crop is immediately destroyed.

2.4 Potato Seed Tuber certification in Developing Countries

The potato seed tuber certification programs in developing

countries can be categorized into two distinct groups based on

varieties usedi those that utilize local varieties and those that

utilize European and North American varieties. The countries

that utilizes local native varieties and/or improved indigenous

types, mainly the Andean countries of South America and India,

developed their own certification programs mainly because they
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could not import seed tubers. However, these programs have not

yet resulted produced sufficient amounts of high quality seed

tubers to supply all farmers. For most developing countries,

seed tuber certification programs are a recent phenomenon. The

first atternpts to implement seed tuber certification programs in

developing countries took place during the energy crisis in the

early 1970's. High petroleum priees forced many countries to

lower or completely stop the importation of expensive foreign

seed tubers. Atternpts to produce potato seed tubers using the

traditional European and North American certification systems

with their strict quality control regulations, were doomed by

adverse biotic and abiotic conditions and technological

limitations (Bryan, 1988).

Recent developments in tissue culture and pathogen testing

technologies have changed this situation. with the realization

that tissue culture, as a maintenance and rapid multiplication

process, is not as complicated as earlier believed breakthroughs

have occurred. Tissue culture alone or in combinat ion with other

methods of propagation is now used successfully in many

developing countries of Latin America (Argentina, Brazil,

Columbia, Costa Rica, Cuba, Ecuador, Mexico, Peru, Venezuela) and

South Asia (Korea, Philippines, Sri Lanka, Thailand, Vietnam).

Several other countries are using in vitro transplants,

microtubers and/or cuttings to produce improved quality seed

tubers (Wang and HU, 1982; Van Uyen and vander Zaag, 1984; Bryan

1988) .
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A careful analysis of needs is necessary before embarking on

a seed tuber certification program. Good quality seed tubers are

a major constraint to potato production in developing countries

(Nganga and Potts, 1987; White et al., 1988). For these, farmers

are ready to spend 20 to 50% of their production costs to buy

seed tubers (Vander Zaag and Horton, 1983). Where subsistence

farming predominates, the purchase of seed tubers may be the only

production cost other than family labour (Durr, 1980). Seed

tuber cost may be a serious constraint to the development of

potato production; poor farmers not being able to purchase seed

tubers or obtain credit for the inputs required to grow them

successfully.

Nevertheless, seed tuber quality is not the only limiting

factor to potato production in developing countries. The

physiological quality of the tubers, lack of fertilizer,

pesticides, and proper soil preparation as weIl as other

agronomie inputs are often more important constraints to high

yields. Non-adapted varieties, adverse climates and inadequate

or poorly trained research extension and certification personnel

are also of concern. Therefore, an analysis of the benefit of

using high quality seed tubers should be initiated early in the

program to determine the needs of the local farmers.

It is important that seed tuber certification programs be

adapted to the particular needs of each country. certification

regulations are of utmost importance. Over-stringent regulations

could lead to the rejection of seed lots superior ta tubers
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currently used by farmers. Nevertheless, a careful systematic

testing program must be developed to complement the

micropropagation techniques (Bryan, 1988).

The typical developing-world producer grows his potato crop

on less than 0.5 ha of land. He is generally isolated and far

from the major centers or roads. 'Adequate storage facilities and

distribution systems must be put in place to take into

consideration this particular aspect of potato production.

The problems faced by potato seed tuber certification

programs in developing countries is frequently not a lack of

knowledge of good production practices, but rather the

implementation of this expertise given limited resources,

bureaucracy, lack of storage facilities and the very small

quantities of seed tuber needed by each farmer. In an attempt to

overcome these problems a computer model of the

productionjstoragejdistribution phases has been produced by White

et al. (1988). According to the authors, this program has had a

serious impact on the production of certified seed tubers in

Burundi and enabled the farm managers to better coordinate the

different production steps.

In Egypt, the limited availability of good quality seed

tubers at reasonable cost limits the expansion of potato

cultivation. The price of seed tubers alone represents 50% of

the total production cost (Zaki, 1989). Imported seed tubers

used for the winter season are often physiologically too young.

Therefore, the full potential of these high quality seed tubers
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... is not fully exploited (Nganga and Potts, 1987). Furtherrnore,

the same cultivars are used for both the fall (Nili) and winter

seasons, although the climatological conditions are very

different, the winter crop being planted under increasing

daylength and temperature and the Nili season crop being planted

under decreasing daylength and temperature (Nganga and Potts,

1987) . The increased availability of better adapted varieties

for the winter season, which is the Most suitable season for

potato cultivation, could lead to significant yield increase.

To be successful the Egyptian Potato 8eed Tuber

certification Program must develop an innovative production

strategy to lessen the number of field generations. To fulfil

this objective the different aspects of patata seed tuber

certification must be examined and adapted ta the climatalagical

constraints of Egypt.

2.5 Potato Tissue Culture

The potato is the crop plant ta which tissue culture

propagation techniques have been applied Most extensively (Wang

and HU, 1985). It has been described by Espinosa et al. (1986)

as a model crop plant for tissue culture.

2.5.1 Rapid multiplication (micropropagation)

Micrapropagation techniques are advantageous in the

propagation of 8PT material. Large numbers of propagules can be

...
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produced under in vitro conditions within short periods of time

(Wang and Hu, 1985).

Today, nodal cutting techniques are widely used for the

rapid multiplication of SFT material. Reports on explant type,

media composition and cultural conditions used for the rapid

multiplication of potato in vitro are numerous (reviewed by Wang

and Hu (1985).

Nodal cuttings are generally utilized for the rapid

multiplication of potato. Nodalcuttings were grown on a growth

regulator-free MS medium (Hussey and stacey, 1981; Austin and

Cassels, 1983) or MS medium containing gibberellins (GA3 ,

Westcott and al., 1979). The growth of nodal cutting was not

stimulated by the addition of cytokinins to the proliferation

medium (Wattimena, 1983). Sucrose was generally added at a rate

of 30 g/l (Hussey and stacey, 1981; Estrada et al, 1986) however

20 9/1 was also used (Wattimena, 1983). The proliferation medium

was variously supplemented with inositol, Ca-pantothenate,

thiamine-Hel (Estrada et al., 1986) and amino acids (Hussey and

stacey, 1981). The media were solidified with 7 to 8 g/l agar

and the pH adjusted from 5.6 to 5.8 prior to autoclaving

(Wattimena, 1983; Estrada, 1986). Incubation temperatures ranged

from 22 to 30 oC, the photoperiod from 16 h to continuous

illumination and the photon flux density from 20 to 133 Mmot(m2/s

(Wattimena, 1983; Wang and Hu, 1985; Seabrook, 1987). In a study

on the effect of light quality on the growth of nodal segments of

'Caribe' and 'Shepody', a lamp combination of cool-white and
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Agrolite fluorescent, giving an illumination of 133 ~mol/m'/s•

was optimum based on measurements of leaf number and area, stem

length and fresh and dry weights (Seabrook, 1987) .

Other techniques for the rapid propagation of SPT material

have been developed. These include the multimeristem, in vitro

layering and shoot tip culture techniques. In the multimeristem

technique developed at the International Potato Centre (CIP) by

Roca et al., (1978), excised meristem tips (0.5-0.6 mm) were

placed in MS (1962) basal salt medium supplemented with 0.4 mg/l

GA3 , 0.5 mg/l benzylaminopurine (BAP). 2 mg/l Ca-pantothenate,

30 g/l sucrose, 7 g/l agar and the pH was adjusted to 5.7 prior

to autoclaving. The cultures were incubated at 22 oC, under 12.6

~mol/m'/s for 5 wk. Plantlets were then transfered to liquid

medium containing the same components as described above except

for the addition of 0.01 mg/l naphtalene-acetic acid (NAA). One

to three plantlets were cultured in 125 ml Erlenmeyer flasks

containing 15 ml of medium and incubated on a rotary shaker at 90

rpm under the same environmental conditions as described above.

within 4,wk approximately 14 shoots were produced per plantlet.

The shoots were then sectioned into single node cuttings and

transferred onto medium containing GA3 (0.04 mg/l). Plantlets

were soon regenerated and could be either transferred to potting

mixtures or micropropagated in vitro from single node cuttings.

Wang (1977) developed the in vitro layering technique in

which repeated layering and subculturing of a single shoot

generated approximately 2.5 17 plantlets in 1 yr. In this
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procedure the newly developed axillary shoots were positioned

(layered) horizontally onto medium containing MS basal salts,

supplimented with 0.01 mg/l NAA and 7 g/l agar. A mass of

axillary shoots was obtained. Every 20 d these were sectioned

and placed on fresh medium or transferred to potting mixture for

ex vitro utilization. In vitro layering was also used as a

preliminary to tuberization in vitro.,

Goodwin et al. (1980) used shoot tip culture to

significantly increase the availability of planting material,

generating a 250-fold increase in 4 mo. As many as 40-60 shoot

tips were taken from each tuber. Shoot tips of 15-25 mm arising

from certified seed tuber pieces were aseptically transferred

ante MS medium supplemented with GA3 (0.1 mg/l). The regenerated

plantlets were then used as planting material.

2.5.2 Meristem tip culture and virus eradication

White (1943) was able to successfully subculture

TMV-infected tomato roots in vitro. When he dissected these

roots and tested the various zones using a mechanically

inoculated host plant to determine the infectivity of each

section, he determined that virus particles inside .the growing

roots were unevenly distributed. The root apex contained fewer

virus particles than the basal part. Limaset and Cornuet (1949)

made similar observations on systemically virus-infected plants.

They found that the concentration of virus decreased as they

approached the apical meristem. In half of the cases no
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infection was transmissible from the apical meristems. From

these observations, Morel and Martin (1952) postulated that it

might be possible to recover virus-free (specific-pathogen

tested, SPT) plants from heavily virus-infected plants through

the use of meristem tip culture. Since viruses are unevenly

distributed in their hosts, it was believed that a sufficiently

small piece of tissue might be virus-free. They were indeed able

to recover SPT Dahlia (Dahlia sp.) from meristem tips derived

from heavily infected plants. Using the same procedure, Morel

and Martin (1955) reported virus elimination in potato.

Later studies showed that the majority of viruses penetrated

meristematic cells. Kassanis (1967) first detected virus

particles in apical meristems using transmission electron

microscopy (TEM). Potato virus X (PVX) particles were detected

by Appiano and Pennazio (1972) in the cells of the apical domes

using thin section TEM. The presence of PVX in potato meristems

was detected by mechanical inoculation of meristem tips cnte

indicator plants. This showed conclusively that excised tips

contained virus particles at the time they were placed cnte

culture medium (Pennazio and Redolfi, 1974).

Meristem tip culture, the culture of meristematic dome pluG

1 or 2 pairs of leaf primordia measuring from 0.2 to 0.5 mm in

length, is generally coupled with thermotherapy. Thermotherapy

consists of exposing virus-infected plants to temperatures'near

the maximum tolerable for a few weeks. For potato, recommended

temperatures and duration of treatment vary from 32 ta 37 oC for
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~ periods of 1.5 to 13 wk (Mellor and stace-Smith, 1977). At

temperatures abov8 30 oC virus replication is greatly reduced.

Although plants are rarely cured by ·this r.reatment, virus

concentration is drastically reduced and portions of the plant

may be virus-free even though sorne parts are still infected. New

shoots produ~ed during the treatment are more likely to be

uninfected or have low virus concentrations. Meristem tips are

generally taken from these sections and cultured in vitro

(Stace-smith, 1986). Clearly, virus elimination takes place in

vitro. The. exact mechanism of/virus elimination in vitro is not

known but several explanations have been proposed. According to

Hollings and Stone (1964) an inactivation system exists within

the apex, whose action is helped by removing the mature portion

of the plant. Quak (1977) suggested that virus disappearance

could be attributed to contact of the meristem tip with the

culture medium. Mellor and Stace-Smith (1977) proposed that

enzymes required for one or more steps of viral replication that

are generally available for the replication of virus particles in

•

the meristematic dome are unavailable in excised tips. Thus,

viral replication is stopped while normal processes of viral

degradation continue. By 1980, 48 species had been freed of

viruses using a combination of thermotherapy and meristem tip

culture (Wang and Hu, 1980).

Chemical substances have been utilized to suppress symptoms

or to reduce the virus concentration in plants. Although sorne

reports claimed vir'ls eradication using this method, the results
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were contested by other scientists (Mellor and stace-smith,

1977). The only encouraging report involving chemotherapy of

potato to date, was published by Cassels and Long (1980). They

were able to eradicate potato virus y and cucumber mosaic virus

from a large proportion of infected potato explants by adding

virazole (an animal .antiviral agent and mutagen) to the culture

medium.

2.5.3 Microtuberization

The first report of in vitro tuberization

(microtuberiza~ion) was published by Barker in 1953. Since

then, microtuberization has been heavily investigated. Today,

microtubers are used as a primary source of SPT material in

sevel~al seed tuber certification programs throughout the world

(Wiersema et al., 1987; Jones, 1988). They constitute the ideal

material for international germplasm exchange and are used for

medium or long term conservation of germplasm (Budin and

Ogluzdin; 1982f Mccorran, 1986; Chandra et al., 1988; Kwiatkoski

'that.miy:Cotuberization can be used as a breeding tool to screen

heat tolerance (Hu~ng et al., 1988; Nowak and Colborne, 1988), to

investigate the physiological processes involved in tuber growth

(Obata-Sasamoto and Suzuki, 1979; Sattelmacher and Marschner,
.;:>"--

1985; Moorby et, al., 1990) to study tuber protein gene expression
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(Bourque et al., 1987) or for Agrobacterium-mediated

transformation (Ishida et al., 1989).

The first explants for microtuberization consisted of

excised buds from who le plants placed in vitro (Barker, 1953;

Chapman, 1955: Gregory, 1956). Later, sprouts or stolon segments

were used for the induction of microtubers (Palmer and smith,

1970; Garcia-Torres and Gomez Campo, 1973; Stallknecht and

Farnsworth, 1982a, 1982b). with the increased use of

micropropagation for the production of SPT material, it became

possible to produce large quantities of microtubers using single

node cuttings originating from in vitro plantlets (Wattimena,

1983). Wang and Hu (1982) were the first to put forward the idea

of mass production of microtubers for propagation purposes. The

development of a two phase microtuberization system (vegetative

propagation followed by microtuber induction) by Estrada et al.

(1986) and Meulemans et al. (1986) made mass propagation possible

(Akita and Takayama, 1988; Joung et al., 1991). The wide

application of this system could have a significant impact on

potato seed tuber certification programs. The production of

large quantities of potato microtubers could allow a significant

reduction in the number of field generations, thus reducing the

time necessary to release new cultivars while increasing the

phytosanitary quality of the tubers. The use of microtubers

instead of in vitro plantlets would be advantageous as they are

easier to store, handle and do not require any acclimatization

treatment .
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Potato tuberization is induced in situ by a number of

environmental factors; short days (Garner and Allard, 1923), high

photon flux densities (Arthur et al., 1930), low night

temperatures (Bodlaender, 1960, 1963; Menzel, 1982) and low

nitrogen levels (Werner, 1935; Menzel, 1982). Foliar

application of abscisic acid (ABA) (Menzel, 1980) and the

antigibberellin chlorocholine chloride (CCC) can also stimulate

tuberization in vivo (Guanasena and Harris, 1969).

Factors such as environmental conditions, carbon source,

growth regulators and retardants and the mineral nutrition

particularly nitrogen (N) (Wattimena', 1980; Wang and Hu, 1985;

Chandra et al., 1988) are known to influence microtuberization.

Discrepancies exist between authors as to which factor or level

of a factor is the most effective in inducing microtuberization.

Often a factor that was found beneficial in one experiment was

found to have no effect or was detrimental in another trial.

Wang and Hu (1985) attribute these differences to variations in

the cultivars, culture medium, growth regulator, type of explant

tissue and the incubation environments used. Explant tissue

source was found to affect size and dry matter accumulation of

microtubers. Microtubers produced using whole plantlets were

larger with lower dry matter content while excised stolons

produced comparatively smaller tubers with higher dry matter

content (Mitten et al., 1988). The nodal position of single and

double node explants influenced subsequent microtuber formation.

Poor tuberization was reported with apical single node cuttings,
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while double node cuttings showed more frequent tuberization at

the upper node (Dasher and Machado, 1988).

Optimum temperatures have been reported to be 8 to 10 oC

(Thieme and Pett, 1982), 15 oC (Wattimena, 1983), 20 oC (Wang and

Hu, 1982) and between 20 to 26 oC (Lawrence and Barker, 1963;

Okasawa, 1967; Palmer and Smith, 1970; Hussey and Stacey, 1981).

Temperatures above 35 oC inhibited microtuberization (Palmer and

Smith, 1970). Constant optimum temperature was better than

alternating high day and low night temperature (Wang and Hu,

1982) .

Light requirements are also variable and depend on other

culture conditions. The induction of microtubers under total

darkness was reported by many authors, including Barker (1953),

Mes and Menge (1954), Claver (1956, 1967), Harmey et al. (1966)

Palmer and Smith (1969, 1970), smith and· Rappaport (1969), Palmer

and Barker (1972), Mingo-Castel et al. (1974, 1976), Stallknecht

and Farnsworth (1982a, 1982b), Koda and Okasawa (1983) and Mangat

et al. (1984), Schilde et al. (1984) and Estrada et al. (1986).

Others have used alternating light and dark (Chapman, 1955;

Garcia-Torres and Gomez-Campo, 1973; Tizio and Blain, 1973).

Wattimena (1983) used 0, 8 and 24 hr light periods and concluded

that the longer the day length the better, while Hussey and

Stacey (1981) observed in vitro tuberization under 16 and 24 hr

light periods, but not under an 8 hr day. They later reported

that photoperiod had no effect on microtuberization (Hussey and

Stacey, 1984). Pelacho and Mingo-Castel (1991) reported that a
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short photoperiod decreased kinetin-induced tuberization of

isolated potato stolons, contradicting Wang and Hu's (1985)

affirmation that longer photoperiod with higher photon flux

density was'required when cytokinins were not used. Pearl et al.

(1991) reported that exposure of in vitro shoots sections to long

photoperiods was beneficial to the microtuberization response

once the tuberization stimulus had been triggered.

Single node cuttings tuberized more rapidly under total

darkness, but greater weights were achieved by using an 8 h

photoperiod (Slimmon et al., 1989). Garner and Blake (1989)

reported that total darkness stimulated rapid microtuber

formation on nodal cuttings when preceded by short days, but Ilot

after long day exposure. The exposure of cultures to long

photoperiods prior to induction increased the microtuberization

response (Chapman, 1955; Garner and Blake, 1989).

Genotypic differences in microtuberization response to

daylengths have been reported (Abbott and Belcher, 1986; Marinus,

1990; Sladky and Bartosova, 1990; Seabrook et al., 1993).

Photoperiodic pre-conditioning of cultures prior to induction

affected the microtuberization response (Garner and Blake, 1989;

Ewing and Senesac, 1990; Lakhoua and Ellouze, 1990; Pérennec and

Francois, 1981; Seabrook et al., 1993). Genotypes with short

critical photoperiod (CPP) tuberized best after long night

photoperiod pre-conditioning, while genotypes with long CPP

received sufficient induction under short days (Ewing and

Senesac, 1990; Lentini and Earle, 1991; Seabrook et al., 1993) .
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Seabrook et al. (1993) demonstrated that microtuber morphology

could be influenced by photoperiodic pre-conditioning.

Photon flux densities reported in the literature ranged from

1.2.5 J.Lmol/m2/s (Wang and Hu, 1982) to 110 J.Lmol/m2/s (Seabrook, et

al., 1993). Marinus (1990) found that microtuberization response

to light intensity varied between cultivars. Light quality has

been shown to influence microtuberization. The microtuberization

of sprout segments was accelerated by exposure to 5 min of red

light immediately after excision from the mother tuber (Blanc,

1981). It was later found that the sensitivity to red light

varied with the age of the explant (Blanc et al., 1986). The

process could be reversed by exposure to far-red light,

indicating the possible involvement of a phytochrome system.

Additionally, incubating plantlets under blue fluorescent light

(400-580 nm) increased the number of microtubers per plant let

compared with incubation under red fluorescent light (600-700 nm)

(Aksenova et al., 1989) •

Culture vessel types (Coleman, 1992) and medium gelling

agents (Coleman, 1992; Nowak and Asiedu, 1992), but not osmotic

concentration of the medium (Lo et al., 1972) affected microtuber

yields.

six to eight percent sucrose was optimum for

microtuberization (Lawrence and Barker, 1963; catchpole and

Hillman, 1969; Stallknecht and Farnsworth, 1979, 1982a, Wang and

Hu, 1982), but wattimena (1983) found no difference between 4, 6

and 8% sucrose. Claver (1956, 1977) reported microtuber
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induction using 2% sucrose without any additives. In general,

increasing the sucrose concentration from 1 to 8 % increased the

percentage and earliness of tuberization (Wang and Hu, 1985).

