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I. Introduction 
There are many examples of cultivated plants, that were first grown as heterogenous, seed
propagated populations, but plant breeding led to the production of uniform, high yield
ing, vegetatively propagated clones to be used as cultivars. Going the opposite way. from
vegetative propagation to the use of botanical seed, can draw on few earlier examples 
except among ornamentals. 

Potato tubers as planting material are expensive. They may propagate diseases if seed
tuber certification programmes are not enforced. Production and testing of clean seed is 
expensive. Potato tubers are heavy and bulky and perishable.

The constraint lbrmed by the high cost or unavailability of high quality seed became
particularly evident in the eflbits of the International Potato Center (CIP) to improve
production and expand potato cultivation to new areas in the developing world. Seed tubers are usually imported at high prices, they may arrive at the wrong time for planting
and have the vrong physiological age. They are difficult to store and to transport.

Two solutcns were possible: Find ways to make high quality seed tubers available at a 
more reasonable price, or circumvent the difficulties of disease propagation. perishabili
ty. heaviness and bulk. by dismissing potato tubers as planting material. Botanical seed
does not transmit most of the viruses, it isvery lightweight and easy to transport.

Both ways are used in order to promote potato production in developing countries. In
vitro propagation and or rapid multiplication of pathogen tested selected cultivars. in
combination with 'election of the best season and locality for field production of seed
tubers in national programmes, is improving the availability of seed tubers in many de
veloping countries. Botanical seed is already an alternative for some areas. Some 
competition is apparent. The final outcome has yet to be seen. 



11. History 
The story of true potato seed is one where the beginning iooses itself in the distant past 
and the future is not vet known. 

We believe that the first cultivation ofpotatoes could have resulted from the collection 
of tubers. some ofwhich produced plants, which gave botanical seeds, which accidentally
produced plants. some of which gave better tubers and so on. We know that potatoes in 
the Andes are still produced from botanical seed at intervals (Maiagamba & Monares. 
1987: Salaman. 1949). 

We know that attempts to use botanical seed for potato propagation were made soon 
after !he introduction of potatoes to Swedish agriculture. In a letter to the Academy of 
Science in Sweden (Wimmermark. 1751) a description is given of how in 1748 Mathias 
Kylander. Link6ping. collected botanical seed. which was sown in the spring of 1749 and
transplanted to the field. He harvested potatoes the size ofa nut. which he saved and plan
ted again in the field :he following spring. In the autumn he harvested potato tubers which 
were higher yielding and of'different shape and with a thicker peel than those in the rest 
of the field. He intended to repeat the harvest of botanical seeds from these plants to see 
if in this way he could make the plants increasingly tolerant to cold. 

This short paper by a clergyman/farmer in 1751 gives in a nutshell many ofthe advanta
ges and disadvantages of true potato seed - the improved yield the second year. but also
the longer time needed flor development from true seed. Fie used methods recommended 
now - transplanting seedlings in order to harvest tubers, which because oftheir small size 
were most suitable for use as seed tubers. The crop produced was different from the origi
nal plants. and variable, which gave him the idea that further generations could give even 
better material. Breeding had started. But a continued use of botanical seed for propaga
tion did not take place. May we conclude that if it had proved to be a usable method. TPS 
cultivation would have continued, and we would now have improved cultivars for TPS 
propagation? 

Records can be found of similar occurrences in other countries during the 19th century, 
e.g. when botanical seed was imported to Europe after the blight epidemic in 1845 (Haan.
1953). Experiments were made in India in the 1940s (Upadhva. 1979).

The first attempts at producing potato cultivars for botanical seed propagation during
modern times were probably made in the USSR. Publications started to appear in the 
I950s. and recent surveys indicate that breeding is carried out at several institutes (Trink-
Ier et al.. 1984: Budin. 1985). At least three TPS-cultivars have been released, intended for
 
production of seedling tubers.
 

In the People's Republic ofChina research on true potato seed started 1959 (Li & Shen.
 
1979: Song. 1984: Song et al.. 1987: Wang. 1985). The work was initiated in Inner Mongo
lia by Dr. Chang Hung Quin. and led to the decision to begin a large-scale TPS production
 
programme in 1972.
 