However, at concentrations greater than 8% microtuberization was

inhibited (Lawrence and Barker, 1963; catchpole and Hillman,

1969; Palmer and Smith, 1970; Stallknecht and Farnsworth, 1979;, '

Garner and Blake, 1989). Palmer and Smith (1970), Mingo-Castel

et al. (1976), Hussey'and Stacey (1981, 1ge4) and Abbott and

Belcher (1986) have used 6 % sucrose and cytokinins to induce

tuberization. A reliable microtuber production system on medium

containing 8% sucrose without the addition of growth regulators

was reported by Garner and Blake (1989). Growth regulators

failed to induce microtuberization when the sucrose supply was

inadequate (Harmey et al., 1966). Sucrose may be the only

compound necessary for induction of microtuberization (Gregory,

1956; Ewing, 1985, 1990). Microtuberization was reported on

media containing glucose, fructose and maltose (Mes and Menge,

1954; Okasawa, .,967). Glucose and fructose were less effective

for induction than sucrose while mannose and mannitol were not

inductive (Ewing and Senesac, 1990).

,Cytokinin is a promoter of in vitro tuberization; kinetin

(Palmer and Smith, 1969a, 1969b, 1970; Tizio and Blain, 1973;

Palmer and Barker, 1973; Mingo-Castel et al., 1974, 1976;

Forsline and Langille, 1976; Obata-Sasamoto and Suzuki, 1979;

Pelacho and Mingo-castel, 1991), benzylaminopurine (Mauk and

Langille, 1978; Wang and Hu, 1982; Estrada et al., 1986), 2ip [6-
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(a,a-dimethylallylamino)purinel (Mitten et al., 1988), zeatine

riboside (Mauk and Langille, 1978; Koda and Okasawa, 1983) and

thidiazuron (Slimmon et al., 1987) have aIl been used to induce

microtubers. The optimum dosage for Kinetin (KIN) was found to

be 5 mg/l (23 MM) (Palmer and Smith, 1969b, 1970; Palmer and

Barker, 1973; Tizio and Blain, 1973; Mingo-Castel et al., 1974,

1976). Wang and Hu (1982) observed best results with

benzylaminopurine (BA) at 10 mg/l (44 MM) for in vitro plantlets.

Mauk and Langille (1978) found that the optimum concentration was

3 mg/l BA (13 MM) for in vitro tuberization of stolon apices.

Mitten and al. (1988) compared several cytokinins for their

microtuberization potential and found that the addition of 2ip to

the microtuberization medium gave the greatest number of

microtubers. KIN was required only when tuberization occurred in

the dark (Wattimena, 1983). The use of cytokinins in combination

with ancymidol and coumarin (Wattimena, 1983) or chlorocholine

chloride (Kostrica et al., 1985) was shown to increase the

microtuberization response.

Gibberellins inhibited microtuberization (Palmer and smith,

1970; Garcia-Torres and Gomez-Campo, 1973; Parrot, 1975;

Stalknecht and Farnsworth, 1982a).

The latest prospect for a natural inhibitor to gibberellins

is a compound related to jasmonic acid (Yoshihara et al., 1989).

This compound, 12-0H-jasmonic acid (tuberonic acid), produced in

potato leaves grown under tuber inductive conditions, had strong

inductive potential (Koda and Okasawa, 1988; Koda et al., 1988) .
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Jasmonic acid (5 ~M) increased the number of microtubers per

stolon, the tuberization rate and the tuber fresh weight by

factors of 2.8, 2.3 and 6.2, respectively, compared with KIN

(Pelacho and Mingo-Castel, 1991).

Potato stolon cultures did not require external auxins

(Lawrence and Barker, 1963). The addition of auxins at

concentration higher than 1 mg/l inhibited microtuberization

(Harmey et al., 1966; Okasawa, 1967; Tizio and Blain, 1973;

Stallknecht and Farnsworth, 1982a; Mangat et al., 1984).

Abscisic acid (ABA) had no effect or prevented in vitro

tuberization of cultured sprout sections, stolon tips or potato

shoots (Palmer and Smith, 1969a; smith and Rappaport, 1969;

Claver, 1970; Tizio and Maneshi, 1973; Stallknecht and Farnsworth

1982a). The B-inhibitor-complex (and its main component ABA) was

apparently not the "hypothetical tuber initiating factor" in

potato stem sections cultured in vitro (Tizio and Maneschi,

1973), however, ABA increased the microtuberization rate of

cultures incubated in medium containing 2% sucrose (Koda and

Okasawa, 1983). The deposition of polymerie aliphatics,

aromatics and waxes components of suberized cell walls was

markedly stimulated by ABA (Cottel and Kolattukudy, 1982).

In vitro tuberization may be stimulated by some growth

inhibitors. Most phenols, an exception was quercitin, had a

promotive effect on in vitro tuberization of sprout sections at a

range of concentration (Paupardin and Tizio, 1969a, 1969b, 1970;

Paupardin, 1970 and Tizio and Paupardin, 1971) .
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Coumarin had a strong promotive effect on microtuberization

(Stallknecht, 1972i Stallknecht and Farnsworth, 1979, 1982a,

1982b) and increased the uniformity of microtubers (Joyce and

McCown, 1987). Coumarin (25 and 50 mg/li 171 and 342 ~M) was

more effective than KIN for in vitro tuberization (stallknecht

and Farnsworth, 1979), but high levels of nitrogen in the medium

inhibited the uptake of coumarin. The mode of action of coumarin

is different from that of KIN since inhibitors of nucleic acid

and protein synthesis significantly reduced tuberization

(Stallknecht and Farnsworth, 1982b). Coumarin-induced

tuberization was slightly stimulated by KIN but not affected by

chlorocholine chloride (CCC), triiodobenzoic acid (TIBA) and

succinic acid-2, 2-dimethyl hydrazine (ALAR) (Stallknecht and

Farnsworth, 1982a).

Chlorocholine chloride promoted in vitro tuberization of

isolated potato sprouts (Tizio, 1969i De Stecco and Tizio, 1982),

and stem segments (Parrot, 1975) and overcame the delay in

tuberization induced by GA3 (Tizio and Goleniowski, 1985). The

optimum concentration was 500 mg/l (3 mM) (Tizio, 1969).

Microtuberization was achieved in a broad range of potato

genotypes using CCC (500 mg/li 3 mM) in conjunction with BA (5

mg/li 22 MM) (Schilde et al., 1982i Estrada et al., 1986), but

not with KIN (Palmer and Smith, 1969).

Ancymidol and paclobutrazol (10 MM) stimulated the

microtuberization of recalcitrant cultivars (Harvey et al.,

1991), while daminozide (Harvey et al., 1991), triadimefon (Chase
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et al., ~989), salicylic acid and related compounds (Koda et al.,

1992) and solanine-glycoalcaloide (Talukder and Paupardin, 1981)

were aIl found to inhibit microtuber formation.

The effects of ethylene on in vitro tuberization have not

been weIl established. The in vitro tuberization of etiolated

sprouts was enhanced by 50 ppm ethrel, a ethylene releasing

compound (Garcia-Torres and Gomez-Campo, 1973). Ethrel also

increased tuber number and counteracted the depressive effects of

exogenous gibberellins. In contrast , ethylene applications

inhibited in vitro tuberization at aIl concentrations tested

(palmer and Barker, ~973; Mingo-Castel et al., 1976). Ethylene

inhibited the promotive effect of KIN and CO2 on in vitro

tuberization of stolons (Mingo-Castel et al., 1976).

studies of the effect of nitrogen (N) on in vitro

~uberization yielded contradictory information. High nitrogen

concentration (60 mM/I) was in general inhibitory and low

concentration (2.5 mM/I) stimulatory to coumarin-induced

microtuberization (Stallknecht and Farnsworth, 1979).

Cytokinin-induced tuberization was not affected by high nitrogen

concentration (Palmer and Smith, 1969; Wang and Hu, 1982).

Studies with axillary buds from intact plants grown in medium

containing 6% sucrose showed that tuberization was improved by

adding ammonium nitrate in the range of 16-60 mM/I (Ewing, 1985).

Microtuberization of single node segments of etiolated sprouts

from old tubers was not affected by adding 40 mM/I ammonium

nitrate, if sucrose concentration was ~4%, but was depressed if
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medium sucrose concentration was 2% (Koda and Okasawa, 1983a) .

optimal N concentration was 60 rnM/l for micropropagated single

node cuttings grown on medium containing 4% sucrose (Garner and

Blake, 1989). In this system decreasing the nitrate:ammonium

ratio to 1:~2 inhibited microtuberization.

Several aspects of microtuberization production remain to be

investigated. Among these, the comparative effects of growth

regulators, incubation periods, culture type (plantlets and nodal

cuttings) and microtuber quality are particularly of interest for

seed tuber certification programs.

2.6 Potato Dormancy and its Release

The potato tuber is a modified stern structure that usually

develops below ground as result of the swelling of the subapical

portion of the stolon with the simultaneous accumulation of

reserve material, It is the current evolutionary outcome of a

successful reproductive strategy where a plant adapts to an

unfavourable environment by producing distinct vegetative

propagules (Coleman, 1987).

For a certain period after their formation, tuber buds are

unable to develope under conditions suitable for growth. This

physiological state where buds are unable to sprout hasbeen

controversially termed dormancy or rest period. Tuber dormancy

is thought to begin with the onset of tuberization (Burton, 1963;

de Bottini et al., 1982) and end with the resumption of active

bud growth, after a slow but continuous period of microscopie bud
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growth and development (Burton, 1957; Coleman, 1987). The

duration of tuber dormancy proceeds in a cultivar-specifie manner

with sorne variation due to seasonal and storage conditions

(Simmonds, 1964; Thompson et al., 1980).

Tuber dormancy is thought to be induced and maintained by the

~-inhibitor complex (Hemberg, 1985). Tuber formation was

accompanied by an increase in endogenous inhibitors and ABA, a

major constituent of the ~-inhibitor suppressed bud growth

(Hemberg, 1965; El-Antably et al., 1967; Nowak, 1977). The onset

of rapid bud growth was accompanied by a sudden decrease in ABA

concentration, although there was no evidence of a specifie

threshold concentration of ABA in the tuber below which sprouting

occurred (Coleman and King, 1984). The mode(s) of action of the

B-inhibitor in inducing and maintaining tuber dormancy were not

well understood due to the fact that its composition was poorly

defined (Brenner, 1981) and this remains the case today.

Published information on microtuber dormancy is limited and

contradictory. Microtubers exhibited no dormancy period (Hussey

and Stacey, 1981), sprouted prematurely (Wattimena, 1983; ortis­

Montiel and Lozoya-Saldana, 1987; Harvey et al., 1991), or had

dormancy periods of 1 to 7 mo (Budin and Ogluzdin, 1982; Hussey

and Stacey, 1984; Estrada et al., 1986; Joyce and McCown, 1987;

Rosell et al., 1987; Thieme, 1992). Uncertainty regardîng the

dormancy period of potato microtubers has limited their

utilization in seed tuber certification programs .
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• The utilization of external agents for breaking tuber

dormancy has been an active field of research since the late

19"' century. The substances used for breaking dormancy are wide-

ranging in chemistry. However, they often fall within the

categories of growth regulators, respiratory inhibitors,

sulfhydrils, anaesthetics or end-produc~s of glycolysis (Coleman,

1987) .

Exogenous applications of cytokinin broke tuber dormancy and

concomitantly reduced the ~-inhibitor complex (Hemberg, 1970).

This observation was substantiated and the mode of action of

cytokinin~in breaking dormancy was established (Nooden and

Weber, 1978; 3tallknecht, 1983). Interestingly, the potential

use of cytokinins as dormancy-breaking agents was restricted to

brief periods immediately following the beginning and immediately

prior to the end of the dormancy period. This variation in the

sensitivity of dormant buds to exogenous cytokinin applic~~ions

as weIl as changes in the level of endogenous zeatin~iike

cytokinins according to the specifie stage of dormancy indicated

that both hormone levels and tissue responsiveness to cytokinins

were important in the control of dormancy (Turnbull ·and Hanke,

1985 a, b).

Potato dormancy can be terminated by exoger·\us application
/l-. '

';'".

of gibberellins. Gibberellins may be endogenousregulators of

bud dormancy and development, a view which is not consistently

supported by aIl previously published work (Rappaport and Wolf,

•
1968; Tizio, 1982; Stallknecht, 1983).

38

Gibberellins are known to/-,
; .......,r'

'.'~



•

•

regulate the translocation and utilization of tuber food reserves

ta the developing sprout (Morris, 1966, 1967; Edelman et al.,

1969; Dimalla and Van staden, 1977;). Bailey et al. (1968)

demonstrated that bath bud and reserve tissues exhibit dormancy.

They hypothesized that the storage tissues become responsive ta

bud-synthesized GA and produce reducing sugars only after the

storage tissues are no longer dormant. It was hypothesized that

GA regulated reserve mobilization through changes in

intracellular compartmentation. In contrast, Clegg and Rappaport

(1970) found that applied GA) stimulated reducing sugar formation
':-

in recently'harvested tubers~ On the basis of histochemical and

quantitative analysis of sprouting tubers it was suggested that

the pattern of starch and protein mobilization could be explained

in terms of source-sink relationships between tubers and sprouts

(Davies, 1984; Davies et al., 1984; Ross and Davies, 1985).

,However, the factors limiting sink strength of the growing

sprouts are yet ta be determined (Coleman, 1987).

In a series of experiments, Denny (1926a, band 1945)

evaluated the dormancy-breaking potential of several chemicals.

Treatments with ethylene chlorhydrin, potassium thiocyanate,

sodium thiocyanate, thiourea, and rindite (a mixture of ethylene

chlorhydrin, ethylene dichloride and carbon tetrachloride 7:3:1

v/v) were all found ta exhibit dormancy-release properties.

Thiourea broke dormancy, inhibited apical dominance and forced

the growth of all bud primordia. Glutathione also had dormancy-

releasing effect (Guthrie, 1940). Bromoethane was recently
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assessed as a dormancy-releasing agent and was as effective as

ethylene chlorhydrine with the advantage of low toxicity to

humans (Coleman and Coleman, 1986).

Peeling dormant tubers interrupted the dormancy period

(Appleman,1916; Pal and Nath, 1938; Thornton, 1939). Temporary

or partial anaerobiosis caused by the reduction of oxygen

concentration (Kidd, 1919; Rakitin and Suvorov, 1935; Thornton,

1939; Burton, 1968), increased carbon dioxide or nitrogen (12 to

60%; Thornton, 1939) or the presence of a water film on the tuber

(Goodwin, 1966) were effective in terminating dormancy. The

physiological basis of this well documented observation is

unknown. The absence of accumulation of sugars and the

production of volatile end-products of glycolysis, such as

ethanol and acetaldehyde under anaerobic conditions have been

observed (Samotus and Schwimmer, 1963; Samotus, 1971). The

question arises, 'whether aerobic metabolism is required for

maintenance of dormancy, or if there is a positive effect of

anaerobiosis on tuber metabolism.

Cutting microtubers in half was effective in releasing

dormancy (Ewing et al., 1988). Although the mechanism of

dormancy release was not studied, it was speculated that ethylene

produced on the cut surface was responsible. The use of rindite

was effective in releasing microtuber dormancy (Verhoyen and

Givron, 1981).

The general lack of information concerning potato microtuber

dormancy limits their utilization of microtubers in certification
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programs. The influence of genotypes, microtuber size, in vitro

incubation period and growth regulators used to promote

microtuberization must be determined to optimize the use of

microtubers in certification programs.

2.7 Physio1ogica1 Ageing

The physiological state of potato seed tuber evolves

constantly from the onset of tuber formation to their development

into plants. To characterize the influence exerted by the

physiological state of seed tubers on sprout growth, and

subsequent plant growth and yield characteristics, the ccilicept of

physiological ageing was introduced by Madec and Pérennec (1962).

The physiological age of seed tubers increases with the

chronological age of tubers and with storage temperatures; higher

temperatures promoted more rapid aging (Madec and Pérennec, 1956;

Pérennec and Madec, 1960; Fischnich and Krug, 1963).

Physiological ageing occurred in the presence or absence of a

sprout (Ewing and struik, 1992). High temperatures during the

growing season accelerated the physiological ageing of potato

tubers (Iritani, 1968; Claver, 1973), but high temperatures after

top-kill or removal of tubers from the tops were more important

in the acceleration of physiological aging (Van Ittersum and

Scholte, 1992). Genotypic variation is a major component in the

expression of physiological ageing. Generally, tubers of

cultivars that sprouted early in storage tended to become

physiologically old more rapidly than cultivars that sprouted
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later, but thare were a number of exceptions to this rule (Ewing

and Struik, 1992).

Tuber yields increased with the physiological age of seed

tubers up to a maximum, beyond which they were reduced (Kawakami,

1963). When compared to physiologically younger seed tubers,

physiologically older tubers emerged more rapidly, initiated

tubers earlier and produced greater yields under a short growing

season, but lower yields under longer growing seasons (Toosey,

1964; Iritani, 1968; Wurr, 1978; Allen and Scott, 1980; Pérennec

and Madec, 1980; van der Zaag and van Loon, 1987). Adverse

environmental conditions before emergence or during the growing

season could alter this behaviour (Pérennec and Madec, 1980).

The effects of physiological ageing on the yield of

microtuber-derived plants has not yet been determined. A better

understanding of the effect of physiological ageing on

microtubers would be useful, allowing seed tuber certification

programs ta use microtubers when these are potentially more

productive.

2.8 Field Performance of Micropropagated Potato

The field performance of ex vitro plantlet-derived (EVPD)

plants has been extensively eval~:ted but with contradictory

results. Stem number per plant was similar for seed tuber-

derived (STD) 'Pontiac' plants but significantly lower for EVPD

'Kennebec' plants (Goodwin and Brown, 1980). Tuber number per

plant was not significantly different for EVPD and STD plants •
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Tuber weight of 'Kennebec' EVPD plants acclimatized for 8 wk

prior to field planting was similar to 5TD plants.

wattimena et al. (1983) compared the field performance of

EVPD and microtuber-derived (mTD) to 5TD plants and found that

stem number per plant was significantly less and tuber number per

plant was significantly greater for EVPD and mTD plants than for

STD plants. Although total tuber weight per plant was

significantly greater at peak flowering time for STD plants,

there were no significant differences in tuber weight at the end

of the growing season. However, for both cultivars EVPD and mTD

plants produced fewer big tubers (US1A) and more small tubers

(US1B) than STD plants. EVPD and mTD plants were believed to be

physiologically different from STD plants; tuber initiation

occurred over a longer period and resorption was less than with

tuber-produced plants. Wattimena et al. (1983) observed that

single-stemmed micropropagated plants branched vigorously.

Typically, EVPD plants produced single-stemmed plants with

extensive bud development (Levy, 1985; Leclerc and Donnelly,

1990). The length of the growing period, and the climatological

conditions were also found to affect the multiplication rate and

the number of tubers greater than 10 mm in diameter (Levy, 1986).

Lengthening the growing season significantly increased the total

tuber yield and proportion of larger tubers (Thornton and

Knutson, 1986). It is important to take into consideration the

length of the growing season and the heat unit accumulation since

these parameters were also found to be important in the
1
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recontamination of virus-free stocks (Smith and Storch, 1984) .

The determination of the optimum growing season length has to

take into account both yield and disease-spread factors, since

micropropagated plantlets appeared to be more susceptible to

infection by PVS and PVY compared with seed tubers (MacDonald,

1987). EVPD plants were found to be more susceptible to early

water stress in tne field than STD plants probably due to an

earlier production of stolons (Leclerc, 1989; Leclerc and

Donnelly, 1990).

Acclimatizing plantlets prior to their transfer into the

field _increased the survival rate from 75% to 98% (Levy, 1986).

Protecting the EVPD plants from drought and wind immediately upon

planting considerably increased establishment in the field.

Studies on the acclimatization and re-establishment of tissue

cultured plantlets showed that 5 d under a polyethylene tent, 5 d

under a mist of 30 sec every 30 min and either 7 or 14 d under a

mist of 60 sec every 30 min yielded the most productive plants

(Bourgue, 1983). Carbon dioxide enrichment in vitro was not

found to be beneficial anddid not increase growth once the

plantlets were removed from culture. Temperatures of 2 to 4 oC

were found adeguate for storing plantlets for field

multiplication while temperatures of 8 to 10 oC decreased the

survival rates of plantlets (Allen and Knutson, 1982; Bourgue,

1983). Storing plantlets prior to transplanting significantly

decreased tuber production and significantly increased plant
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... height regardless of the storage temperature (Allen and Knutson,

1982) .

cutting in vitro plantlets into single or double node

cuttings at the time of their transfer into the greenhouse did

not significantly affect yield (Levy, 1988) but significa~tly

increaseà the availability of plant material. There was less

variability in the establishment and growth of ex vitro cutting­

derived (EVCD) plants therefore more accurate yield predictions

could be made. In addition, automated and semi-automated

planting may be adapted to EVCD plants.

The application of daminozide (0.3 to 0.9 mg/li 5 to 15 MM),

a growth retardant compound found to reduce stem ~ength of tissue

cultured potato (Radatz et al., 1962i Wescott, 1981 and Marinus,

1985), i~proved the survival of plantlets directly transplanted

into the field (Sipos et al., 1988). Daminozide caused a delay

in tuberization in 'Russet Burbank', but this did not affect

tuber-bulking nor plant growth. The application of triazole, a

fungicide with growth regulating activities, decreased tuber

number and yield of EVPD plants (Chase et al., 1989).

Increasing the volume of the container used during the

acclimatization period increased total tuber yield and yield of

tubers larger than 35 mm in diameter. 50, optimizing the

t~ansplant container volume to reduce the greenhouse space

requirement while,at the same time maximizing yield of EVPD

plants is an important issue (Thornton and Knutson, 1986) .
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. A small but increasing number of growers in Canada and the

united states are experimenting with on-farm tissue culture with

very satisfactory results (Mattive, 1986; Starkel, 1986). The

effect of agronomical practices such as planting density and

planting depth on the yield of STD plants are well known. This

information is readily available to seed tuber and tablestock

growers through the culture guides published by provincial

agencies. On the other hand, little is known of the effect of

these agronomical practices on the yield of ex vitro

derived-plants. Decreasing the distance between rows from 90 to

45 cm while keeping the distance between plants fixed at 10-15 cm

tended to reduce tuber weight but not tuber number per plant

(Levy, 1985). Preliminary investigations demonstrated that

decreasing the in-row planting density from 45 to 15 cm decreased

both tuber weight and number of 'Red Pontiac' (Wattimena, 1983).

Planting ex vitro plantlets or microtubers directly into the

field could significantly reduce the number of field generations

necessary for the production of certified seed tubers. This

would allow significant economic gains and would increase the

phytosanitary quality of potato seed tubers. To optimize the use

of plantlets and microtubers inseed tuber certification programs

the effect of in-row planting density and planting depth on the

yield of these propagules must be evaluated .
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• PREFACE Ta CHAPTER 3

Chapter 3 is the material contained in a manuscript by Yves

Leclerc, Danielle J. Donnelly and Janet E.A. Seabrook submitted

for publication to the journal Plant Cell, Tissue and Organ

Culture. The format has been changed to conform, as much as

possible, to a consistent format within the thesis according to

guidelines set by the Faculty of Graduate Studies. In this

chapter we described the efforts to increase the productivity of

microtuberization systems while reducing medium complexity. To

realize this goal experiments were conducted to: al evaluate the

efficiency of coumarin, chlorocholine chloride and G-benzylamino­

purine as promoters of microtuberization, b) evaluate the effect

of the duration of incubation period on microtuber yield and cl

compare microtuberization productivity of layered plantlets with

nodal cuttings.
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CHAPTER 3. THE INFLUENCE OF GROWTH REGULATORS AND INCUBATION

PERIODS ON MICROTUBERIZATION OF PLANTLETS AND NODAL CUTTINGS OF

POTATO.

3.1 Abstract

A protocol is presented for the rapid induction of

microtubers on micropropagated, layered potato plantlets in a

medium devoid of growth regulators. The addition of 2H-l­

benzopyran-2-one (coumarin) or (2-chloroethyl)-trimethylammonium

chloride (chlorocholine chloride) and N-(phenylmethyl)-lH-purin­

6-amine) 6-benzylaminopurine to the microtuberization medium

either had no effect or significantly reduced microtuber weight

per plantlet compared with medium containing only 80 g/l sucrose

and minimally affected the number of microtubers per plantlet of

'Kennebec', 'Russet Burbank' and 'Superior'. Increasing the

incubation period from 28 to 56 d did not affect the number but

significantly increased the weight of microtubers per plantlet

and substantialJy increased the proportion of microtubers heavier

than 1 gram. Layered plantlets microtuberized more rapidly and

produced significantly larger mi.crotubers compared with nodal

cuttings.

3.2 Introduction

The first report of in vitro tuberization was published by
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Barker (1953) who used etiolated sprouts to induce tuberization

in medium containing 80 g/l sucrose. Since then the utilization

of growth regulating agents to favour tuberization in vitro

(microtuberization) has been the object of intensive

investigation. Among the substances used to induce microtubers,

coumarin, (2-chloroethyl)trimethylammonium chloride (CCC) and

cytokinins have received most attention (Wattimena, 1983; Wang

and Hu, 1985; Chandra et al., 1988).

Cytokinins and coumarin are believe to have strong promotive

effects on tuberization, and to constitute part of the'"

tuberization stimulus, either alone or in combination with other

substance(s) (Forsline and Langille, 1975; Palmer and Smith,

1969b, 1970; Pelacho and Mingo-castel, 1991; Stallknecht and

Farnsworth, 1982a, b). However, growth regulators failed to

induce tuberization when the sucrose supply was inadequate

(Harmey, and al., 1966). Sucrose may be the only compound

necessary for induction of microtubers (Gregory, 1956; Ewing,

1985, 1990).

A reliable microtuber production method on medium free of

any growth regulating agent was reported by Garner and Blake

(1989). Nodal cuttings were grown on medium containing Murashige

and Skoog (MS, 1962) basal salts with 80 g/l sucrose, and

incubated first under a 16 h and then an 8 h photoperiod under 85

~mol/m2/s photon flux density. After 17 wk of incubation each

cutting had produced approximately 1 microtuber weighing <200 mg.

Incr~asing the productivity of microtuberization systems
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while reducing medium complexity is a destrable objective. To

realize this goal experiments were conducted to: a) evaluate the

efficiency of coumarin, CCC and 6-benzylaminopurinp. (BA) as

prornoters of microtuberization, b) evaluate the effect of the

duration of incubation period on microtuberi yield and c) compare

microtuberization productivity of laye~ed plantlets with nodal

cuttings.

3.3 Materials and Methods

Multiplication of in vitro material.

Nodal cuttings of .:Ke,nnebec', 'Superior' and 'Russet
) "

" Burbank' were grown o~n modified MS basal salt solution

:, '_~;.lpplemented with 0.4 mg/l thiamine-HCI, 2 mg/l Ca-pantothenate,

100 mg/l inositol, 30 g/l sucLüse, 7 g/l agar (Anachemia,

L~chine, Quebec) and the pH adjusted to 5.7 prior to autoclaving.

Cultures were grown at 22 ± 2 oC under 80 ~mol/m2/s cool white

fluorescent illumination and 16 h photoperiod and were

subcultured every 4 wk.

Microtuber production using layered plantlets.

Microtubers were induced by a modified two-step procedure

(Estrada et al., 1986; Meulemans et al., 1986). In the first

step, ~ ropt-severed plantlets with 6 nodes each were layered in

50 ml of propagation medium ccrîtaining modified MS (1962) basal

salt solution supplernented with 0.4 mg/l thiamin~-HCI, 2 mg/l Ca-
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• pantothenate, 100 mg/l inositol, 0.4 mg/l gibberellic acid (GA,),

0.5 mg/l BA, 20 g/l sucrose, with the pH adjusted to 5.7 in 400

ml plastic containers (Better Plastics, Kissamee, Fla. U.S.A.).

This first stage, which promotes vegetative growth prior to

microtuberization, significantly increased microtuber weight and

number per plantlet compared with plantlets placed directly into

microtuberizationmedium. Cultures were incubated at 22 ± 2 oC

under 80 Mmol/m2/s cool white fluorescent illumination and 16 h

photoperiod. After 4 wk the residual medium was drained off and

replaced by 50 ml of microtuberization media containing modified

MS basal salt solution supplemented with 0.4 mg/l thiamine-HC1, 2

mg/l ca-pantothenate, 100 mg/l inositol and either a) 50 mg/l

coumarin and 80 g/l sucrose; b) 500 mg/l Ccc, 5.0 mg/l BA (CCC­

/BA) and 80 g/l sucrose and c) a control medium~?ntaining 80 g/l

sucrose but no growth reg~lator. Plantlets were incubated at 15
1

•

± 2 oC under 50 Mmol/m2/s cool white fluoresc:i~nt illumination· and

8 h photoperiod.

Microtuber production using nodal cuttings.

Three in vitro plantlets with '6 nodes each were sectioned

into single node cuttings (the shoot apex was discard~d) and

induced to tuberize in 50 ml of microtuberization medium (media
-::::.' --

a-c listed above) in 400 ml plastic containers under the

incubai ion conditions described above. Solidified (7 9/1 agar)

microtuberization media was used since it favoured the

tuberization of nodal cuttings in 'preliminary ~xperiments.
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The effect of growth regulators and duration of incubation on the

microtuberization of layered plantlets

A factorial experiment, consisting of 18 treatment

cornbinations of cultivars ('Kennebec', 'Russet Burbank' and

'superior'), growth regulators (cournarin, CCC-BA and control

medium) and duration of incubation periods (28 and 56 dl, was

conducted using a randomized complete block design (RCBD).

Seventy-two plantlets per treatment combination were used in this

experiment.

Microtuber production using layered plantlets and nodal cuttings.

A factorial experiment consisting of 18 treatment

combinaticns of cultivars, growth regulators and culture types

(layered plantlets and nodal cuttings) was conducted using a

RCBD. Thirty-six plantlets (216 nodal cuttings) per treatment

combination were harvested after 28 and 56 d of incubation.

Data Analysis

Microtuber weights and numbers were compared on a per

original plantlet basis (per layered plantlet or per six nodal

cuttings). The data was analyzed using the Analysis of Variance

(ANOVA) and treatment means were separated by the Duncan's New

Multiple-Range Test (Steel & Torie, 1980). The homogeneity of

microtuber size was evaluated by analyzing the variance of

individual microtuber weights using Log-ANOVA. Microtuber fresh

weight distributions were analyzed using the Chi-square test of
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independence (Scherrer, 1984) .

3.4 Resu1ts

The effect of growthr:lCJulators and duration of the incubation

period on the microtuberization of layered plantlets

Microtuber weight per plantlet was significantlj influenced

by cultivar, growth regulator, duration of the incubation period,

and by both the cultivar-growth regulator and cultivar-incubation

period interactions (Table 3.1). After 28 d of induction,

'Superior' had heavier microtuber weights per plantlet than the

other 2 cu,ltivars (Table 3.1). Differences in microtuber weights

between ''superior' and 'Russet Burbank' plantlets were no longer

significant after 56 d, but both were significantly heavier than

'Kennebec'. Medium containing CCC-BA depresseà'~icrotuber weight

per ' Kennebec' plantlet compared with" the other two media for

both incubation periods. Growth regulators did not 'influence the

microtuber weight of 'Russet Burbank' after 28 d, but tt.",,'medium

containing CCC-BA produced a significantly lower rnicrotuber

weight per plantlet than the two other media aftei 56 d. The

control medium produced heavi~r microtuber weights per plantlet

for 'Superior' than the media containing coumarin and CCC-BA.

The differences between the control and coumarin-containing media

were no longer significant after 56 d, but both produced heavier

microtubers than the CCC-BA medium.

Microtuber number per plantlet was influenced by the
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cultivar and growth regulator treatments while the variance of

microtuber weight was influenced by the duration of the

incubation period (Table 3.1). Microtuber number per plantlet

was significantly less for 'Kennebec' than for the other 2

cultivars after 28 and 56 d-of incubation. Growth regulators did

not influence the number of microtubers produced per plantlet,

except for 'Kennebec' where the medium containing CCC-BA induced

fewer microtubers than the other two media. After 56 d of

incubation, the CCC-BA medium again induced fewer microtubers p~~

plantlet in 'Kennebec' and 'Russet Burbank', compared with the

control medium.

Microtuber production using layered plantlets and nodal cuttings.

After 56 d, nodal cuttings produced significantly lower

microtuber weights than layered plantlets when compared on a per

plantlet basis'(6 nodes), but the combinèd number of microtubers

was significantly greater using nodal· cuttings (x=5.9) than for

layered plantlets (x=3. 6) (Table.'L 2). For layered plantlets,

the effects of cultivar and inducing agent treatment on

microtuber weight and number pe~' plantlet were similar to the

results of the previous experiment. For nodal cuttings, 'Russet

Burbank' produced a gr~ater microtuber weight per plantlet than

'Kennebec' and 'Superior i , while the latter two had similar

microtuber \,ieights per plantlet . Microtuber fresil-wlÙ;ht per

plantlctin'Kennebec' was significantly lover for medium

containing CCC-BA than for the control medium, which"produced a
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... lower microtuber weight per plantlet than the coumarin medium

(Table 3.2). For 'Russet Burbank' and 'Superior' medium

containing CCC-BA produced a lower microtuber weight per original

plantlet than the control and coumarin media. For both layered

plantlets and nodal cuttings tuber number per plantlet was not

affected by the duration of the incubation period, but microtuber

fresh weight per plantlet was significantly greater after 56 than

28 d of incubation (data not shown).

The comparison of the variances of microtuber fresh weights,

when produced from layered plantlets and nodal cuttings after 28

and 56 d, showed that-the variance increased with incubation

period for both types of culture and that it was greater for

layered plantlets than for nodal cuttings (Table 3.3).
-'

The Chi-square analysis of the frequency distribution of

microtuber fresh weight classified according to 4 categories

($0.'25, 0.25-0.5,0, 0.50-1.0 and >1.0 g) indicated a significant
"-~-~

effect of the length of the incubation period and culture type

treatments on the frequency distribution of microtuber w',ü,ght

(Table 3.4). For layered plantlets, increasing,the incubation
'.::-;:.;-

period from 28 to 56 d'reduced the frequency of smaller

microtubers ($250 mg) and incrêas~d the frequency of microtubers

,....
, '
-'

/~-~,!

-' '. ~ ,
/

•

'>1. 0 g. Growth regulator treatments influenced the distril5ution
"
:j~ ,

of microtuber fresh weights f~~ all t:hre'ô"genotypes. For nodal

cuttings, increasing the incubatioTiperiod from 28 to 56 d had a

limited,effect on fresh weight distribution; nearly a11

mic:t"gtuber~. ~eigheci<'J.ess than 250 mg. Growth regulator
-~.::~- -
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treatments had no influence on microtuber frequency distribution

except for 'Russet Burbank' after 56 d.

3.5 Discussion and Conclusions

The microtuberization system reported here permitted the

rapid and extensive tuberization (up to 2 g of microtuber fresh

weight per original plantlet) of in vitro plantlets of

'Kennebec', 'Russet Burbank' and 'superior' in an MS based medium

containing elevated sucrose level alone and incubated under an 8

h photoperiod at 15 oC.

The effect of growth regulators and duration?f the incubation

period'bn the microtuberization of layered plantlets

The addition of coumarin, CCC and BA to the

microtuberization medium of layered plantlets failed to trigger

any increase in yield or number of microtubers per plantlet

compared with elevated sucrô~e aloni and may have depressed

microtuber yield per plantlet to some extent. Coumarin increased

individual microtuber weight as indicated by the frequency

distribution analysis. Coumarin increased the number of Iarger

microtubers compared with CCC-BA and, to a lesser extent, with

the control medium.

Contrary to the results of Hussey & Stacey '(1984), the

addition of CCC and BA to the microtuberization medium failed to

increase the microtuberization response of plantlets compared
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~ with the control medium. The promotive effect of cytokinins and

CCC used singly on microtuberization has previously been

questioned (Stallknecht, 1985; Ewing, 1990). Under a short

photoperiod and cool temperature, the addition of coumarin and

CCC-BA to the'microtuberization medium of plantlets is

unnecessary and may even be deleterious.

Microtuber production using layered plantlets and nodal cuttings.

When layered plantlets and nodal cuttings were incuba~~d for,.
the same period of time, microtuber fresh wcight per original

plantlet produced from layered plantlets was much greater than

for nodal cuttings. After 56 d under an inductive environment

the microtuber yield of .layered plantlets was 3-5 times greater

than for nodal cuttings. Differences in the surface leaf area

(site of the perception of the photoperiodic stimulation) and in

.~.. the surface of plant tissues in contact wi'\:h the medium are

likely responsible for the large differencc in microtuber fresh

weight bêtween the two typéa of culture. Favoujing vegetative

9rowth of stolon segments and plantlets prior to microtuber

induction have been reported to increase microtuber fresh weight

(Chapman, 1955; Garner and Blak&, 19p9). clearly, greater

microtuber yield can be achieved by increased vegetative area of

explants cultures prior to microtuber induction.

Although layered plantlets produced heavier microtuber

weight per original plantlet, nodal cuttings produced more

microtubers. This difference'in microtuber number per original
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• plantlet is most likely due to the expression of correlative

inhibition in layered plantlets. When plantlets are dissected

into nodal cuttings the hormonal balance of the nodal cuttiûgs is

disrupted, promoting microtuberization.

The advantage of the technique outlined here over Garner and

Blake's (1989) is that heavier microtubers can be produced more

rapidly. One potential drawback of this method is the increased

heterogeneity in microtuber weight.

In conclusion, microtuberization of plantlets was achieved

rapidly by laye~ing them in propagation medium for 28 d, and then

transferring them to modified MS based liquid microtuberization

medium c5mt.,üning 80 g/ l sucrose under 8 h light period of,.50

~mol/m2/s at 15 C. With this m~thod exogenously supplied

coumarin and CCC-BA were not necessary for optimal microtuber

production. This microtuberization system, a simplified version

of the protocol developed by Estrada et al. (1986) and Meulemans

et al. (1986), may have significant commercial implications. The

use of liquid media, the absence of growth regulators in the

microtuberization media and the lower labour input required to

handle plantlets could reduce the production cost of microtubers.

The application of this microtuberization system to the

study of potato tuberization may prove valuable, since both

aspects of tuber formation, i.e. the perception of environmental

/~ stimulation and the reaction to this stimulation, can be studied

simultaneously in vitro .
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• Table 3.1. Microtuber fresh weight and number per original
plantlet as affected by cultivar, growth regulator and duration
of the incubation,period. Each observation represents the
average of 72 plantlets.

Treatments

Microtuber
weight (mg)

28 days 56 days

Microtuber
number

28 days 56 days

Kennebec
Coumarin
CCC-BA
Control

Mean

Russet Burbank
Coumarin
CCC-BA
Control

Mean

Superior
Coumarin
CCC-BA
Control

Mean

significance l

Source of
variation

Cultivar (C)
Growth regulator (G)
C x G
Incubation period (I)
C x l
G x l
C x G x l

1178 a 2102 a 3.3 a 3.4 a
792 b 1314 b 2.6 b 2.8 b

1042 a 1992 a 3.4 a 3.4 a

1004 b 1?02 a 3.10 a 3.2 a

1164 a 2292 a 3.6 a 3.9 b
945 a 1838 b 3.8 a 3.5 b

1026 a 2137 a 4.6 a 4.9 a

1045 b 2085 a 4.0 a 4.0 a

1501 b 2044 ab 4.2 a 4.0 a
1253 b 1842 b 3.8 a 3.8 a
1624 a 2351 a 4.2 a 4.0 a

1459 b 2174 a 4.1 a 3.9 a

Microtuber Microtuber Variance of2

weight per number per microtuber
plantlet plantlet weight

*** *** NS
*** * NS

** NS NS
*** NS ***

** NS NS
NS NS NS
NS NS NS

.'

Means separated by Duncan's New Multlple-Range Test, p ~ 0.05.
'. NS, *, ** and *** indicate nonsignificance or significance at
the a=0.05, 0.01 or 0.001 levels respectively.
2. The analysis was conducted by Log-Anova.
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• Table 3.2. Microtuber fresh weight and number per origine>"
plantlet as affected by cultivar, growth regulator and culture
type after 56 d of incubation. Each observation represents the
average of 36 plantlets (216 nodal cuttings).

Microtuber
weight (mg)

per plantlet

Microtuber
number

per plantlet

Treatments
Layered
shoot

s~ngle

node
Layered

shoot
~~ngle

. '.node

Kennebec
Coumarin
CCC-BA
Control,

Mean

Russet Burbank
Coumarin
CCC-BA
Control

Mean

Superior
Coumarin
CCC-BA
Control

Mean

Significance l

2146 a 655 a 3.2 a 6.1 a
1622 b 204 c 2.5 b 5.7 a
1981 a 452 b 3.3 a 6.0 a

1916 a 446 b 3.0 b 5.9 a

2276 a 840 a 3.5 b 5.9 a
1801 a 264 b 3.6 b 5.5 a
2202 a 664 a 4.6 a 6.2 a

2093 a 629 b 3.9 b 5.8 a

2093 ab 424 a 4.0 a 6.0 a
1795 b 194 b 3.6 a 6.0 a
2304 a 366 a 3.8 a 5.9 a

2064 a 358 b 3.8 b 6.0 a

Source of
variation

Cultivar (C)
Growth regulator
C x G
Culture type (T)
C x T
G x T
C x G x T

Microtuber Microtuber
weight per number per
plantlet plantlet

NS *
(G) *** NS

NS NS
*** ***
*** *

NS NS
NS NS

Variance of2

microtuber
weight

N.'3
c NS

NS
***

NS
NS
NS

•

Means separated by Duncan's New Mult~ple-Range Test, p ~ 0.05.
1. NS, *, ** and *** indicates nonsignificance or significance at
the a=0.05, 0.01 or 0.001 levels respectively.
2. The analysis was conducted by Log-ANOVA
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• Table 3.3. Effect of the duration of incubation period and
culture type on the variance of microtuber fresh weight. The

.tubers of 324 plantlets per treatment were used in this analysis.