The reason for this decision was two problems in Chinese potato production: high virus 
incidence and lack of late blight resistant varieties. Two high yielding cultivars. expected
to have satisfactory resistance to late blight, had been identified in 1968. These produced
berries after open pollination, and their progenies had sufficieni uniformity and attractive 
tuber characteristics. This material has been used in Inner Mongolia and in the South
west mountainous region in China for the production of seedling tubers in nursery
seedbeds or after direct sowing or transplanting to the field in different regions. depending 
on the length ofl he growing period. Further multiplication may take place up to five or 
six times. depending on the danger of virus spread in the area. 

Work on TPS started in New Zealand in 1976. Experiments indicated that potato seed
lings could be raised directly in the field (Bedi. 1978) and that favourable yields could be 

73 



harvested from direct-sown or transplanted seedlings, but with higher yields from the lat
ter (Bedi & Smale. 1978). Experiments were reported on in comparison with vegetative
seed of'an estaL'ished cultivar. as well as management practices for various phases ofTPS
work (Bedi et al.. 1979). and optimism was expressed ofthe possibility ofproducing com
mercially acceptaule TPS cultivars. An open pollinated line, Waitangy. was distributed 
by a local seed firm for the amateur home grower (Anon., 1981).

Acommercial project was started in the United States in 1976 (Leue, 1984), by a compa
ny which had already developed cultivars propagated via botanical seed from normally
vegetatively propagated ornamentais and strawberries. 

Potatoes from true seed were expected to be attractive for home gardens, and the initial 
concept was of potatoes as a new vegetable in the bedding plant market. A potato from 
true seed was not expected to be suitable for large scale production, although later the
potential for international use in tropical and subtropical countries came into focus.

Considerable effort went into all the steps of developing the product, from production
and handling of the botanical seed, to the development ofdetailed cultural recommenda
tions for bedding plant growers for production of seedlings and for home growers for 
transplanting and culture of the seedlings.

The variety Explorer was introduced in 1981, and agressively marketed in many parts
of the world. 

By this time a world wide interest in TPS had been aroused through the work of CIP.
CIP brought out the considerable advantages of botanical potato seed for developing
countries, created the expression TPS, and the slogan >A handful of seed replaces two 
tons of tuberso. Work started in 1977, and since then has grown fast. The first planning
conference on TPS was held in 1979 in Manila. the Philippines. Experiments were started
in many countries, developed and developing, around the world. Aworking group within
EAPR was formed in 1984. For this presentation it was initially my intention to try to 
map the countries, which have experimented on TPS. I had to give this up except for deve
loping countries, where data have been provided by CIP for countries with which they
collaborate. The majority of such experiments have not, at least not yet, been reported
on in scientific journals. My impression is that nearly all countries that do any potato re
search at all. have also had at least exploratory experiments with TPS. 

III. Present status of adoption of TPS technology
 
The rather massive experimentation and evaluation of TPS technology that has taken
 
place during the last decade, has led to a start in adopting the technology in some deve
loping countries, but so far not in developed countries. 

Ill. 1. Survey of researchandadoption in developing 'ountries. 

A survey of the status of TPS work in countries of the developing world which L, 0.bo
rate with CIP was made in 1983 and again in 1986 (Table 1). The questionnaire involved 
a total of 68 countries. Research on TPS was listed as in progress in 36 countries in 1983,
and in 38 in 1986. In 1983 TPS was grown in farmers' fields in 3 countries, in 1986 this 
figure had increased to 8.The majority of those were in South Asia and the Far East.

For the countries in the table both total acreage and acreage under potatoes and TPS 
varn to an extren.e degree. Many of the countries are very small. The People's Republic
of China is counted as only one country, although it has many provinces, which might be 
more comparable units. The amount of TPS shipped form Inner Mongolia to the South
west Mountainous region in China was given as 1000 kg as early as 1978. In 1979 15.000 
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Table i. Number ofdeveloping countries in different regions, where research on TPS is carried out,
 
or TPS is grown in farmers' fields. compared with the number of countries with research
 
on or application of vegetative propagation based in vitro.
 
(Data from CIP surveys 1983 and 1986)
 

intp,nIhiz"'r ntri', 
T'S 

research 
TP'S 

farmer 
Tuberseed 

basedin vitro 1 
83 86 N3 S6 83 86 

Andean Latir.America(5) 
Non-andean LatinArnerica(5 
Central .America (6) 
Eastern Africa(16) 
Near and Middle East (7) 
North arid West Africa (7) 
South Asia (6) 
Far East(lS 
The People's Republic ofChina (I) 

3 

5 
10 
4 
2 
4 
6 
I 

2 
4 
1 
9 
5 
5 
5 
6 
I 

I 
1 

1 

1 I 
3 
1 

2 
3 
3 
2 
2 

3 
2 
I 

5 
4 
2 
5 
I 
2 
4 
7 
I 

lotal countries(68) 36 38 3 8 18 31 

ha ofTPS was grown in the Sichuan province. A total of 20.000 ha was reached in China,
but production has later stagnated. There appears to be two main reasons for this; the
material used originally carried the potato spindle tuber viroid, which was not known at 
the time. and material which produced sufficiently uniform progenies has not yet been 
available to replace it (Wang, 1985: Shen, personal communication).