Microtuber fresh weight
variance (103 mg)

Incubation
period
(days)

28

56

Layered
shoot

52.3 b

161. 8 a

S~ngle

node

0.9 d

1. 8 c

•

Means separated by Duncan's New Mult~ple Range Test, p S 0.05
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•Table 3.4. Effect of theduration of incubation, cultivar, growth
regulator and culture type on the frequency distribution (%) of
microtubers. The tubers of 36 plantlets per treatment combination
were used in this analysis.

size category (g)

Layered shoot Nodal cutting

Treatments
~0.25 0.25-0.50 0.50-1.0 >1.0 ~0.25 0.25-0.50

28 days
Kennebec

Coumarin
CCC-BAP
Control

Russet Burbank
Coumarin
CCC-BAP
Control

Superior
Coumarin
CCC-BAP
Control

56 days
Kennebec

.Coumarin
CCC-BAP
Control

Russet Burbank
Coumarin
CCC-BAP
Control

Superior
Coumarin
CCC-BAP
Control

64
59
70

54
65
68

66
66
61

35
40
34

31
32
50

34
37
39

20
26
13

22
23
20

15
17
19

17
23
27

24
28
18

36
20
17

10
14
12

19
11
10

13
15
14

25
29
20

23
21
20

20
26
23

6
1
5

5
1
2

6
2
6

23
8

19

22
19
12

10
17
21

100
100
100

100
100
100

100
100
100

96
99
98

88
98
99

99
98
99

o
o
o

o
o
o

o
o
o

4
1
2

12
2
1

1
2
1

-------------------------

•

significant X2 values: Period p~O.OOl; Expiant type p~O.OOl;
Russet Burbank 30 days: Coumarin (COU) vs CCC-BAP (CCC) p=0.006, COU

vs Control (CON) p=O.Oll, 60 days: COU vs CON p=O.Oll, Nodal
cutting: COU vs CCC p=0.016, COU vs CON p=O.OOl;

Kennebec 30 days: COU vs CCC p=0.026, CCC vs CON p=0.008, 60 days: COU
vs CCC p= 0.026

superior 30 days: COU vs CCC p=0.02, CON vs CCC P=0.008, 60 days: COU
vs CCC p=0.040, COU vs CON p=0.017



• CHAPTER 4. THE EFFECTS OF PLANTLET PRE-CONDITIONING

AND SUCROSE AVAILABILITY ON MICROTUBER PRODUCTION

4.1 Introduction

~ne tuberization of cuttings in vivo was shown to be

influenced by the amount and type of photoperiodic stimuli (Ewing

and Wareing, 1978). Photoperiodic treatments of plantlets

influenced the in vitro tuberization response of nodal cuttings

(Garner and Blake, 1989; Slimmon et al., 1989; Lentini and Earle,

1991). The photoperiodic stimulation received prior to the

induction of microtubers was retained by the nodal cutting and

influenced the microtuberization response (Marinus, 1990;

Pérennec and Francois, 1981). Microtuber number and fresh weight

was significantly affected by cultivar and pre-conditioning

interactions when potato plantlets were pre-treated with

different photoperiods (8 and 16 h) prior to microtuber induction

(Seabrook et al., 1993). The latter concluded that microtuber

•

production was affected by the rnaturity group of potato cultivars

and photoperiodic regirnes in vitro.

The concentration and type of sugar in the medium strongly

effected microtuberization (Wang and Hu, 1985). The influence of
-.->

sugar on microtuberization was not related to osmotic effects but

rather to carbohydrate availability (Lo et al., 1972). Sucrose

at a concentration of 80 gjl, is generally considered to be

optimal for in yitro tuberization. The effect of increasing the



',: .

•

•

availability of sucrose by increasing the medum volume has not

becn investigated.

The objectives of these preliminary experiments were to

evaluate the effects of environmental pre-conditioning and

increased suerose availability (without affecting medium

osmolarity) on the microtuberization of potato plantlets in order

to increase the productivity of the microtuberization system

described in Chapter 3.

4.2 Materials and Methods

Microtubers of 'Kennebec', 'Russet Burbank' and 'superior'

were produced from in vitro plantlets using the two step

microtuberization system descrir-3d in Chapter 3. The propagation

medium contained modified MS (1962)'basal salt solution

supplemented with 0.4 mg/l thiamine-HC1, 2 mg/l Ca-pantothenate,

100 mg/l inositol, 0.4 mg/l gibberellic acid (GA3), 0.5 mg/l 6-

benzylaminopurine (BA), 20
c
g/l sucrose and the pH was adjusted to

5.7 prior to autoclaving. Cultures were incubated in 400 ml

plastic container (Better Plastic, Kissamee, Fla, U.S.A.) at 22

oc, under SO ~mol/m2/s photon flux density supplied by cool white
'.

fluorescent lamps and 16 h light period. The microtuberization

media contained modified MS (1962) basal salt solution

supplemented with 0.4 mg/ l thiamine-HC1, 2 m,::!,':' Ca-pantothenate,

100 mg/l inositol and either a) SO g/l sucrose, 500 mg/l (2­

chloroethyl)trimethyl-ammonium chloride (CCC) and 5.0 mg/l BA or
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.~ b) 80 g/l sucrose but no growth regulator. The plantlets were

incubated at 15 oC under a 50 ~mol/m2/s photon flux density and 8

h light period .

. Environmental pre-conditioning of plantlets.

Three root-severed plantlets per container were layered in

50 ml of liquid propagation medium and incubated at 22 oC and 16

h light period (conditions favourable to vegetative growth) for 3

wk. Half the containers were then transferred to environmental

condi tions conducive to. tuber induction; 15 oC and 8 hour light

period for 1 wk. The other half was maintained under conditions

favouring vegetative growth. Residual propagation medium w~s
. r;

drained~nd replaced by 50 ml of microtuberization media. Both

microtuberization media were used in this experiment.

Microtubers were harvested aftèr 4 wk. The experiment was

conducted using a Randomized Complete Block Design (RCBD). Each

replication consisted of 3 containers of 3 plantlets each. The \

experiments were replicated 4 times in time.

Volume of microtuberization medium.

Root-severed plantlets previously incubated in propagation

medium were induced to tuberize in 50 or 100 ml of

microtuberization '.nedium containing no growth regulatpr.

Microtubers were harvested after 4 weeks of incubation.' The

•
experiment was conducted using a RCBD. Each replicë;{:ion

consisted of 3 ,. containers of 3 plantlets each. The eXl?eriments

'" ,'-
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were replicated 4 times in time .

4.3 Resnlts and Discussion

Microtuber weight per plantlet was influenced by the

cultivar, the microtuberization medium utilized, the

environmental pre-conditioning, and both the cultivar and

microtuberization medium, and cultivar and pre-conditioning

interactions (Table 4.1) . Microtuber weight was significantly

heavier when plantlets were pre-conditioned under inductive

conditions and were subsequently incubated in microtuberization

medium containing CCC-BA, but no differences were observed when

plantlets were incubated in the control medium containing only

sucrose.

Microtuber number per plantlet was influenced by the

cultivar and themicrotuberization medium utilized. Plantlets of

'Kennebec' but not 'Russet BUrbank' or 'Superior' incubated in

the control medium produced more microtubers than plantlets

incubated in the CCC-BA medium. Maintaining plantlets under a

non-inductive environment increased microtuber number for all

cultivarjmicrotuberization medium combinations, but significant

differences were observed only for plantlets of 'Russet Burbank'

incubated in the control medium.

The addition of CCC and BA to the microtuberization medium

reduced the microtuber weight and number per plantlet compared

with the control medium, confirming previous findings (see
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Chapter 3). This observation and the fact that plantlets induced

to tuberize in medium containing CCC and BA responded differently

to environmental pre-conditioning compared with plantJets

incubated in microtuberization medium cantaining sucrase alone

indicated that the addition of CCC and BA ta the

microtuberization medium modified the processes of tuberization.

Microtuber weight and number per plantlet were significantly

influenced by the cultivar and the volume of microtuberization

medium utilized, and the cultivar and the volume of medium

interaction had a significant influence on the microtuber weight

per plantlet (Table 4.2). Increasing medium volume from 50 to

100 ml resulted in a heavier microtuber weight per plantlet for

ail cultivars, but significant differences were detected only for

'Superior'. For ail cultivars, microtuber number per plantlet

was significantly greater when 100 ml of medium was used.

Pre-conditioning plantlets for 1 wk prior to microtuber

induction failed ta trigger any increase in the number or weight

of microtubers produced in microtuberization medium containing

only sucrose. However, microtuber weight was significantly

increased when plantlets were pre-conditioned under an inductive

environment,and incubated in micratuberization medium containing

CCC, BA and sucrose. This indicates that the effect of

environmental stimulation can be modified by exogenausly

supplying growth regulating substances into the micratuberization

medium, as previously speculated by Wang and Hu (1985).

Augmenting the volume of micratuberization medium increased the
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... number of microtubers per plantlet. It is unclear if 100 ml is

the optimum volume for the microtuberization of plantlets under

our experimental conditions, but other experiments (data not

shown) have demonstrated that totally immersing plantlets into

the medium completely inhibited microtuber formation. optimum

medium volume must probably depend on the amount of plant

material in the container as well as container type and volume.

Several conclusions may be drawn from these preliminary

experiments. Microtuber production (number) can be increased by

augmenting the microtuberizat~onmedium volume up to an optimum

volume, which has not been determined, beyond which tuberization

is inhibited. Short (1 wk) pre~conditioning periods did not

increase the microtuberization response of plantlets incubated in

medium containing sucrose but no growth regulators. The growth

regulator composition of the medium can influence the

microtuberization response of plantlets to environmental

stimulation. Further work is needed to optimize the volume of

microtuberization medium and investigate the duration of pre­

conditioning treatments .
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• Table 4.1­
microtuber
4 weeks of

The effect
weight (mg)
incubation.

of environmental pre-conditioning on
and number per plantlet harvested after

Kennebec

Microtuber weight

Environmental
pre-conditioning

Non­
Inductive Inductive

Microtuber Number

Environmental
pre-conditioning

Non­
Inductive Inductive

CCC-BAP
Control

Russet Burbank

CCC-BAP
Control

Superior

CCC-BAP
Control

Significance!

784 a
890 a

1050 a
996 a

1095 a
1324 a

579 b
1068 a

722b
1152 a

885 b
1439 a

2.5 a
3.1 a

3.9 a
4.0 b

3.5 a
4.2 a

2.9 a
3.7 a

4.4 a
5.1 a

3.8 a
4.3 a

Cultivar (C) ***
Microtuberization medium(M) ***

C x M *
Pre-conditioning (P) *

C x P ***
M x P NS
C x M x P NS

***
***

NS
NS
NS
NS
N5

•

Means followed by the same letter are not significantly different
at ~he p~0.05 level, Duncan's New Multiple-Range Test.
l, NS, * and *** indicate non-significance or significance' at the
p~0.05 and 0.001 levels respectively .
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... Table 4.2. The effect of the quantity of tuberization medium on
weight and number of microtubers per plantlet, harvested after 4
weeks of incubation.

Microtuber
weight (mg)

Microtuber
number

Russet Burbank

Kennebec

Superior

Significélll.9§1

Cultivar (C)
Volume (V)
C x V

50 ml

905 a

944 a

1671 b

***
***
***

100 ml

936 a

1051 a

2479 a

50 ml

4.8 b

3.7 b

4.1 b

*
***

NS

100 ml

5.8 a

5.3 a

5.9 a

Means followed by the same letter are not significantly different at
the p~0.05 level, Duncan's New Multiple-Range Test.
1. NS, * and *** indicate non-significance or significance at the
p~0.05 and O.OOllevels respectively .
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PREFACE TO CHAPTER 5

Chapter 5 is the material contained in a manuscript by Yves

Lecl~rc, Danielle J. Donnelly, Warren K. Coleman and Russell R.

King submitted for publication to the American Potato Journal.

The format has been changed to conform, as much as possible, to a

consistent format within the thesis, according to guidelines set

by the Faculty of Graduate Studies. In this chapter we

investigated the effects of cultivar, microtuber size, microtuber

incubation period and growth regulators used to promote induction

on microtuber dormancy period. The effects on microtuber

dormancy period Qf microtuber bud maturity and endogenous

abs6isic acid ABA levels in small and large microtubers were also

determined •
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CHAPTER 5. MICROTUBER DORMANCY IN THREE POTATO CULTIVARS

5.1 Abstract

The relationship between microtuber size, growth regulators

used for induction, the duration of the incubation period, level

of microtuber bud maturity and abscisic acid content and

microtuber dormancy periodsof 'Kennebec', 'Russet Burbank' and

'Superior' was evaluated. The length of microtuber dormancy was

cultivar-specifie and a significant correlation was established

be~~een in vitro and in vivo dormancy periods. Microtubers $250

mg had longer dormancy compared with microtubers >250 mg. The

dormancy periods of microtubers were not affected by the addition

of 2H-l-benzopyran-2-one· (coumarin), (2­

chloroethyl)trimethylammonium chloride (CCC) and N­

(phenylmethyl)-lH-purin-6-amine (6-benzylaminopurine) to the

microtuberization media or by the duration of incubation period

(28 and 56 d). No differences were observed in th~ status of

microtuber bud development. A positive correldtion was

established between endogenous abscisic acid levels and the

length of microtuber dormancy.

5.2 Introduction

Dormancy refers ta the physiological condition i0hibiting

sprout growth when tubers are placed under environmental
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conditions ideal for sprouting. Available information on

microtuber dormancy is limited and contradictory. Microtubers

have been reported to exhibit no dormancy period (Hussey and

Stacey, 1981), germinate prematurely in vitro (Wattimena, 1983;

Ortiz-Montiel and Lozoya-Saldana, 1987; Harvey et al., 1991), or

have dormancy periods of 1 to 7 mo (Budin and Ogluzdin, 199~;

Hussey and Stacey, 1984; Estrada et al., 1986; Joyce and McCown,

1987; Rossel et al., 1987; Thieme, 1992). Uncertainty regarding

the dormancy period of potato microtubers limits their

uti~ization in seed certification programs. The objective of

this research was to evaluate the effects of cultivar, microtuber

size, in vitro incubation period and growth regulators used to

promote induction on microtuber dormancy period. The effects on

microtuber dormancy period of microtuber bud maturity and

endogenous abscisic acid (ABA) levels in small and large

microtubers were'also determined.

5.3 Materials and Methods

Microtubers of 'Kennebec', 'Russet Burbank' and 'Superior'

were produced from in vitro plantlets using the two-step

microtuberization system described in Chapter 3. The

microtuberization medium was supplemented with either a) 50 mg/l

2H-l-benzopyran-2-one (coumarin) and 80 g/l sucrose, b) 500 mg/l

(2-chloroethyl)-trimethylammonium chloride (CCC), 5.0 mg/l N­

(phenylmethyl;-lH-purin-6-amine (6-benzylaminopurine; BA) and 80
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g/l sucrose or c) a control ·mediur: containing 80 g/l sucrose but

no growth regulator. Cultures were incubated at 15°C, with an 8

h light period and 50 Mmol/m2/s photon flux density (400-700 nm)

supplied by cool white fluorescent lamps. Microtubers were

harvested after 28 and 56 d of incubation.

Dormancy period was evaluated in microtubers stored in 1.5 l

plastic containers at 20 oC in the dark. A saturated solution of

MgS04 .7H20 (500 ~l per container) was introduced into the bottom

of the container, below the rack supporting the microtubers, to

maintain the relative humidity constant at 90% (Dhingra and

Sinclair, 1985). Microtuber sprout development was monitored on

a weekly basis, and the dormancy period was considered to have

ended when 80% of the microtubers had at least 1 sprout longer

than 2 mm. The dormancy period of microtubers was correlated

with the relative dormancy length index of field-grown potatoes

(data from Mapplebeck and Asiedu, 1993), where an index of 1

indicated the shortest dormancy period and 10 the longest. The
~.

experiments were conducted using a randomized complete block

design with six replications in time. Each replication consisted

of one apical bud from each of ten microtubers.

Bud maturity was evaluated by excising buds from the apical

eye-complex of microtubers and culturing them on a modified

Murashige and Skoog (1962) basal salt solution supplemented with

0.4 mg/l thiamine-HCL, 2 mg/l Ca~pantothenate, 100 mg/l inositol,

30 g/l sucrose, 8 g/l agar (Anachemia, Lachine, Qué., Canada) and

the pH adjusted to 5.7 prior to autoclaving. Cultures were grown
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at 22 oC under a 16 h photoperiod and 38 Mmol/m'/s illumination .

Sprout length and fresh weight were evaluated after 7 and 14 d in

vitro. The experiment was conducted using a randomized complete

block design with six replications in time. Each replication

consisted of buds from la microtubers.

ABA was extracted usin~ a solvent partitioning method

(Coleman and King, 1984). Composite samples weighing

approximately 8 g from about 80 small (ca. 100"mg) or 8 large

(ca. 1 g)"microtubers were used for each of the extractions. The

ABA concentration was determined using a High Precision Liquid

Chromatograph (HPLCi waters, Mississauga, ont., Canada, U.V.

absorbance detector model 441) at 254 nm, equipped with a 15 cm

column packed with octadecyldimethylsilyl (5 Mm particles,

Supelco, model #4693c, Bellefonte, PA, U.S.A.). The mobile phase

consisted of water:acetonitrile:acetic acid (750ml:250ml:15ml).

The flow rate was 1 ml/min. Under these conditions the retention

time of ASA was 8.8 min. Internal ABA standards indicated a

consistent recovery rate of 83-87%. Each ABA value represents

the average of six extractions. ABA c~lltent was measured o~ both

a fresh and a dry weight basis.

Data were analysed by ANOVA, Duncan's New Multiple-Range

Test, Pearson correlation coefficient (steel and Torrie, 1980)

and Kendall's Tau (Daniel, 1990) .
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5.4 Resu1ts and Discussion

Microtuber dormancy period was influenced by cultivar and

microtuber size but not by the use of growth regulating

substances in the microtuberization media (Table 5.1). The

dormancy period was shortest in duration for 'Superior',

intermediate for 'Kennebec' and longest for 'Russet Burbank'.

The dormancy period of microtubers was positively correlated

(microtubers ~250 mg, r=0.6032 and >250 mg, r=0.7l36) with the

relative dormancy period reported for field-grown tubers (L.

Mapplebeck and S.K. Asiedu, personal communication). Cultivars

having tubers with short dormancy periods in vivo also had

microtubers with short dormancy periods ex vitro.

The dormancy period, measured from harvest to sprouting, of

microtubers of fresh weights ~250 mg was significantly longer (by

2-3 weeks) compared with microtubers having fresh weights >250

mg. Since microtubers were induced over several weeks the larger

microtubyrs were probably those which initiated their development

earlier. The longer dormancy periods of small compared with

large microtubers probably reflect differences in the age of

microtubers at the time of harvest.

Microtubers had longer dormancy periods when harvested after

28 co~pared with 56 d of incubation, when the dormancy duration

was measured from harvest to sprouting. However differences were

not significant when the dormancy period was measured from the

time of microtuber induction to sprouting (Table 5.2) .
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The growth of apical buds, isolated from both small and

large microtubers and cultured in vitro, was not found to differ

significantly after 1 and 2 wk in culture (d?ta not shown). It

seems unlikely that differences in bud maturity were responsible

for the differences in dormancy duration of small and large

microtubers.

Endogenous ABA levels, measured on a fresh weight basis,

were greater in small than in large microtubers (Table 5.3). The

differences were increased when the comparison was made on a dry

weight basis. The ABA'content of microtubers increased with

size, indicating that, as observed with in vivo tubers (Krauss,

1981; Koda and Okasawa, 1983b), ABA is either continuously

supplied or synthesized in the developing microtubers.

Correlation analysis indicated that endogenous ABA levels were

positively correlated (R2=0.5818 to 0.9759) with microtuber

dormancy periods of small and large microtubers (Table 5.3). It

appears that proportionally higher levels of endogenous ABA are

responsible for the longer dormancy periods of small microtubers.

High levels of endogenous ABA have been linked with prolonged

dormancy periods in field-grown tubers (Coleman and King, 1984).

The conéentration of both 'bound' and 'free' ABA within potato

tubers was greater in the periderm tissues than in the storage
1

parenchyma of the pith (Korableva et al., 1980). Small

microtubers have a greater surfaceto volume ratio so the

periderm tissues are propor ionally greater than in large

rricrotubers. This could explain the differences in ABA content
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of microtubers. The low coefficient of determination obtained

with 'Superior' may indicate that ABA is not the only compound

involved in microtuber dormancy (Hemberg, 1985). A model has

•
been proposed to expla in the dormancy of seeds in wr~ich ABA binds

to a regulatory protein; the state of this ABA/protein aggregate

controls dormancy (Smith et al., 1989).

The physiological processes involved in microtuber dormancy

appear to be similar to field-grown tubers. However, the

dormancy periods of microtubers were not affected by the duration

of the incubatio~ (i.e tuber growth) period, as observed with

field-grown tubers (Cho et al;., 1983). Although a positive

correlation was established between the dormancy duration and

endoger.ous ABA concentration of small and large microtubers, this

does not preclude the involvement of other compound(s) such as

regulatory proteins (Smith et al., 1989) or other plant growth

regulators (Hemberg, 1985). The low correlation coefficient

between dormancy duration and ABA content in 'Superior' described

in this study supports this idea and should form the basis for

additional studies on dormancy control in tubers .
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«ble 5.1. The influence of cultivar and microtuber
riod (weeks, mean ± s.d.) of microtubers harvested

incubation.

Duration of dormancy period

Microtuber size categories

Cultivars' ::; 250 mg > 250 mg

Kennebec y 15.00 ± 0.81 a 12.08 ± 0.72 b

Russet Burbank x 16.83 ± 1.41 a 13.25 ± 0.83 b

Superior z 14.00 ± 0.59 a 10.75 ± 0.59 b

size on the dormancy
aTter 28 days of

Relative in vivD'
dormancy duration

index

6

8

4

Signif icance2

Source of variation DF Mean square F value

cultivars (C) 2 41.4 72.91'"
Growth regulators (GR) 2 0.1 0.17 NS

C x GR 4 0.2 0.39 NS
Microtuber size (MS) 1 186.5 28.69'"

C x MS 2 0.5 0.90 NS
GR x MS 2 0.1 0.17 NS
C x GR x MS 4 0.5 1. 05 NS

Error 51 0.6
c.v. (%) 5.52

Correlat:ion analysis4 "etween T= 0.6032 and T= 0.7136 (p=O.OOOl).

Means followed by the same letter are not significantly different at the
P<0.05 level, Duncan's Multiple-Range Test (DMRT).
1 Means followed by different letters are significantly different at the
P<0.05 level (DMRT).
2"', denotes P<O.OOl; NS denotes non-significant effect.
3 Data taken from Mapplebeck and Asiedu (personal communication)
4 Data analysed using Kendall's Tau (T) .
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4Ilble 5.2. The influence of cultivar and length of incubation period (28
and 56 days) on microtuber dormancy period (weeks, mean ± s.d.).

Duration of dormancy Duration of dormancy

from harvest to sprouting

Incubation period (days)

from induction to sprouting

Incubation period (days)

Cultivars' 28 56 28 56

Kennebec y 12.1 ± 0.7 a 8.2 ± 0.7 b 16.1 ± 0.7 a 16.2 ± 0.7 a

Russet Burbank x 13.2 ± 0.8 a 9.9 ± 0.9 b 17.2 ± 0.8 a 17.9 ± 0.9 a

Superior z 10.8 ± 0.6 a 7.0 ± 0.8 b 14.8 ± 0.6 a 15.0 ± 0.6 a

Significance

Source of variation DF Mean square F value

Cultivars (C) 4 48.5 96.51'"
Growth regulators (GR) 2 0.2 0.46 NS

C x GR 2 0.3 0.33 NS
Incubation period (IP) 1 260.7 523.58'"

C x IP 2 0.4 0.90 NS
GR x IP 2 0.0 0.06 NS
C li: GR x IP 4 0.3 0.75 NS

Error 59 0.5
c.v. ( %) 7.06

Means followed by the same letter are not significantly different at the
P<0.05.level, Duncan's Multiple-Range Test (DMRT).
1 Means followed by the same letter are not significantly different at the
P<0.05 level (DMRT).
2"', denotes P<O.OOl; NS denotes non-significant effect .
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•Table 5.3. Endogenous abscisic acid (ABA) content (meall ±.s.d.) of
small ($250 mg) and large (>250 mg) microtubers harvested after 28
days of incubation and correlation analysis of ABA content vs duration
of ·the dormancy period of microtubers.

ABA

ng/g fresh wt ng/g dry wt

•

Kennebec

$ 250 mg 55.1 ± 5.5 a 430.9 ± 42.8 a
> 250 mg 38.3 ± 3.7 b 227.3 ± 22.3 b

Correlao;:ion coefficient (l') 1 0.95··· 0.98"·

Russet Burbank

$ 250 mg 177.4 ± 3.5 a 1378.0 ± 27.2 a
> 250 mg 124.6 ± 9.5 b 776.1 ± 59.3 b

Correlation coefficient (r) 1 0.89··· a.93···

Superior

$ 250 mg 123.9 ± 12.5 a 824.3 ± 84.4 a
> 250 mg 101.1 ± 14.1 b 556.4 ± 77.8 b

Correlation coefficient (r) 1 0.58· 0.73··

Means followed by different letters are significantly different at the
P<O.05 level; Duncan's Multiple-Range Test.
1 Correlation analysis ABA content vs duration of dormancy period by
Pearson Correlation Coefficient. ••• , •• and· indicate significance of
the correlation at p=O.OOl, p=D.Dl and p=D.D5, respectively .
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CHAPTER 6. MICROTUBER QUALITY AND SPROUT DEVELOPMENT AS AFFECTED

BY SIZE, GENOTYPE AND INCUBATION MEDIUM

6.1 Introduction

Potato microtubers are increasingly utilized in seed tuber

certification programs as a primary source of 8PT material and

for both .short and long-term germplasm storage (Wang and Hu,

1982; Chandra et al., 1985; Tovar et al., 1985; Kwiatkowski et

al., 1988; Thieme, 1992). Microtuber induction has been heavily

investigated (reviewed by Wattimena, 1983; Wang and Hu, 1985;

Chandra et al., 1988) but micro~uber charactecistics; such as

microtuber weight, specifie gravity and number of eyes and their

effects ·on storage, subsequent sprout development and the yield

of microtuber-derived (mTD) plants have received little

attention. Genotype, photoperiod, induction media including

nitrogen levels, growth regulators, choice of liquid or solid and

brand of gelling agent all influenced the percent dry matter of

microtubers produced from nodal cuttings (Wattime~a, 1983; Novak

and Asiedu, 1992). In general, increased dry matter content

occurred in microtubers produced in medium with relatively low

nitrogen levels, high coumarin concentrations and in liquid

medium (Wattimena, 1983). Gelrite instead of agar and 8 h

photoperiod instead of total darkness also promoted greater

percent dry matter (Nowak and Asiedu, 1992).

One aspect of microtuber quality that was found to influence
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the yield of mTD plants was microtuber weight at planting .

Plants grown from heavier microtubers (2.5 g) exhibited greater

early plant vigour, foliage ground cover and produced greater

total tuber weights than plants from lighter microtubers (0.63 g)

when grown under high densities in nursery beds. The greater

tuber yields obtained from the larger microtubers related both to

greater stem number and vigour (Wiersema et al., 1987).

The objectives of the [?llowing experiments were to

determine the effects of genotype, growth regulators and

microtuber size on microtuber specifie gravity , eye number, bud

maturity and sprout and stem development from microtubers. The

influence of apical dominance on mierotuber sprout development '

was studied. The effects of desprouting microtubers and of

storing mierotubers under diffi3rent spatial orientation (apical

or distal end up) on apical dominance and sprout development was

also investigated.

6.2 Materials. and Methods

Microtuber Induction

Microtubers of 'Kennebec', 'Russet Burbank' and 'Superior'

were produeed using the two-step microtuberization system

described in Chapter 3. The microtuberization media contained

modified Murashige and Skoog (MS, 1962) basal salt solution

supplemented with 0.4 mg/l thiamine-HCI, 2 mg/l Ca-pantothenate,

100 mg/l inositol and either a) 50 mg/l coumarin and 80 g/l
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sucrose, b) 500 mg/l chlo~ocholine chloride, 5 mg/l 6­

benzylaminopurine (CCC and BA) and 8Q g/l sucrose or c) control

medium with 80 g/l sucrose but no growth regulator.

Specifie gravity

The specifie gravity of small (~250 mg) and large (>250 mg)

microtubers were measured using the weight-in-air/weight-in-water

method (Kleinschimdt et al., 1984). Each observation represents

the mean of eight replicates per treatment. Each replicate

consisted of composite microtuber samples weighing approximately

8 g.

Eye number

The eye (node) number of 200 randomly selected microtubers

for each of the treatments were counted using a dissecting

microscope at a magnification of 20 X. Buds of the apical eye­

complex were considered to belong to distinct eyes when separated

by more than 1 mm from other buds.

Microtuber bud maturity

The maturity of buds originating from the apical eye­

complex, lateral or distal eyes of small and large microtubers

was evaluated by culturing dissected buds in vitro. Apical,

lateral and distal buds from 40 microtubers per treatment were

cultured on modified MS (1962) basal salt solution supplemented

with 0.4 mg/l thiamine-HC1, 2 mg/l Ca-pantothenate, 1PO mg/l
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inositol, 30 g/l sucrose, 8 g/l agar (Anachemia, Lachine, Québec,

Canada) and the pH adjusted to 5.7 prior to autoclaving.

Cultures were incubated at 22 oC under 50 Mmol/m2/s cool white

fluorescent illumination and 16 h light period.

Sprout development

Microtubers were stored in a refrigerator at 6 ± 2 oC in the

dark and their survival evaluated at 8, 12 and 18 mo. At these

times, sprout number, length (~1 mm) and position were recorded.

Microtubers were then sown in a peat-based potting mixture

(Premier Brand, Rivière-du-Loup, Canada) and grown in the

greenhouse to monitor their viability. The experiment was

conducted four times. Each replicate in time consisted of

twenty-five small (~250 mg) and large (>250 mg) microtubers.

Desproutingmicrotubers

Microtubers were stored in a refrigerator at 6 ± 2 oC in the

dark for 6 mo. At this time the dominant sprout{s) were removed

"from half the microtubers. Microtubers were then incubated at 20

oC, in the dark for 4 wk. A saturated solution of MgS04 • 7H20 was

Ilsed to maintain the relative humidity at 90% as described in

Chapter 5. The nllmber of large sprouts (>10 mm) was then

recorded and microtubers were sown in a peat-based potting

mixture (Premier Brand, Rivière-du-Loup, Canada) and grown in the

greenhouse for 4 wk to evaluate the number of stems produced from

mTD plants. The experiment was conducted four times. Each
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~ replicate in time consisted of twenty-five small and large

microtubers.

spatial orientation

The effect of spatial orientation on sprout development and

apical dominance of microtubers of 'Kennebec' was evaluated by

storing microtubers apical or distal end up in moist sand at 20

oc under total darkness. Four weeks after the release of

dormancy the number and position of the largest sprouts were

recorded and then removed. Microtubers were re-incubated

maintaining the same orientation, and the number and position of

largest sprouts were recorded after 1 mo. The experiment was

conducted 4 times. Each replicate in time consisted of twenty-

five small and large microtubers per treatment.

Data analysis

Data was analyzed using ANOVA, Duncans' New Multiple-Range
, ~,.

Test (Steel and Torie, ··1980), and Chi-Square Test of Independence

(Scherrer, 1980). Non-llneaI regressions were done using the

Marquardt method (Marquardt, 1963).

6.3 Results

specifie gravity

Specifie gravity was significantly influen~ed by cultivar

and microtuber weight, but not by the addition of growth

~
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regulators to the microtuberization medium (Table 6.1) .

Microtubers of 'Superior' had the greatest specifie gravity

followed by 'Kennebec' and 'Russet Burbank'. For aIl genotypes,

heavier microtubers, weighing >250 mg, had a higher specifie

gravity than lighter microtubers.

Eyc number

The relationship between microtuber fresh weight and eye

number per microtuber was best.described for aIl cultivars by the

inverse exponential equation; Y= Bo - Bo (-B, X)·I, where Y= number

of eyes, X= microtuber weight and Bo and B, were constants (Figure

6.1). For 'Russet Burbank' the coefficient of deterrnination (R2
)

was 0.9561, Bo=8. 9956 and B,=O. 0156; for 'Kennebec' R2=0. 9328,

Bo=6.3277 and B1=0.0129; and for 'superior' R2=0.9571, Bo=7.5751

and Bo=0.2123. Results indicated that the number of

distinguishable èyes increased rapidly with increasing microtuber

weight, until approximately 250-300 mg, when it plateaued at 8 or

9.

Microtuber bud maturity

No significant differences were observed in the rate of

development of shoot tips originating from buds of the apical

eye-complex or of the lateral cr distal eyes after 1 and 2 wk in

culture (Table 6.2). Fewer buds of 'Superior' had sprouted after

1 wk of culture, but differences among genotypes were no longer

significant after 2 wk. Microtuber size and induction medium had
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no effect on the development of dissected buds .

Sprout Development

Most microtubers produced a single large primary sprout with

one to several smaller secondary sprouts (Figure 6.2).

occasionally, more than one large sprout developed on larger

microtubers. Total sprout number per microtuber was positively

correlated with microtuber weight; Pearson correlation

coefficient ranged from 0.3594 for 'Superior' to 0.4440 for

'Kennebec'. After 8 ma storage at 4 oC, the average length of

the primary sprouts exceed~d 10 mm, while the length of the

secondary sprouts averaged approximately 2 mm. After 12 ma

storage, the length of the primary sprouts was greater than 20

mm, but the length of the secondary sprouts was less than 4 mm.

After 18 mo the primary sprouts averaged nearly 40 mm, but the

length of the secondary sprouts did not exceed 7 mm. storing

microtubers at 20 oC favoured the more rapid development of

primary sprouts but had no effect on the number of large sprouts

or the number and length of the secondary sprouts (data not

shown). Significant positive correlations were established

between the initial weight of microtubers and length of the

primary sprouts after 8, 12 and 18 mo storage. Pearson

correlation coefficients ranged from 0.4574 for 'Kennebec' to

0.7122 for 'Russet Burbar.k'.

Primary sprouts developed more frequently from buds located

at the apical eye-complex; fewer than 5% developed from the

88



•

•

lateral eyes and none from the distal eyes (Figure 6.3) .

Secondary sprouts also developect more frequently from the apical

eye-complex. Nearly 10% of secondary sprouts arose from the

lateral eyes and fewer than 5% from the distal eye. Primary and

secondary sprout position was not influenced by genotype, growth

regulator or size.

Microtubers ~250 mg were more susceptible to desiccation or

exhaustion of storeà 'material thon larger tubers (Table 6.3).

After 12 mo storage at 6 ± 2 oC in the refriqirator the survival

'rate of these small microtubers was 96, 92 and 91% for

'Kcnnebec', 'Russet Burbank' and 'Superior', respectively, while

that of large tubers was 100%. After 18 mo storage small tubers

were no longer viable, while the survival rate of microtubers

>250 mg was 75, 67 and 54% for 'Kennebec', 'Russet Burbank' and

'superior', respectively.

Oesprouting microtubers

Removing the dominant sprout(s) of microtubers significantly

increased the number of,:,larger sprouts compared with intact

microtubers (Table 6.4). This resulted in greater stem numbers

per mTO plants 4 wk after sowing. Sprout and stem number were

affected by genotype, but not by microtuber induction medium.

The beneficial effect of desprouting was observed only with large

microtubers, as a large proportion of small microtubers «250 mg)

failed to produce new sprouts once the primary sprout was

removed .
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~ Spatial Orientation

Storing microtubers apical or distal end up did not affect

the position or number of primary sprouts that developed but,

significantly influenced the position of the larger sprouts after

desprouting (Figure 6.4). Most sprouts that emerged from

desprouted microtubers stored apical end up were produced at the

apical eye-complex, few sprouts were formed at the lateral eyes

and none were formed distally. Sprouts that em<;rged from

desprouted microtubers stored distal end up were more frequently

formed at the apical eye-complex but more than 30% of sprouts

formed at the lateral and distal eyes.

6.4 Discussion and Conclusions

Among the factors investigated, microtuber size appeared ta

be the main determinant of microtuber quality. Large (>250 mg)

microtubers had greater specifie gravity, possessed more eycs and

more sprouts developed from them compared with ~maller

microtubers. The smaller surface/volume ratio of larger

microtubers made them less susceptible ta desiccation than the

smaller, lighter microtubers and prolonged their storage life.

Observations made on in vivo-produced tubers showed that

mitosis is negligible in the stolon apex once tuberization is

initiated (Leshem and Clowes, 1972). Studies on the early

microtub8r development from stolon nodes cultured-~n vitro

revealed a similar behaviour (Peterson and Barker, 1979). The
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differences in the number of eyes report~d here between smaller

and larger microtubers are probably not differences in bud number

per see, as no new buds are aJded once tuberization is jnitiated

(Cutter; 1978), but rather to differences in cell~~largement.

Light and scanning el,ectron microscopy revealed: that the apical

eye-complex of small microtubers contained a greater number of

buds than that of large microtubers. It would therefore appear

that microtubers produced using layered plantlets were initiated

on stolons between the eighth or ninth int8rncàe from the

"stolon' s apical meristem, as previously reported with in vivo-

produced tubers (Cutter, 1978).
J:

As microtuber dormancy en~ed, ,growth resumed rapidly at one

(occasionally two) bud(s} of'the mic{otuber, geherally from the

apical eye-complex, ~tronglyinhibiting the growth of other buds

through apical dominance. As a result, plants originating from

microtubers were'generally single-stemmed (Wattimena et al.,

1983; 'Le.clerc and Donnelly, 1990). Since buds that originated

from different microtuber sizes and eye positions were equally

functional, the distinct pattern of sprout development observed

in microtubers appears to be related to the strong influence of

apical dominance in microtubers. simil~r observations were

report~d with small-sized minitubers grown in the field (Thornton

and Neundorfer, 1986; Melching et al., 1993). Removing the

primary sprout prior to planting partially released theeffect of

apical dominance for larger microtubers, as observed with fj,eld­

grown tubers (Hay and Hampson, i991} , but the treatment was
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'. detrimental for smal:.er tubers. Attempts to release correlativ.~

inhibition by storing microtubers distal end up were

unsuccessful.

Observation have shownthat heavier (>250 mg) microtubers

had higher specifie gravity, more eyes and praduced more sprouts

c()mpared ta smaller (:5250 mg) microtubers. It would therefore

appear advantageaus to produce larger microtubers, as theycan be

stored for longer periads of time and can patentially produce

grea1':eryields r.:ompared to smaller microtubers.



• Table 6.1. The effects of microtuber weight and growth
regulators in the medium on the specifie gravity of potato
microtubers.

Microtuber weight

Kennebec

Russet Burbank

Superior

,
Significance'

Cultivar (Cl
Growth regulator (G)
Microtuber size (S)
C x G
C x S
G x S
C X G X S
c.v. (%)

~250 mg

1.0471 b

1. 0429 b

1. 0537 b

**
0.44

***
0.82
0.11
2.06
0.35
0.67

>250 mg

1.0596 a

1. 0585 a

1. 0663 a

•

Means followed by the same letter are not significantly different
atthe p<0.05. level, Duncan's New Multiple-Range Test.
l 'k*, *** denic':ep<O.Ol and p<O.OOl respectively, and Cl value of
non-signif icant:.,)ffect.

-~-
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"'able 6.2. The percentage of shoot tips that developed after the
excision of buds from apical, lateral and distal eyes of microtubers
examined 1 and 2 weeks after explantation.

Cultivar

l week

Bud origin

Apical Lateral Distal

2 weeks

Bud origin

Apical Lateral Distal

Kennebec 62 68 75 75 86 100

Russet Burbank 63 52 75 78 82 88

Superior 55 37 37 62 82 87

Chi2 test indicated that the origin of buds had no effect on thei.r
development •
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Table 6.3. Survival rate (%) of microtubers stored for 8, 12 and
18 months (mo).

Microtuber weight
Cultivar

Storage :5250 mg >250 mg

Kennebec
8 mo 100 100

12 mo 96 100
18 mo 0 75

Russet Burbank
8 mo 100 100

12 mo 92 100
18 mo 0 67

Superior
8 mo 100 100

12 mo 91 100
18 mo 0 54
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• Table 6.4. The effects of microtuber desprouting on the number
of subsequent sprouts ~10 mm and stems per microtuber-derived
plant.

Cultivar

Kennebec

Russet Burbank

Superior

Significance'

Cultivars (C)
Treatment (T)

C x T
c.v. (%)

Sprout number

Intact Desprouted

1.13 1.17 a

1.14 a 1.26 a

1.02 a 1.07 a

*
*

0.41
3.80

stem number

Intact Desprouted

1.02 b 1.14 a

1.06 b 1.23 a

1.02 b 1.19 a

**
**

1. 47
2.68

•

Means followed by the same letter are not 'significantly differeqt
at the p~0.05 level, Duncan's New Multiple-Range Test.
1 *, ** denote p <0.05 and 0.01 respectively, a value of non­
significant effect .
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Figure 6.1. The relationship between microtuber weight and the
number of 'eyes' per microtuber. For 'Russet Burbank' R2=0.9561,
8

0
=8.9956 and 8,=0.0156; 'Kennebec' R2=0.9328 8

0
=6.3277 and

8,=0.0129; 'Superior' R2=0.9571, 60=7.5751 and 8,=0.2123 •
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Figure 6.2. sprout length of microtubers stored at 6 oC for 8,
12 and 18 months .