Although no conclusions about acreages can be drawn from the table, it demonstrates 
that interest in TPS research is increasing in developing countries. This can be corrobo
rated by success stories from individual countries. Promising results with high yields are 
especially apparent in e.g. the Philippines and Bangladesh. It should be specially pointed
out that what TPS is intended to compete with at present in the developing countries is 
available seed tubers, not the best possible future seed tuber quality. Even in such compa
risons. however, experimental results are often in favour of TPS. 

III. 2. TS adoption in developed countries 

According to Bedi (personal communication) the Waitangy open pollinated line released
in New Zealand for amateur home growers met with mixed success. The interest was
?-at because the seed was c-heap. Some growers, who used transplanting and followed 
growing instructions, produced good crops, but many failed. Later attempts were made 
to have commercial nursery men germinate the seed, and sell transplanted seedlings in 
pots. Problems arose when seedlings were ready for sale: if not sold immediately they
became root-bound, and began to tuberize in the pots. This adversely influenced their 
subsequent performance. Attempts to have efficient farmers produce tubers after trans
planting were successful as far as yield and appearance were concerned. Tuber yield was 
lower than from tuber seed. but the small tubers were very uniform, and were sold washed
in supermarkets. Consurner response on the quality of the tubers was mixed. Because of 
the expensive packaging, transport and distribution, the cost was relatively high. A better 
line. also from open poilinaion, since the use of hybrid seed is regarded as out ofquestion
because of expensive labour, is now being tested. Among its traits are mentioned higher
yield and wider adaptability than Waitangy, and it is being tested e.g. in France and Kurea. 

The Explorer variety from USA, which was marketed in many countries, met with mix
ed success (Leue, 1984) for similar reasons. Seedlings were weak and delicate, and even 
well grown plants needed more sales promotion than other bedding plants. Johnston et 
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al. (1984) in a Canadian advisory leaflet analysed the reasons for the failure that many
growers had experienced- the variety was too late, about 180 days were needed to produce 
a crop: the material was not adapted to Canadian conditions; genetic variability in plant
size. maturity and tuber traits was too large. Advice was given to use the material in a two 
year cycle instead, starting the seed indoors a;id then t;'ansplanting to flats outdoors for
harvest ofseedling tubers the first year, which could be planted the next year, and used for 
food or even for selection of new varieties. 

According to Leue (1984) TPS breeding for the U. S. >ome garden market was not re
garded as justified by the sales, although trials had shown that considerable improvement 
over Explorer were possible. A further reason for this was the extreme variability from 
season to season in yield of botanical seed. Breeding and seed production continues, how
ever, in warmer countries. 

Il. 3. W'ays ofutili:ationof TPS 
The experiences that seedlings are difficult to use for direct ware production agree with 
the statements in publications from the People's Republic of China (Song, 1984), Taiwan 
(Tsao & Chang. 1982) and USSR (Trinkler et al., 1984), that production of seedling tubers 
for use as tuber seed, and not ware production, can be recommended. 

CIPs results also indicate that seedling tuber production will have the major importance
at least within the near future. In some areas, where climatic conditions are adverse for
tuber production and storage, and a tradition exists for growing vegetable crops, trans
planting of seedlings may be made for direct ware production.

Most striking is the variety of ways in which utilization ofTPS isadapted to local condi
tions (Monares et al.. 1983: Ninez. 1985: Haugerud & Nyirazikwiye, 1986; Wiersema &
Booth. 1987). The development is a very interesting one, and which way or ways of utili
zation will have the greatest future impact is difficult to tell. 

IH. 4. .. dvantagesand disadvantagesof TPS 

A more detailed list ofadvantages and disadvantages of TPS can be made now, based on 
experimental results, than the reasons listed ;n the introduction, that led to the attempts 
to introduce the TPS technology.