98



PRIMARY SPROUTS: 08, lZl 12 and ca 18 months

50 _1 SECONDARY SPROUTS: • 8, ~ 12 and D 18 months

40 -.-
E
E-:c 30 -1-

C)
Z
LU
..J

1- 20 -=>
0
et:
a.
(JJ

10 -

O....ll_-

•
RUSSET BURBANK KENNEBEC SUPERIOR

•



•

•

Figure 6.3. The position of primary and secondary sprouts on
microtubers; apical eye-complex, lateral and distal eyes .
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Figure 6.4. The influence of spatial orientation (apex or distal
end up) on the position of sprouts developed from desprouted
microtubers of 'Kennebec'; apical-eye complex, lateral and distal
eyes .
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PREFACE Ta CHAPTER 7

chapter 7 is the mat~rial contained in a manuscript by Yves

Leclerc and Danielle J. Donnelly submitted for publication te the

American Potato Journal. The format has been changed to conform,

as much as possible, to a consistent format within the thesis,

according to guidelines set by the Faculty of Graduate Studies.

In this chapter the eftect of the physiological age ot

microtubers ?n the yield from microtuber-derived plants grown in

pot trials in the greenhouse was investigated.

'~
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CHAPTER 7. THE INFLUENCE OF PHYSIOLOGICAL AGEING

ON THE YIELD FROM POTATO MICROTUBERS

7.1 Abstract

Potato microtubers of 'Kennebec' and 'Superior' of two

physiological ages were grown in pot trials in the greenhouse.

Severe physiological ageing treatment (>2500 degree-days) had no

effect on microtuber sprout development, stern number, tuber

number and only marginally influenced the tuber weight yielded by

microtuber-derived plants compared with physiologically young

microtubers (120 degree-days). Microtuber-derived plants were

usually, but not always, single-stemmed. The occurrence of

multi-stemmed plants was positively correlated with microtuber

weight. The close proximity of buds on microtubers is believed

to be responsible for the strong apical dominance observed with

microtubers. The limited effect of severe physiologically ageing

on the plant and yield characteristics of microtuber-derived

plants is likely related to the limited volume of storage tissues

in microtubers.

7.2 Introduction

The physiological state of potato seed tubers evolves from

the onset of tuber formation to their development into plants.

To characterize the influence exerted by the physiological status
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of seed tubers on sprout growth, and subsequent plant growth and

yield characteristics, the concept of physiological aging was

introduced by Madec and pérennec (1962). ThG physiological age

of seed tubers increases with the chrcnological age of tubers and

with storage temperatures (Madec and Pérennec, 1956; Pérennec and

Madec, 1960). Upon the release of dormancy, physiologically very

young tubers will produce a single unbranched sprout. with

increased physiological ageing apical dominance is released, and

the number of eyes which develop sprouts increases. Multiple

sprouts with greater tendency to branch form at these eyes. with

further increase in physiological ageing the sprout branches

assume a diagravitropic growth and become stolons which later

form tubers at the apex (Ewing and Struik, 1992).

Tuber yields increase with the physiological age of seed

tubers, up to a maximum, beyond which they are reduced (Kawakami,

1963). When compared with physiologically younger seed tubers,

physiologically older tubers emerge more rapidly, producing

plants which initiate tubers earlier and proàuce greater yields

under short growing seasons, but lesser yields under longer

growing seasons (Toosey, 1964; Iritani, 1968;Wurr, 1978; Allen

and scott, 1980; pérennec and Madec, 1980; van der Zaag and van

Loon, 1987; Ewing and struik, 1992). Adverse environmental

conditions, before emergence or during the growing season, may

alter this behaviour (Pérennec and Madec, 1980).

Microtuber-derived (mTO) plants differed from seed tuber­

derived plants; they produced single-stemmed plants, initiated

103



•

•

tubers during a longer period (Wattimena et al., 1983) and were

more susceptible to early water stress and high temperatures

(Leclerc and Donnelly, 1990). Attempts to modify the development

of mTD plants by varying the physiological age of microtubers was

never investigated. The objective of this research was to

evaluate the influence of physiological ageing on the development

and yield of mTD plants grown in the greenhouse.

7.3 Materials and Methods

Potato microtubers of cultivars Kennebec and Superior were

induced using a two-step microtuberization system on medium

containing 80 g/l sucrose (Chapter 3). Microtubers weighing 50

to 1600 mg were stored at 20 Oc under total darkness to release

dormancy. The dormancy was considered to be released when at

least one sprout per microtuber was longer than 1 mm. After

dormancy was released the physiologically "young" microtubers

were greensprouted at 20 oC under continuous light, 50 ~mol/m2/s

illumination, for 2 wk before planting. Physiologically young

microtubers accumulated approximately 120 degree-days (> 4°C)

before planting. Physiologically "old" microtubers were obtained

by storing microtubers under the same conditions for an

additional 6 mo upon the release of dormancy. Physiologically

old microtubers accumulated more than 2500 degree-days from the

release of dormancy until planting. This severe treatment

corresponded to an ageing treatment twice as intense as the most

104



ta extreme treatment previously reported in the literature for

conventionally propagated seed tubers (90 days at 16-18 OC)

(Pérennec and Madec, 1980).

The experiments were carried out in the greenhouse of

Macdonald campus of McGill University during the fall of 1991

(October ta December) and replicated in the winter of 1992

(February ta May). Microtubers were planted at a depth of S cm

into 6 l plastic pots containing S l of peatmoss-based potting

mixture (promix, Premier Brand, Rivière-du-Loup, Canada). The

potting mixture was supplemented with 10 cc/l of slow release

fertilizer (Osmocote, 19-6-12). High pressure sodium lamps (400

watts; Lumiponic, Boisbriand, Canada) were used ta provide a 16 h

day for the first month, and a 12 h day subsequently. Greenhouse

temperatures were approximately lS oC at night and 22°C during

the day. Plants were hilled after 20 and 40 d by adding SOC cm3

of potting mixture per pot. The experiments were conducted using

a randomized complete black design with eight replicates. Each

replicate consisted of five pots containing one mTD plant in each

pot. Plants were harvested after 110 d.

7.4 Results and Discussion

•

Apical dominance in microtubers was strong, and contrary ta

what is generally observed with conventionally propagated seed

tubers (Kawakami, 1963; Pérennec and Madec, 1980), severe

physiological ageing treatment (2S00 Oc d, >4°C), did not modify
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... the expression of the phenomenon (Table 7.1). The large

differences in size between microtubers and conventional seed

tuLe~s may be responsible for the differences in expression of

apical dominance. The buds of microtubers are in closer

proximity to one another compared with buds of seed tubers. The

developing sprout of microtubers appear to exert a stronger

inhibitive influence on neighbouring buds than does the

developing sprout of conventional tubers. Multiple sprouting

occurred occasionally and was more frequent in 'Superior' than in

'Kennebec'. Sprout number per microtuber was positively

correlated with microtuber weight; correlation coefficients were

respectively of 0.3595 (p=0.0035) for 'Kennebec' and 0.4440

(p=0.0009) for 'Superior'.

Microtuber-derived (mTO) plants were usually single-stemmed,

and contrary to conventional seed tubers (Pérennec and Madec,

1980) the physiological age of microtubers had no influence on

the number of stems per mTO plants (Table 7.1). After 5 wk, ne

differences were observed in the heights or leaf numbers of mTO

plants grown from microtubers of the two physiological ages (data

not shown). Multi-stemmed plants were more frequent in

'Superior' than in 'Kennebec'. AlI multi-stemmed plants

originated from microtubers bearing more than one sprout at the

time of planting. However, microtubers with more than one sprout

did not necessarily produce multi-stemmed plants. A similar fate

of sprouts was reported with field-grown tubers (Hay and Hampson,

1991) .
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The number of minitubers produced per mTO plant was not

affected by the physiological age of the microtubers nor by the

growing season but was significantly greater for 'Superior' than

for 'Kennebec' in both seasons (Table 7.1).

Physiological age of the microtubers had little influence on

the weight of minitubers produced in the first trial conducted in

the fall (Table 7.1). In the second trial, conducted in the

winter, plants grown from physiologically younger microtubers

produced great~r minituber weights than plants grown fro~

physiologically older microtubers, but the comparison was

significant only for 'Superior'. Plants grown in the fall

produced a lower minituber weight than plants grown in winter,

where higher natural irradiation levels and longer daylength

favoured greater yields.

Minituber number and weight was positively correlated with

stem number per mTO plant; with correlation coefficients of

0.4668 (p=0.0010) and 0.3734 (p=0.0199) respectively. Wiersema

et al. (1987) reported similar results with mTO plants grown

under high density in nursery beds.

The frequency distribution of minitubers was not affected by

the physiological age of microtubers but strong seasonal effects

were observed (Figure 7.1). In the fall, most minitubers were

smaller than 10 9 while minitubers produced in winter were much

larger.

Physiological ageing is thought to be determined in the

storage tissues of tubers (Pérennec and Madec, 1980), but recent

107



~ reports indicate that the state of sprouts plays a role in its

expression (Scholte, 1989; Allen et al., 1992). The limited

volume of microtuber storage tissues may be responsible for the

restricted influence of microtuber physiological age on the

growth and yield characteristics of mTD plants. Although,

microtuber sprout vigour may have been increased by storing the

physiologically old microtubers in the light, as dernonstrated by

Scholte (1989). Physiological ageing had no effect on the

expression of apical dominance and only rnarginally influenced the

yield characteristics of mTD plants grown in the greenhouse.

Consequently, it appears possible to store microtubers for long

periods under adequate condi-tions with no or few deleterious

effects on subsequent yields.

~
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~ble 7.1. The influence of physiological age on sprout nurnber per
rnicrotuber, stern nurnber and rninituber nurnber and weight per microtuber­
derived plant grown in the greenhouse during two different seasons.

Season/
Cultivars

Physiological
age

sprout
number

stern
nurnber

Minituber
nurnber

Minituber
weight

(g)

Fall 1991

Kennebec Young 1. 39 1. 05 13.7 58.9
Old 1. 33 1. 03 11. 7 69.3

Superior Young 1. 79 1. 24 16.4 72.2
Old 1. 45 1.15 17.5 80.6

winter 1992

Kennebec Young 1. 34 1. 06 12.7 220.5
Old 1. 25 1. 01 11.9 205.1

Superior Young 1.82 1.28 18.4 266.0'
Old 1. 60 1.24 18.2 240.5

, indicates a significant difference at the 0.05 level.
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Figure 7. 1. The frequency distribution (%) of minitubers
produced from physiologically "young" and "old" microtubers grown
in pot trials in the greenhouse during the fall and winter
seasons. Physiological ageing did not significantly influence
the frequency distribution of minitubers (X2 , p>0.05% for all
comparisons) .
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CHAPTER 8. THE EFFECT OF IN-ROW PLANTING DENSITY AND PLANTING

DEPTH ON THE YIELD OF EX VITRO-DERIVED PLANTS OF THREE POTATO

CULTIVARS.

8.1 Introduction

six or seven field generations are necessary to produce

sufficient numbers of certified seed tubers in most North

American potato seed certification programs. Opportunities exist

for innovative agencies, private companies and certified growers

to reduce the total number of field generations by implementing

volume production strategies in their own laboratories and by

planting ex vitro material directly into the field (Addy, 1988;

Levy, 1985).

Ex vitro plantlet-derived (EVPD) and microtuber-derived

(mTD) plants were found to differ in sorne respects frorn seed

tuber-derived (STD) plants. The EVPD and mTD plants produced

single-stems (Leclerc and Donnelly, 1990; Wattimena et al., 1983)

initiated tubers during a longer period (Wattimena et al., 1983)

and were more susceptible to water stress than STD plants

(Leclerc and Donnelly, 1990). EVPD and mTD plan~s grown in the

field consistently produced more tubers than STD plants (Goodwin

and Brown, 1980; wattirnena et al., 1983; Levy, 1985; Leclerc and

Donnelly, 1990).

The yield characteristics of field-grown EVPD plants were

influenced by the between-row plant spacing (Levy, 1985) and by
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the in-row plant spacing in preliminary investigations

(Wattimena, 1983). The use of growth retardants in the

propagation medium, the type of ex vitro acclimatization

treatment including the duration of the acclimatization period

and container volume and the duration of the growing season

significantly affected the yield of EVPD plants grown in the

field (Thornton and Knutson, 1986; sipos et al., 1988).

The objective of this research was to evaluate the effect on

total tuber yield (number and weight) and plant height of in-row

plant spacing and planting depth. An economic assessment was

conducted to determine the optimal planting density for EVPD

plants in seed tuber certification programs.

8.2 Materials and Methods

Nodal cuttings of specifie pathogen-tested (SPT) 'Kennebec' ,

'Russet Burbank' and 'Superior' obtained from the Agriculture

Canada Laboratory in La Pocatière, Québec, Canada, were grown on

modified Murashige and Skoog (1962) salt solution supplemented

with 0.4 mg/l thiamine HC1, 2 mg/l ca-pantothenate, 100 mg/l

inositol, 30 g/l sucrose, 8 g/l agar (Anachemia, Lachine, Québec,

Canada) and the pH adjusted to 5.7 prior to autoclaving.

Plantlets were grown at 22 C under 80 Mmol/m2/s cool white

fluorescent illumination and 16 h photoperiod and subcultured

every 4 wk. Plantlets were acclimatized for 3 wk in the

greenhouse in clear plastic-covered seedling trays with 125 cm3
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4It cells containing a mixture of 1:1 peat-based potting mixture

(Premier Brand, Rivière-du-Loup):perlite. Ex vitro transplants

were watered daily. Plastic covers we~e gradually lifted after 3

d and removed by 5 d.

Field trials were conducted on a sandy loam soil. The EVPD

plants had 10-12 leaves at the time of field planting. In the

first experiment, treatments consisted of 3 in-row spacings of

10, 20 and 30 cm, while between-row spacing was a constant 80 cm.

This corresponded to plant densities of 125 000, 62 500 and

41 500 plants/ha, respectively. The EVPD plants were planted 10

cm above the root stem interface. In the second experime~lt,

EVPD- plants were grown at 3 planting depths of 5, 10 and 15 cm

above the root-stem interface, with an in-row spacing of 30 cm.

For both experiments, plots consisted of 3 rows of 4 m each.

Plants were harvested 100 d after field-planting.

The first experiment was conducted using a randomized

complete block design (RCBD) with 3 replicates in 1990 and 4

replicates in 1992. The second experiment was conducted using a

RCBD with 4 replicates in 1990.

Yield measurements were evaluated on 2.4 m of the middle row

and used to calculate tuber number/ha and metric tons/ha. Tuber

number and weight per plant, plant height and tuber size category

were measured on eight plants per treatment. The tuber size

categories included: Under grade «30 mm), Grade B (30-45 mm),

Grade A (45-80 mm) and Over grade (>80 mm).

The economic assessment was conducted using data published
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~ by the Québec Ministry of Agriculture (M~nistère de l'Agriculture

des Pêcheries et de l'alimentation du Québec, 1991). The

production cost per hectare were evaluated at $1 500jha, and

included the costs of labour ($466), fertilizers ($467),

limestone ($23), oats ($30), herbicides ($75), fungicides ($132),

insecticides ($60), defoliant ($37) and fuel ($210).

Data were analyzed by ANOVA and Duncan's New Multiple-Range

Test (Steel and Torrie, 1980) except tuber size distributions

which were analyzed using a Chi-square test for homogeneity of

distribution (Scherrer, 1980).

8.3 Resu1ts and Discussion

The yield and plant height characteristics of EVPD plants

were influenced by planting density and cultivar (Table 8.1) but

not by planting depth (data not shown). For both seasons, tuber

number and weight per hectare increased as in-row spacing

decreased from 30 to 10 cm (Table 8.1). significantly more

tubersjha were produced when EVPD plants were spaced 10 compared

with 30 cm apart. Tuber numberjha was significantly greater at

an in-row spacing of 10 compared with 20 cm for all cultivars,

except for 'Superior' in 1992. Tuber weightjha was significantly

greater at an in-row spacing of 10 compared with 30 cm for

'Kennebec' and 'Russet Burbank', and at an in-row spacing of 10

compared with 20 cm for 'Kennebec' in 1990. In 1992,

significantly greater tuber weightsjha were observed at an in-row

~
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4It spacing of 10 compared with 30 cm for 'Kennebec' and 'Superior',

and for an in-row spacing of 10 compared with 20 cm for

'Kennebec'.

On a per plant basis, tuber number and weight generally

increased as in-row spacing increased. Tuber number/plant was

significantly greater for all cultivars at an in-row spacing of

30 compared with 10 cm except for 'Kennebec' in 1992. Tuber

weight/plant was significantly greater when plants were spaced 30

cm apart compared with plants spaced 10 cm apart. Tuber

weight/plant was significantly greater at spacings of 30 compared

with 20 cm for 'Russet Burbank' in both years and for 'Kennebec'

and 'superior in 1992. Significantly greater tuber weight/plant

occurred for in-row spacings of 20 compared with 10 cm for

'Russet Burbank' in 1990 and with 'Russet Burbank' and 'Superior

in 1992. Plant height increased as plant density decreased, but

significant plant height increases occurred only between in-row

spacings of 30 or 20 cm compared with 10 cm for 'Russet Burbank'

and 'Superior' in 1990 and 'Kennebec' and 'Superior' in 1992.

No significant differences were observed in the yield and

plant height of mTO and EVPO plants grown at an in-row spacing of

30 cm (data not shown). The results obtained with EVPO plants

are therefore likely to apply equally to mTO plants.

Approximately 80% of the tubers produced were of seed tuber

Grades A or B. The tuber size frequency distribution was

minimally affected by planting density and only affected by the

growing season for 'Russet Burbank' at the 20 cm spacing.

4It
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Although greater tuber numbers and weights per hectare were

achieved by increasing field-planting densities to 125 000 EVPD

plants/ha, maximum yields per unit plant wereachieved by

decreasing the planting density to 41 500 plants/ha. These

results are in agreement with the preJ.iminary observations made

by wattimena (1983) on 'Red pontiac', but differ from Levy's

(1985) study in which reduced distance between rows from 90 to 45

cm reduced tuber weight of 'Idit' and 'orit' but not tuber number.

per plant.

An economic anaJ.ysis based on Québec field management costs

(Ti~le 8.3), indicated that the optimum planting density varied

with the plantlet cost. The optimal field spacing would be 10 cm

if the cost of plantlets was $0.10 or less, 20 cm if plantlet

costs were frow. 0.10 to $0.20 and 30 cm for plantlet costs
~

greater than $0.20. Decisions concerning the planting':density of

EVPD or mTD plants must be economically motivated. The cost per

unit tuber must be minimized .
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Table 8.1. Yield characteristics and plant height of ex vitro
plantlet-derived plants grown under three planting densities for two
seasons.

Year Tuber Tuber Tuber Tuber Plant
Cultivar number per weight per number per weight per height
Spacing ha (10') ha (T) plant plant (g) (cm)

1990

Kennt' 'ec
10 cm 52.1 a 47.6 a 4.2 b 380 b 75.6 a
20 cm 29.7 b 31. 2 b 4.8 ab 498 ab 75.7 a
30 cm 27.9 b 28.0 b 6.7 a 773 a 78.8 a

Russet Burbank
- 10 cm 80.8 a 35.9 a 6.5 b 287 c 82.7 b

20 cm 58.3 b 32.4 ab 9.3 ab 518 b 91.1 a
30 cm 44.8 b 27.7 b 10.8 a 665 a 93.8 a

Superior
10 cm 46.7 a 23.3 a 3.7 b 186 b 30.1 b
20 cm 41. 9 b 20.3 a 6.7 a 324 ab 42.5 a
30 cm 23.6 b 18.2 a 5.7 a 436 a 44.7 a

1992

Kennebec
10 cm 72.8 a 64.7 a 5.8 a 678 b 36.5 b
20 cm 36.4 b 54.1 b 5.8 a 865 b 38.4 a
30 cm 30.6 b 44.5 b 7.3 a 1067 a 38.7 a

Russet Burbank
10 cm 54.7 a 42.6 a 4.4 c 341 c 39.6 a
20 cm 38.3 b 36.6 a 6.1 b 586 b 39.6 a
30 cm 34.0 b 37.6 a 8.2 a 902 a 42.0 a

Superior
10 cm 55.6 a 40.7 a 4.4 b 326 c 15.7 b
20 cm 38.8 ab 37.5 ab 6.2 ab 600 b 20.0 a
30 cm 33.1 b 32.7 b 8.0 a 784 a 20.0 a

Means followed by the same letter within a column are not
significantly different (Duncan's New Multiple-Range Test, p:SO. 05%) .
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~ Table 8.2. Tuber size frequency distribution of ex vitro plantlet­
derived plants grown under three planting densities for two
seasons.

1990

Tuber size classes
Cultivar

1992

Tuber size classes

Treatment

Kennebec
10 cm
20 cm
30 cm

Under Grade
grade B

5 25
7 17
5 17

Grade Over
A grade

59 10
60 16
59 19

Under
grade

12
11
14

Grade
B

20
20
26

Grade Over
A grade

57 11
55 13
47 14

Russet Burbank
10 cm 8
20 cm 4
30 cm 5

Superior
10 cm 13
20 cm 10
30 cm 9

26
24
21

34
33
35

53
57
58

47
49
43

12
15
18

5
7

13

17
17
12

19
17
14

26
31
23

38
45
39

47
37
50

41
34
39

10
15
16

2
5
7

The following distribution was found significantly different (X2 ,

p~0.05%): 1990 vs 1992 for 'Russet Burbank' 20 cm.
Tuber size classes: Under grade «30 mm), Grade B (30-45), Grade A
(45-80 mm) and Over grade (>80 mm)
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CHAPTER 9. ESTABLISHNG A POTATO SEED TUBER CERTIFICATION

PROGRAM IN EGYPT.

9.1 INTRODUCTION

In Africa potato production increased by 60% in the last 15

years (FAO, 1990). This production increase is likely to

continue. The high yield potential and excellent nutritive

quality makes potato a very attractive staple food for countries

with rapidly expanding populations. Egypt is one of Africa's

largest potato producersi 1.4 million metric tons produced from

the winter and fall growing seasons. Yields average 16 tons per

hectare (Nganga and Potts, 1988). For the winter growing season,

approximately 40 000 tons of potato seed tubers (4-5 109 tubers)

are imported from the Netherlands at a cost of 15 to 20 million

dollars (US). A large portion of the imported seed tubers are

planted from December to January and the cro~ is destined for the

export market or stored to be used as seed tubers for the fall

growing season. The balance is planted later in the season to

supply the local market. In the fall (nili) season planting can

begin as early as mid August, if seed tubers were stored in mud­

brick structures (nawhellas), and extends to October. The entire

fall crop is locally consumed.

The limited availability of good quality seed tubers at

reasonable cost limits the expansion of potato cultivation in

Egypt. The price of seed tubers alone represents 50% of the
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~ total production co~t (Zaki, 1989). Imported seed tubers used

for the winter season are often physiologically too young.

Therefore, the full potential of these high quality seed tubers

is not fully exploited (Nganga and Potts, 1987). The large size

of the imported tubers make handling and planting more difficult

for unmechanized farmers (Zaki, 1989). Furthermore, the same

cultivars are used for both the fall and winter seasons, although

the' climatological conditions are very different. The winter

crop is planted under increasing daylength and temperature and

the fall crop is planted under decreasing daylength and

temperature (Nganga and Potts, 1987). The increased

availability of better adapted varieties for the winter season,

which is the most suitable season for potato cultivation, couId

lead to significant yield increases.

The introduction of true potato seed (TPS) technologies

could have a significant impact on potato production in Egypt.

However, the heterogeneity of the potato crops produced through

TPS makes them inadequate for the processing and export markets.

To further self-sufficiency, the development of a potato seed

certification program based on clonaI propagation would be

desirable.

In an attempt to achieve self-sufficiency in potato seed

tuber production the Egyptian Ministry of Agriculture, with

assistance from the Canada-Egypt-McGill-Agricultural-Response­

Project (CEMARP) and the Egyptian Ministry of Agriculture, are in

the process of establishing a potato seed tuber certification
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~ program. This program incorporates in vitro and greenhouse or

screenhouse propagation to generate specifie pathogen-tested

(SPT) planting material for distribution to Egyptian farmers.

The objective of the Egyptian seed certification program in 1991

was to develop the capacity to produce locally 100% of Egypt's

annual seed tuber needs within 10 years. Since its instigation,

interest in the project has increased considerably. Two

governmental laboratories were establishedj the Groppi Laboratory

south of Cairo and the Torel Farm on the desert road near Giza

Pyramids. Private tissue culture laboratories are also showing

interest in the commercial production of SPT material.

The objectives of this work are to review the different

aspects of potato seed tuber certification in Egypt and to

discuss the potential roles of governmental institutions and the

opportunities for private enterprise in this program.

9.2 Discussion

Potato Seed Tuber certification Program

The aim of a certification program is to multiply potato

seed tubers while maintaining varietal purity of seed stocks and

controlling the spread of disease by prescribing tolerances and

cultural conditions (Allen et al., 1992). The first mandate of

the Egyptian seed certification program is to address the

question of rules and regulations that would govern potato seed

tuber production in Egypt. Among the aspects that must be
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... regulated are classes of seed potatoes and their associated

quality standards, field production and storage.

In North America and northern Europe seed certification

programs generally rely on six to eight generations (field

multiplications) to obtain sufficient volumes of seed tubers to

supply the commercial gr~wers of tablestock and processing

potatoes (Wright, 1988; withmore et al., 1990; Allen et al.,

1992). In warm countries, such as Egypt, large populations of

virus transmitting insects are present during the growing season

(Marco, 1984). To succeed, the Egyptian Seed certification

program must severely limit the number of field generations and

practice strict insect control in the field.

Nuclear stock would be the entry class of the certification

program. Nuclear stock describe any tuber, plant or vegetative

propagule, produced in protected, environmental conditions from

tissue culture, that has been subjected to laboratory tests and

found free of disease and demonstrate freedom from varietal

iùixture.

Further greenhouse or screenhouse multiplications wou Id be

conducted to produce the Greenhouse Elite classes (from one to

several generations based on need). Greenhouse Elite l tubers

would be produced from Nuclear stock material or in vitro

plantlets or microtubers. Greenhouse Elite II or III tubers,

would be produced from Greenhouse Elite l tubers or any of the

higher classes (i.e. Nuclear stock material or in vitro plantlets

or microtubers) if necessary. AlI greenhouse or screenhouse
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~ propagations should be conducted under strict cultural

conditions. The crops would be inspected at frequent intervals

during the growing season. Compulsory testing would be done on

randomly selected samples of minitubers. The tested material

should be 8PT. Varietal mixing would not bé'tolerated in any

classes.

Foundation class tubers would be produced in the field from

Greenhouse Elite II tubers (or any of the higher classes). No

potatoes should have been grown in the fields in question for the

previous several seasons (2 years). The crop should be inspected

several times during the growing season and found free of

varietal mixture and the presence of viral, bacterial and fungal

diseases should not exceed prescribed levels. The Foundation

class tubers should be grown only in a very isolated area, such

as the Mount Katarina area. Previous studies by Marco (1984)

have demonstrated that populations of winged aphids in this

region are small, are active mainly in the spring, and only until

May. If it is not possible to grow Foundation class tubers in an

environment of low virus-vector pressure only one field

propagation cycle should be permitted in the production of

certified seed tubers.

The Certified tubers would be produced in the field from

Foundation tubers (or any higher classes of tubers). No potatoes

should have been grown in the fields in question for the previous

several seasons (at least 1 year). The crop should be inspected

several times during the growing season and no disease should be

• 124



•

•

found to exceed prescribed levels, varietal mixing should be as

low as possible. Two greenhouse propagations could be conducted

every year, in late fall and in winter. However, we recommend

that the field crop(s) be grown only during winter, when cool

temperatures and low virus-vector pressure are most adequate for

potato seed tuber production.

An example of a possible seed tuber certification scheme is

given in Figure 9.1. The number of greenhouses and field

generations were based on a 10-fold increase per generation. If

such a multiplication rate was not realized the number of in

vitro plantlets and/or microtubers must be increased accordingly.

This seed tuber certification program is termed a flush-through

system because it is based on the annual input of nuclear stock

coupled with the mandatory downgrading of seed lots, each

generation, to the lower seed tuber class (Johansen et al.,

1984).

The seed tubers should be stored at 4 oC at 90% relative

humidity. Potato seed tubers should be inspected periodically

during storage, to assure they are being stored adequately and

that no pests or diseases have appeared during storage.

A system of tuber grade sizes should be implernented to

better evaluate the quality of the seed tubers. Egypt Grade A

tubers would include tuber sizes between 20-45 mm which are the

idealsize for Egyptian farmers (Zaki, 1989). Egypt Grade B

would include tuber sizes between 45-80 mm. Standards should

also be prescribed to determine the levels of tuber damage and
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malformation acceptable for the Foundation and certified classes .

A system of official tags should be instated for seed lot

identification purposes. The tags, which would be delivered

after the final storage inspection, should give information such

as the class, variety, tuber grade size and crop certificate

number (seed lot number). Tags would also include a statement

declaring that the potato seed tubers identified by the

certificate number shown on the tag met with the regulations of

the Egyptian seed certification Program at the time of

inspection.

specifie Pathogen-Tested Material.

Only specifie pathogen tested (SPT) material should be used

for in vitro propagation. For aIl desirable cultivars, SPT

material should be imported through the International Potato

regional office in Egypt as in vitro plantlets or microtubers.

To assure that SPT material is readily available in Egypt, at

least one governmental laboratory should be responsible for in

vitro maintenance of SPT material. It would be advantageous in

the future to maintain the SPT material as in vitro microtubers

(Kwiatkowski et al., 1988; Dodds and Watanabe, 1990; Thieme,

1992) .

In vitro Propagation of SPT Material (micropropagation)

In vitro propagation is done using single node cuttings and

in v.l:i:ro microtubers. Single node cuttings are grown on modified
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Murashige and skoog (MS, 1962) basal salt solution supplemented

with 0.4 mg/l thiamine-HC1, 2.0 mg/l ca-pantothenate, 100 mg/l

inositol, 30 g/l sucrose, 7 g/l agar and the pH adjusted to 5.7

prior to autoclaving (Estrada et al., 1986). Cultures are

incubated at 22 oC, 50 Mmol/m2/s cool white fluorescent

illumination and 16 h photoperiod.

Microtubers are produced using layered shoots. In a first

step, root-severed plantlets (shoots) are layered in propagation

medium containing modified MS (1962) basal salt solution

supplemented with 0.4 mg/l thiamine-HC1, 2.0 mg/l Ca­

pantothenate, 100 mg/l inositol, 0.4 mg/l gibberellic acid, 0.5

mg/l 6-benzyladenine 20 g/l sucrose, 7 g/l agar and the pH

adjusted to 5.7. Cultures are incubated at 22 oC, 50 Mmol/m2/s

illumination and 16 h photoperiod. After 4 wk the medium is

removed and replaced by microtuberization medium containing MS

(1962) basal salt solution supplemented with 0.4 mg/l thiamine­

Hcl, 2.0 mg/l ca-pantothenate, 100 mg/l inositol and 80 g/l

sucrose. Shoots are incubated at 15 oC, 50 Mmol/m2/s illumination

and 8 h photoperiod (Leclerc et al., 1993).

Both plantlets and microtubers can be used as sources of SPT

material for Nuclear Stock production. The advantages of using

microtubers over plantlets are that they are easier to store,

handle and do not require an ex vitro acclimatization period.

Greenhouse and screenhouse propagation of SPT material

The objective is to maximize the production of minitubers;
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small sized tubers which do not generally exceed 40-50 g. The

prevention of plant recontamination by systemic pathogens is the

major concern at this stage. Intensive pest management and

roguing practices should be instated at this stage to eliminate

diseased plants.

Minituber production is conducted in a light potting mixture

(using peat moss, perlite, vermiculite or coarse sand), although

pasteurised soil couId be used. The potting mixtures should not

be re-used for further potato multiplication to avoid the

transmission of soil borne diseases. Insect-proof screens are

used in the greenhouse to protect the potato plants from pests

attacking the foliage, stem or tubers (Table 9.1).

Greenhouse- or screenhouse- grown minitubers can be produced

using ex vitro plantlets or microtubers (Ranalli et al., 1990;

Wiersema et al., 1987) or stem cuttings of ex vitro plants (Bryan

et al., 1981; Vander Zaag and Escobar, 1990; Van Minh et al.,

1990). Minitubers can be produced in pots or in beds under high

density planting (Wiersema, 1986).

Seed tuber production in the field

Only certified growers should be allowed to produce

Foundation or Certified tubers. These growers should be selected

on the basis of geographical location (in relation to virus­

vector pressure) of their farm unit, a farm unit being defined as

a single or a number of tract(s) of land operating as a single

unit and utilizing common equipment, facilities or storage, and
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• on their capabilities to conform to the prescribed regulations .

For each farm unit the production of Foundation or Certified,
potato seed tubers should be conducted on a field basis,which

corresponds ta an identifiable area of l~nd where seed potato of

a particular variety and class are planted. The harvested tubers

should be stored as individual seed lots (seed tubers of a

variety and class grown in a single field) ta al.J.ow their

identification and avoid mixing of varieties and classes.

The phytosanitary conditions under which the crop is grown

must be as strict as possible. Pests and diseases must be

closely monitored and controlled. Field propagation should

ideally be conducted in areas isolated from'commercial

Solanaceous crops, such as in the Sinai and Eastern desert

regions.

Governmental vs private industries: Roles and opportunities

Business opportunities now exist for private firms interested

in patata seed tuber production in Egypt. The involvement could

•

include tissue culture propagation, minituber production in

greenhouses or screenhouses or Foundation and Certified tuber

production in the field. The contribution of private enterprise

ta the Egyptian Patata Seed Tuber certification Program will

depend largely on their ability ta produce large quantities of

high quality plant material.. Quality control must be

intrinsically linked with these propagation efforts and sa, the

private firms must be strongly linked ta the governmental
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• certification agency. The competitive advantage of a company

depends as much on the possibilityto go beyond tha minimum

qua lity standards imposed, by the certification agency' "'S on its

production abilities. Clearly, corporate quality'standards must

surpass those of the certification agency. Besides the sanitary

quality of the product, uniformity of age and size, yea~ after

year repeatable quality, consumer readiness (ready tO,be used

when planted) and absence of varietal mix are all aspects of

quality that companies must deal with to be successful (Addy,

1988) •

The government is responsible for the creation and

management of the Potato Seed Tuber certification Program. This

governmental c~rtification agency assures that the quality

standa[ds of the program are respected by everyone involved in
il'

the developmentof certified seed tubers. opportünities also

exist for governmental institutions inêtissue culture, minituber
1: " "."

production and field propa0~tion.

Quality Standards

The reason for setting quality standardd at every step of

the propagation program is to control the disease incidence in

the Certified seed tubers.
'~ .~-~

The objective is to assure ho~ogenous

•

quality througho;~ the program.
!! ".

Establis~~ng realistic quality standards is one of the major

hur6Les facing the Egyptian Potato Seed Tuber Certification
, ;

Program. The establishment of quality st~ndards C0'1Sists of

" ,, .
'0'--('
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determining acceptable limits of viral, fungal and bacterial

contamination for every step of the certification program.

Quality standards must be strict enough to ensure that the

Certified potato seed tubers produced by the program are of good

quality, yet they must not be unreasonably strict, since this

would lead to the rejection of most of the potato seed tuber

being currently produced (Bryan, 1988). A zero-tolerance level

of pathogen infection should be instated for the in vitro as well

as for the higher Greenhouse Elite classes. For the lower

Greenhouse Elite and Foundation and Certified classes the limits

of reinfection could increase gradually as tubers move down

through the propagation scheme but should be kept as low as

realistically possible. The acceptable recontamination level for

each step of the propagation program has not yet been

established. These recontamination levels should be set by a

collegium representing aIl parties of the Egyptian potato seed

tuber industry. Economically, low contamination levels are more

expensive to sustain (Knutson, 1988). On the other hand, high

contamination levels makes the locally produced potato seed

tubers less attractive to farmers. When determining quality

standards it must be kept in mind that the objective of a potato

seed tuber certification program is to provide to farmers the

best quality seed tubers at the cheapest price possible.

The aspect of storage practices in relation to physiological

ageing should be address~d by the Egyptian Potato seed

certification Program as it is an important factor in the
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determination of the quality of potato seed tubers (van der Zaag,

1986). The optimum physiological age of tubers will vary from

500 to 2000 degree-days, depending on cultivar and duration of

the growing period (Allen et al., 1992). Efforts should be made

by the Seed Tuber certification Program to determine the ideal

physiological age for the cultivars of interest. The program

should favour the utilization of techniques such as diffuse light

storage (Scholte, 1989) to control the physiological quality of

potato seed tubers.

Pathogen Testing

The establishment of quality standards implies that potato

seed tubers must be tested for all systemic pathogens of concern

in Egypt (Table 9.1). Leaving the producers (laboratories,

green/screenhouse facilities or the growers) with the obligation

of testing theirown product will not guarantee a respect for

industry standards. For this reason an impartial pathogen

testing laboratory under the jurisdiction of the Ministry of

Agriculture must be created. The role of this pathogen testing

laboratory would be to monitor the quality of the product and to

make sure that the program quality standards are respected in the

greenhouse, in the field and during storage. The laboratory

would be responsible to assure that the rejected product b8

disposed of in an appropriate manner. It should be noted that

the rejection of a potato seed lot does not necessarily imply

that it must be destroyed. A rejected seed lot could be
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downgraded to a lower class of certification if it met the

quality standards of the lower class. The laboratory should also

have a mandate to provide strong technical support to farmers and

provide educational services.

It is not possible to test all the plant material being

produced by a certification program. Sampling ~trategies must be

developed to scientifically evaluate the level of pathogen

contamination. To effectively use sampling strategies, a strict

account of the accession origin of each in vitro plantlet

produced must be kept. similarly, in the greenhouse or

screenhouse and in the field a seed lot identification system

must be developed and enforced.

9.3 CONCLUSION

•

The establishment of a potato seed tuber certification

program will have a significant economic impact on potato

production in Egypt by reducing the cost of seed tubers.

significant yield increase could be achieved by making high

quality potato seed tubers of cultivars better adapted to the

Egyptian climate available on the market. It is essential that

the rules and regulations put in place by thèC~Egyptian Potato

Seed certification Program be agreed to and respected by all

sectors of the potato seed tuber industry. Ultimately, this will

be the responsibility of the Egyptian Ministry of Agriculture .
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Figure 9.1. Exarnple of a potato seed tuber certification scherne
adapted to Egypt. The nurnber of greenhouses and field
generations are based on a 10-fold increase per generation.
• Indicates that a third greenhouse propagation generation would
be required if it were not possible to produce Foundation seed
tubers in the field .
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CERTIFICATION LEVEL

IN VITRO PROPAGATION

NUCLEAR STOCK

GREEllHOUSE ELITE l

GREENHOUSE ELITE II"

FOUNDATION"

CERTIFIED

PROPAGATION GENERATION AND

NUMBER OF PROPAGULES PRODUCED

(SOO 000 plantlets or microtubers)

First greenhouse propagation
(Sxl0· minitubers)

Second greenhouse propagation
(Sxl07 minitubers)

Third greenhouse propagation
(Sxl0s minitubers)

First field propagation
(Sxl0s tubers)

Second field propagation
(Sxl09 tubers)



• Table 9.1. Major insect pests and diseases of the potato crop in
Egypt.

INSECTS WHICH ATTACK FOLIAGE

Myzus persicae
Aulocorthum solani
Liriomyza trifolii
Phthorimaea operculella
Shitocera gregaria
Epilachna spp.
polyphagotarsonemus latus
Thrips palmi

INSECTS WHICH ATTACK STEMS

Phthorimaea operculella
Agrostis segetum
Agrostis ipsilon

INSECTS WHICH ATTACK TUBERS

Phthorimaea operculella
Gryllotalpa africana
Agrostis spp.

VIRUSES

PLRV
PVA
PVS
PVX
PVY

BACTERIA

Erwinia chrysanthemi
Pseudomonas solanacearum

FUNGI

Alternaria solani
Botrytis cinerea
Collectotrichum coccodes
Helicobasidium purpureum
Phytophtora infestans
pytium ultimum
Rhizoctonia solani
Spongospora subterranea
streptomyces scabies
verticillium albo-atrum
verticillium dahliae

(From: Hide and Lapwood, 1992; Raman and Radcliffe, 1992)
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CHAPTER 10. SUMMARY

The microtuberization system reported in chapter 3 permitted

rapid and extensive tuberization of in vitro plantlets of

'Kennebec', 'Russet Burbank' and 'Superior'. Up to 2.3 g of

microtuber fresh weight per original plantlet were produced in an

MS-based medium containing 80 g/l sucrose incubated for 56 d

under an 8 h photoperiod at 15 oC.