What were seen as the most important advantages - low cost planting material, reduced 
pathogen transmission, inexpensive and non-bulky storage and transport, longer term 
storage - remain as high in importance, but with modifications. Since the experience is 
that production of seedling tubers rather than direct ware production is expected to be
come more widely adopted, the time a seedling is exposed is prolonged, which necessi
tates breeding for virus resistance as well as for TPS production. Production of the 
botanical seed meets with difficulties in warm tropical areas with a short photoperiod.

The importance ofthe expected disadvantages, among which the lack ofuniformity and 
the longer growing period needed, resuiting in an expected low yield, were seen as the fore
most. has proved to be exaggerated.

The yield levels, even when open pollinated progenies have been used, have been very
good especially when compared with available local seed tubers in developing countries. 
The variability in plant and tuber characteristics, maturity, dormancy etc. has generally
not been seen as a major problem in developing countries. 

Improved genetic,1 material is asked for. understandably, since in progenies used for
experimentation major improvements to traits of importance for TPS production have 
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not been possible in the 10 years since the start. These traits iiclude seedling vigour and
increased tuber size in transplanted seedlings.

Compared to tubers, and also compared to most agricultural crops grown from botani
cal seed, potato seedlings are delicate and difficult to handle. Damping off and insect
attacks have made pesticide application an expensive necessity. In areas where a tradition
exists in growing small seeded horticultural crops the raising of the potato seedlings has 
not caused difficulties, however. 

Obviously, only in certain area3 are favourable weather conditions present in two seasons to make it possible to produce seedling tubers of an ideal physiological age at the 
optimal planting time. 

Conclusions made at CIP about the general agro-economic conditions most favourable
for adoption ofTPS technoklgy (Malagamba, 1984, 1987) were that mesothermal tropical
zones, where seed tubers are costly and their quality rapidly deteriorates due to high tem
perature and the incidence oftuber-transmi ted diseases, appear as those with the highest
potential for adopting TPS. 

IV. Production of botanical seed and seed quality 
In order for TPS to become an alterative for potato production, it must be possible to
produce sufficient amounts of botanical seed of an acceptable quality and a satisfactory
genetic background at a cheaper price than that of tuber seed. This seed must give the
potential to produce a crop of tubers with an acceptable yield, uniformity and culinary
quality under the ecological conditions in question.

Tie economy of production of botanical seed is influenced by the flowering and seed
setting capacity of the parental material, of the inputs of material aid labour necessary,
the cost of which is country specific. The quality of the seed produced also influences its
commercial value, as does the genetic characteristics and uniformity of the crop that canbe produced from the seed. Let us, however, postpone the discussion of future demands 
on combination of traits in TPS cultivars and uniformity until later, and first discuss
mainly tetraploid progenies produced after crossing or open pollination, i.e. the type ofmateiial, which has been used in the exploratory work on TPS production, and also has
been found satisfactory for ware production in many developing countries. 

I I 1. Flowering and berr)' production 
For planting one hectare of transplanted seedling crop, about 100 g of bc .1nical seed are 
needed.
 

It iswell known to all potato woi kers that many caltivars never flower in the field, even
under long day conditions, which are the most conducive of flowering. In earlier breeding
conscious or unconscious selection has taken place for reduced berry production. Ji is notneeded, it may divert assimilates from tuber production, seeds spilled in the field may
cause problems in later crops. Breeders have worked out management ,ethcdr. and treat
ments to improve flowering and berry setting sufficiently for most genotypes to be used
in breeding programmes. In those a few thousand seeds are sufficient, and considerable 
effort may bejustified in order to produce a good progeny.

The situation is different when cheap production of kilograms of high quality seed is
needed. Production of'large amounts of botanical seed may be difficult, especially in lowlatitude warm climates. This has been pointed out in several publications from CIP and
other programmes (Accatino & Malagamba, !982; Kim et al., 1983; Tsao, 1981, Upadhya
et al.. 1984). The well known influence ofphotoperiod/temperature was ,emonstrated in 

77 



Table 2. Influence ofenvironmen, on production of botanical seed. Malagamba, 1986. 

SLocation Lattudi lowers ' Botanicalseed 
perplant 

Osorno. Chile 
Lima. Peru 
San Ramon. Peru 

40.40"S 
12.05"S 
11.68" 

69).3 
1.6 
0.2 

7.7 
0.8 

negligible 

an experiment in Peru (Table 2). Tsao & Chang (1982) found that only 47 out of900 tested 
accessions set fruit under a 12 h photoperiod. They also found that flowering could be 
induced in a!most all of these ifdaylength was extended artificially. Breeders know, how
ever. that many of the desirable progenitors refuse to prodace sufficient seed quantities 
even under continuous light. This is true particularly ofearly matuling cones. However, 
genetic variability in flowering and seed setting traits is considerable, and selection has 
been found to give rapid i.,provement. Especially clones selected as parents under high 
temperature conditions, may also produce berries under high temperature/short day con
ditions ,'Malagamba. 1987). 