The addition of coumarin or CCC and BA to the

microtuberization medium of layered plantlets did not increase

the weight or number of microtubers per plantlet compared with

elevated sucrose alone and depressed microtuber yield per

plantlet to sorne extent (Chapter 3). Coumarin increased

individual microtuber weight as indicated by the frequency

distribution analysis. Coumarin increased the number of larger

microtubers compared with CCC-BA and, to a lesser extent, with

the control medium. Contrary to the results of Hussey & Stacey

(1984) who used 2.0 mg/l BA and 500 mg/l CCC, the addition of CCC

and BA to the microtuberization medium failed to increase the

microtuberization response of plantlets compared with the control

medium. The promotive effect of cytokinins and CCC used singly

on microtuberization has previously been questioned (Stallknecht,

1985; Ewing, 1990). Clearly, under a short photoperiod and cool

temperature, the addition of coumarin or CCC and BA to the

microtuberization medium of plantlets is unnecessary and may even

be deleterious. ,~~
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When layered plantlets and nodal cuttings were incubated Lor

56 d under an inductive environment microtuber fresh weight

produced from layered plantlets was 3-5 times greater (from 1.92

to 2.06 g) than for nodal cuttings (from 0.36 to 0.63 g) on a per

original plantlet basiG. Differences in the surface leaf area,

site of the perception of the photoperiodic stimulation, and in

the surface of plant tissues in contact with the medium were

probably responsible for the large differences in microtuber

fresh weight between the two types of culture. Favouring

vegeta"tive growth of stolon segments or plantlets prior to

microtuber induction also increased microtuber fresh weight

(Chapman, 1955; Garner & Blake, 1989). Clearly, greater

microtuber yield can be achieved by increased vegetative area of

cultures prior to microtuber induction.

Although layered plantlets produced heavier microtuber fresh

weight per original plantlet, nodal cuttings produced more

microtubers. This difference in microtuber number per original

plantlet was most likely due to the expression of correlative

inhibition in layered plantlets. When plantletsare dissected

into nodal cuttings the hormonal balance at each node is

disrupted, promoting microtuberization.

The advantag~ of our two step microtuberization method over

that of Garner and Blake's (1989) is that heavier microtubers can

be produced more rapidly, up to 2.3g iD 56 days compared with

0.2 g in 119 days, respectively.

The use of our microtuberization system in the study of

Ü7



... potato tuberization may prove valuable, since two aspects of

tuber formation, i.e. the perception of environmental stimulation

and the reaction to this stimulation, can be studied

simultaneously in vitro.

Microtuber weight was significantly increased (by 24 to 45%)

when plantlets were pre-conditioned for 1 wk under an inductive

environment and incubated in microtuberization media containing

CCC, BA and sucrose, but not when the medium containedonly

sucrose (Chapter 4). The effect of environmental stimulation

could therefore be modified by the addition of growth regulating

substances in the microtuberization medium.

When the volume of microtuberization medium wasdoubled from

50 to 100 ml the number of microtubers produced per original

plantlet was significantly increased, by 20 to 44 % (Chapter 4) .

Microtuber dormancy period was influenced by cultivar and

microtuber size but not by the use of growth regulating

substances in the microtuberization medium (Chapter 5). The

dormancy period was shortest in duration for 'Superior' (14 and

11 wk for small and large microtubers, respectively),

intermediate for 'Kennebec' (15 and 12 wk for small and large

microtubers, respectively) and longest for 'Russet Burbank' (17

and 13 wk for small and large microtubers, respectively). The

dormancy periods of microtubers were positively correlated with

the relative'~ormancy periods reported for field-grown tubers.

The dormancy period, measured from harvest to sprouting, of

microtubers of fresh weights ~2~0 mg was significantly longer (by.-
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2-3 wk) compared with microtubers having fresh weights >250 mg

(Chapter 5). Since microtubers were induced over several weeks

the larger microtubers were generally those which initiated their

development earlier. The longer dormancy periods of small

compared with large microtubers reflected differences in the age

of microtubers at the time of harvest. Microtubers had longer

dormancy periods when harvested after 28 compared with 56 d of

incubation, when the dormancy duration was measured from harvest

to sprouting, but differences were not significant when the

dormancy period was measured from the time of microtuber

induction to sprouting.

The growth of apical buds, isolated from both small and

large microtubers and cultured in vitro, was not found to differ

significantly after 1 and 2 wk in culture (Chapter 5). It seems

unlikely that differences in bud maturity were responsible for

the differences in dormancy duration of small and large

microtubers.

Endogenous ABA levels, measured on afresh weight basis,

were greater in small than in large microtubers. The differences

were increased when the comparison was made on a dry weight

basis. The ABA content of microtubers increased with size,

indicating that, as observed with in vivo tubers (Krauss, 1981;

Koda and Okasawa, 1983), ABA was either continuously supplied or

synthesised in the developing microtubers. Correlation analysis

indicated that endogenous ABA levels were positively correlated

with microtuber dormancy periods of small and large microtubers .
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It appears that proportionally greater levels of endogenous ABA

were responsibl@ for the longer dormancy periods of small

microtubers. High levels of endogenous ABA have been linked with

prol~nged dormancy periods in field-grown tubers· (Coleman and

King, 1984). The concentration of both "bound" and "free" ABA

within potato tubers was greater in the periderm tissues than in

the storage parenchyma of the pith (Korableva et al., 1980).

Small microtubers have a greater surface to volume ratio so the

periderm tissues are proportionally greater than in large

microtubers.

Arnong the factors investigated, microtuber size appeared to

be the main determinant of quality (Chapter 6). Large (>250 mg)

microtubers had greater specifie gravity, possessed more

distinguishable eyes and more sprouts developed from large

microtubers compared with smaller microtubers. The smaller

surface/volume ratio of larger microtubers probably made them

less susceptible to desiccation ·than the light.er microtubers and

prolonged their storaga life.

Observations made on in vivo-produced tubers showed that

once tuberization was initiated no new buds or internodes were

produced (Cutter, 1978). The differences in eye number reported

in chapter 6 between smaller and larger microtubers were probably

not differences in bud number per see, but rather differences in

cell enlargement. Light and scanning electron microscopy

revealed that the apical eye-complex of small microtub~rs

contained a greater number of buds than.-that of large
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... microtubers. It app8arS that the number of eyes per microtuber

is not different between small and large microtubers, but for

small microtubers more eyes are located very close together «0.5

mm) at the apex. Microtubers are initiated on stolons between

the eighth or ninth internode from the stolon's apical meristem,

as previously reported from in vivo-produced tubers (Cutter,

1978) .

As microtuber dormancy ended, growth resumed rapidly at one

(occasionally two) bud(s) of the microtuber, most frequently from

the apical eye-complex, strongly inhibited the growth of other

buds through apical dominance (Chapter 6). As a result, plants

originating from microtubers were generally single-stemmed

(Wattimena et al., 1983; Leclerc and Donnelly, 1990). However,

multiple sprouting occasionally occurred, and the phenomenon was

positively correlated with microtuber weight (Chapter 7).

since buds that originated from different microtuber sizes

and eye positions were equally functional (Chapter 6), the

distinct pattern of sprout development observed in microtubers

appears to be related to the strong influence of apical dominance

in microtubers. Similar observations were previously reported

with small-sized minitubers grown in the field (Thornton and

Neundorfer, 1986; Melching et al., 1993). Removing the primary

sprout prior to planting partially released the effect of apical

dominance for larger microtubers, as observed with field-grown

tubers (Hay and Hampson, 1991), but the treatment was detrimental

for smaller tubers. Attempts to release correlative inhibition
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4It by storing microtubers distal end up were unsuccessful (Chapter

6) •

The physiological age of microtubers had no influence on the

number of stems per mTD plants (Chapter 7); these were usually

single-stemmed. All multi-stemmed plants originated from

microtubers had more than one sprout at the time of planting.

However, microtubers with more than one sprout did not

necessarily produced multi-stemmed plants. Multi-stemmed plants

were more frequent in 'Superior' than in 'Kennebec'. studies

made with field-grown tubers indicated that, similarly, the

sprouts present on conventional seed tubers did not necessarily

develop into stems (Hay and Hampson, 1991). After 5 wk, no

differences were observed in the heights or leaf numbers of mTD

plants grown from microtubers of the two physiological ages. The

number of minitubers per mTD plant was not affected by the

physiological age of the microtubers nor by the growing season

but was significantly greater for 'Superior' than for 'Kennebec'

in both seasons.

Physiological age of the microtubers had little influence on

the weight of minitubers produced in the first trial conducted in

the fall (Chapter 7). In the second trial, conducted in the

winter, plants grown from physiologically younger microtubers

produced greater minituber weights than plants grown from

physiologicallyolder microtubers, but the comparison was

significant only fbr,_'Superior'. The growing season hada

significanti~fluenceon the minituber weight of mTD plants .
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~ Plants grown in the fall produced a lower minituber weight than

plants grown in winter, where higher natural irradiation levels

and longer daylength favoured greater yields.

stem number was positively correlated with minituber number

and weight per mTD plants; with correlation coefficients of

0.4668 (p=0.0010) and 0.3734 (p=0.0199) respectively. Wiersema

et al. (1987) reported similar results with mTD plants grown

under high density in nursery beds.

The frequency distribution of minitubers was not affected by

the physiological age of microtubers but strong seasonal effects

were observed. In the fall, most minitubers we:lghed less than 10

g while the majority of minitubers produced in winter were

heavier than 10 g. Contrary towhat was generally observed with

conventionally propagated seed tubers (Kawakami, 1963; pérennec

and Madec, 1980), physiological ageing, even a severe

physiological ageing treatment (2500 oC d, >4°C), did not modify

the expression of apical dominance in microtubers; most

microtubers produced only one sprout regardless of their

physiological age. The large difference in the size of these

propagules may be responsible for the differences in expression

of apical dominance. The buds of microtubers are in closer

proximity toone another compared with buds of seed tubers. The

developing sprout of microtubers exerts a stronger inhibitive

influence on non-growing neighbouring buds than does the

developing sprout of seed tubers. Physiological ageing is

thought ta be determined in the storage tissues of tubers
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4It (Pérennec and Madec, 1980), but recent reports indicate that the

condition of the sprouts p1ays a ro1e in its expression (Allen

and scott, 1980; Scho1te, 1989). A1though sprout vigour may be

increased by.storing physiologically old microtubers in the

light, as demonstrated by Scholte (1989), the 1imited volume of

microtuber storage tissues may be responsible for the restricted

influence of microtuber physiological age on the growth and yield

characteristics of mTO plants.

The yield and plant height of EVPO plants were influenced by

plant spacing and cultivar but not by planting depth. For both

seasons, tuber number and weight per ha increased as in-row

spacing decreased from 30 to 10 cm. Significantly more tubers/ha

were produced when EVPO plants were spaced 10 compared with 30 cm

apart. Tuber number/ha was significantly greater at an in-row

spacing of 10 compared with 20 for all cultivars in 1990.

In 1990, tuber weight/ha was significantly great~~ at an in-row

spacing of 10 compared with 30 cm for 'Kennebec' ~nd 'Russet

Burbank', ano. at an in-row spacing of 10 compared with 20 cm for

'Kennebec'. In 1992, significantly greater tuber weights/ha were

observed at an in-row spacing of 10 compared with 30 cm for

'Kennebec' and 'Supe.::ior', aJ:d' for an in-row spacing of 10

compared with 20 cm for 'Kennebec'.

On a per pl.ant basis, tuber number and weight generally

increased as in-row spacing increased. Tuber weight/plant was

significantly greater when plants were spaced 30 cm apart

•
compared with plants spaced 10 cm apart .
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~ significantly greater for aIl cultivars at an in-row spacing of

30 compared with 10 cm except for 'Kennebec' in 1992.

significant differences in tuber number/plant occurred at in-row

spacings of 30 compared with 20 cm for 'Russet Burbank' in 1992,

while only 'Russet Burbank' in 1992 showed an increased tuber

number/plant at an in-row spacing of 20 compared with 10 cm.

Tuberweight/plant was significantly greater at spacings of 30

compared with 20 cm for 'Russet Burbank' in bath years and for

, Kennebec' and 'Superior in 1992. Significantly greater tuber

weight/plant occurred for in-row spacings of 20 compared with 10

cm for 'Russet Burbank' in 1990 and with 'Russet Burbank' and

'superior in 1992.

Plant height generally increased as plant density decreased,

but significant plant height increases occurred only between in-

row spacings of 30 or 20 cm compared with 10 cm for 'Russet

Burbank' and 'superior' in 1990 and 'Kennebec' and 'superior' in

1992.

No significant differences were observoQ in'0he yield and

p~:"lnt height of mTD and EVPD plants gro",,' at an in-row spacing of

30 cm. The results obtained with EVPD plants are therefore

likely ta apply equally ta mTD plants.:::>

The tuber size frequency distributionwa~

Approximately 80% of the tubers produced were of seed tuber
.~..:;,..,/

-',;..
Grade A or B.

mi.nimally affected by planting.>cùeT\sity and only affected

growing season for ' Russet Burbank' at the 20 cm spacing:.

by ;t~he.<
'i:.,

Our study, indicate,l. that although greater tuber·'numbers .. end
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• weights per hectare were achieved by increasing field-planting

densities to 125 000 EVPO plants/ha, maximum yield per unit plant

were achieved by decreasing the planting density to 41 500

plants/ha. These results are in agreement with the preliminary

observations made by Wattimena (1983) on 'Red Pontiac', but

partly contradict Levy's (1985) study in which reduced distance

between rows from 90 to 45 cm reduced tuber weight but not tuber

number per plant.

Decisions concerning the planting density of EVPO and mTO

plants must be economically motivated; the cost per unit tuber

produced must be reduced as much as possible. The economic

analysis based on Québec field management costs, indicated that

the optimum plant spacing was 10 cm if the cost of plantlets was

$0.10 or less, 20 cm if plantlet costs were from 0.10 and $0.20

and 30 cm for plantlet cost greater than $0.20.

A potato seed tuber certification pro9ram adapted to the
,:/ ,',

needs and constraints of Egypt is presented in chapter 9. This

programs relies on the mass p~opagation of micropropagated

material followed by a number of greenhouse mult~plications. The

'<" number of field multiplication(s) is limited to one or possibly

twa field propagations to reduce to a minimum the risks of

pathogen reinfection. The opportunities for private firms are
----=-.

discussed as well as the role of governmental agencies in the

certification program. Rules and regulations concerning

greenhouse and field production, storage and pathogen testing are

discussed in light of Egypt's needs, as well as limitations in
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• CHAPTER 11. GENERAL CONCLUSIONS

The results presented in this thesis shoûld have a positive

impact on the implementation of microtuber ter.hnologies, as an

alternative to plantlets, in potato seed certification programs.

The microtuberization of plantlets can be achieved rapidly by

layering them in propagation medium for 28 d,and then

transferring them to modified MS-based liquid microtuberization

medium containing 80 g/l sucrose under 8 h light, 50 ~mol/m2/s

period at 15 oC. with this method exogenously supplied coumarin,

CCC and BA are not necessary for optimal microtuber production.

Cultivars differed in their ability to tuberize in vitro.

Increasing the incubation period from 28 to 56 d increased

microtuber fresh weight, while increasing microtuberization

medium volume from 50 to 100 ml signifièabtly increased

microtuber number per plantlet. This microtuberization system, a

simplified ver:;;ion of the protocols de.-·'elope;d by Estrada et al.

.\1986) and Meulemans et al. (1986), may have significant

.commercial implications. The use of liquid media, the absence of

growth regulators in the microtuberization media and the lower

labour input required to handle plantlets will help potato seed

certification program reduce the tosts associated with microtuber

production.

Layered plantlets produced a significantly greater

microtuber fresh weight, but fewer microtubers per original

plantlet compared with nodal cuttings. The effect of a l wk':

• =
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4It environmental pre-conditioning on microtuberization could be

modified by the presence of growth regulating substances in the

microtuber-ization medium.

The physiological proc~sses involved in microtuber dormancy

appear to be simlèar to field-grown tubers in a number of ways.

Microtuber dormancy was cultivar-specific; genotypes with longer

dormancy periods in vivo also had longer dormancy periods when

induced in vitro. Small microtubers ($ 250 mg) had longer

dormancy periods than larger microtubers when the dormancy

duration was measured from harvest to sprouting. Differences in

dormancy periods of microtubers'appears to be related to

variation in the àge of microtùb~rs at the time of harvest.

Duration of the ,incubation (growth) period had no effect on the

dormancy perioàs of microtubers, when measured from microtuber

initiation to sprouting. Although a positive correlation was

established between the dormancy duration and endogenous ABA

concentration of small and large microtubers, this does not

preclude the involvement of other compound(s) as suggested by

Hemberg (1985). The addition of growth regulators to the

microtuberization medium had no effect on microtuber dormancy

periods. It can be concluded that the dormancy periods of

microtubers can be predicted on the basis of genotype and size at

harvest. This information will be valuable for seed tuber

certification programs and allow them to integrate information on

microtuber dormancy into their production schemes.

Size appears to be the main factor affecting microtuber• 149



• quality, sprout development and storage life. Larger microtubers

(>250 mg/l) had higher specifie gravity, more distinct eyes and

produced more sprouts compared with smaller (S250 mg)

microtubers. The development of sprouts, and subsequently, stems

on microtnbers was strongly regulated by apical dominance.

Attempts to release apical dominance through desprouting were

partly successful for larger microtubers. It appears

advantageous to produce larger microtuber, as theY,can be stored

for longer periods of time and can potentially produce greater

yields than 'smaller microtubers.

Physiological ageing had no effect on the expression of

apical dominance and only marginally influenced the yield

characteristics of mTO plants grown in the greenhouse. The

proximity of buds on microtubers favours the expression of apical

dominance. The fresh weight of minitubers produced from

physiologically old microtubers grown in pot ti·ials in the

greenhouse was slightly reduced compared with that of

physiologically young microtubers. Minituber number per mTO

plant was not affected by the physiological age of the

microtubers nor by the gr0wing season. It is therefore possible

to store microtubers for long periods of time with little or no

effects on their subsequent yield.

Maximum yields per unit area were achieved by increasing the

planting density to 125 000 EVPO plants/ha while maximum yield

per unit plant were achieved by decreasing the planting density

to 41 500 plants/ha. The economic analysis based on Québé6 field
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management costs, indicated thdc the optimum planting density was

125 000 plants/ha if the cost of plantlets was $0.10 or less, 62

500 plants/ha if plantlet costs were from 0.10 and $0.20 and 41

500 plants/ha for plantlet cost greater than $0.20. This study

will help potato seed certification agencies to optimize the use

of micropropagated material inihe field.

The establishment of a potato seed tuber certification

program will have a significant impact on potato production in

Egypt by increasing seed tuber availability, reducing their cost

and making available to the market cultivars better adapted to

the Egyptian climate. To succeed, the Egyptian potato seed '

certification program must emphasise in vitro and greenhouse

propagations and limit field propagation to a minimum .
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~ CHAPTER 12. CONTRIBUTIONS TO ORIGINAL KNOWLEDGE

The following are considered to be contributions to original

knowledge from the work described in this thesis:

1. An improved protocol was developed for the rapid and

extensive tuberization of in vitro plantlets in an Murashige and

Skoog (1962) based microtuberization medium containing a high

sucrose level without the need for chemical inducing agents. In

addition, the number of microtubers produced from layered potato

plantlets was significantly increased when the volume of

microtuberization medium was augmented.

2. This is the first comprehensive report on microtuber

dormancy. a) the relative dormancy period of microtubers was

found to be cultivar-specifie, b) microtubers 5250 mg were found

to have longer dormancy periods than microtubers >250 mg, c) a

significant correlation was established between in vivo and in

vitro dormancy periods and d) the involvement of abscisic acid in

the dormancy of microtubers was demonstrated.

3. This is the first demonstration of the advantage of

increased microtuber size on several important microtuber

characteristics, including specifie gravity, number of eyes and

on sprout and stem development and storage life .

• .... 152



•

•

4. This is the first report on the effect of the

physiological age of microtubers on sprouting and subsequent

yield. Physiological age did not modify the expression of apical

dominance in microtubers in contrast to its effect on

conventionally produced seed tubers. Physiological age of

microtubers did not affect mTD plant development and minituber

number and only minimally affected minituber weight.

5. This is the first investigation of the influence of in­

row planting density and planting depth on the yield of ex vitro"

plantlets grown in Québec. Tuber number and weight per hectare

increased while tuber number and weight per plantlet decreased

with increasing plant density. An economic assessment showed

that optimal planting density varied according to plantlet cost.

6. This is'the first comprehensive discussion of the

different aspects of potato seed tuber certification in Egypt .
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CHAPTER 13. SUGGESTIONS FOR FUTURE RESEARCH

1. The potential of Jasmonic acid as a promoter of

microtuberization should be evaluated and compared to the growth

regulator-free microtuberization medium described here.

2. Further work sr.ould be done to optimize the volume of

microtuberization medium in relation to container size and type.

Economie considerations should be employed to determine the

optimal volume and container type.

3. Longer pre-conditioning treatments should be studied as

a means to increase microtuber number and weight.

4. The application of this microtuberization system to the

study of potato tuberization should be further investigated since

both the perception of environmental stimulation and the reaction

ta this stimulacion can be studied simultaneously in vitro.

4. Research should be conducted in collaboration with

engineers to develop a fermentor-type,microtuberization vessel in

an attempt to further increase microtuber size and reduce their

production cost.

5. Additional studies should be conducted in an attempt to

evaluate the involvement of other compounds such as regulatory
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proteins or other plant growth regulators in the dormancy control

~f tubers.

6. The possibility of sowing microtubers directly into the

field following pre-germination and peat-encapsulation treatments

should be investigated.

7. Research on the optimum physiological age of potato

tubers grown under the Egyptian climate should be undertaken .
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