Availability of sufficient amounts ofhigh quality pollen isnecessary, and storabilityand 
storage conditions for good pollen quality have been investigated. Environmental condi
tions influence both flowering and gamete fertility. Many pesticides have anegative effect 
on gamete fertility (Palais et al.. 1984), and application should be avoided. 

II -?..Seed qualitv 

A number of seed quality characters may be listed (Upadhya, 1983, 1986; Pallais, 1987),
which influence germination rate and early growth of seedlings. They may be influenced 
both by the genetic constitution of the maternal plant and of the pollen, and by environ
ment and agronomic practices. Soil nutrition, light conditions and temperature during
fruit and seed development, fruit maturation period, seed extraction methods, seed mois
ture content at harvest, and storage conditioas and duration, also influence the quality 
and performance of the seed (Sadik, 1983; Pallais, 1987).

Botanical potato seed is usually dormant for at least six months after .harvest (Sim
monds. 1963). On the other hand it retains germinability for very long periods, at least 
up to 25 ycars. Pallais et al. (1984) reported that fermentation in connection with seed 
extraction gave fasier and more uniform gerrmination. 

IF. 2. 1. Freedomfrom diseases andpests 

In this respect true seed has substantial advantages over seed tubers, since most virus di
seases and nematodes are not carried by botanical seed (Jones, 1982). The potato spindle
tuber viroid and the few virus types that can be transmitted can. be avoided by the use of 
care.'ully tested parents. A number of fungi have been found on the seed su:rface, but sur
face sterilization ispossible. 

If. 2. 2. Seed weight and seed size 

Seed size influences emergence and seedling weight and a positive correlation has been 
found between 100 - seed weight and tuber yield (Dayal et al., 1984). Seed sizes vary nor
mally between about 1.8 (large) and 1.3 (small) min. Seed size and seed weight are in
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fluenced by parent genotype/environment interaction as well as maturity at harvest. 
Large variations in 100-seed weight have been found, apd heritability was high in the 
material investigated (Upadhya, 1986). 

11. 2. 3. Management to improve production and quality ofbotanical seed 

Dosages of nitrogen and phosphorous applied to the mother plant have a considerable 
influence on flowering and berry set, and for optimal production and quality of botanical 
seed almost twice the nitrogen level from that considered optimal for tuber production 
seems to be needed (Pallais ei al., 1984, Upadhya, 1986).

Training of vines may facilitate field operations. This also improves berry setting and 
seed quality (Pallais et al., 1984). Upadhya (1986) found it possible, under Indian condi
tions. to reduce costs through the use of single eye seed pieces instead of whole tubers for 
maternal parents. This not only reduced the cost of planting material, but gave single
stemmed, sturdy plants, which did not require staking. Pruning of plants and decreasing
the number of flowers gave increases in berry size and 100-.zeed weight (Aimekinders & 
Wiersema. 1985). 

A balance has to be found between management practices tIhai influence the total num
ber of botanical seeds produced per hectare and the quality of that seed, since "nfluence 
of berry size. which in turn is influenced by berry number per plant, influences 100-seed 
wcight. which in turn is expected to influence rate and uniformity of germination and 
early growth (Upadhya et al.. 1984: Pallais et al., 1986). 

1F 2. 4. Production costs for botanical seed 

The yield and uniformity of open pollinated vs hybrid seed, and their possible future 
role, will be discussed later. 

Open pollinated seed of some genotypes may be produced in large amounts under field 
conditions without any special measures taken. Malagamba (1983 a) estimated seed 
yields at Huancayo. Peru (high altitude, cool conditions) to be about 28 kg, or 36,000,000
seeds, per hectare, enough for the seeding of 360 hectares. Open pollinated seed is ex
pected to result from self-pollination to varying degrees, from nearly 100% in genotypes
where the style is shorter than the anther cone to 50-60% in some genotypes when 
bumble-bees are present. 

Hand pollination is needed in order to produce hybrid seed of most of the parental 
material available at present. 

With hand pollination a production of 150 kg/hectare of hybrid seed was calculaLed to 
be possible in India (table 3, Upadhya, 1986). In Chile 200 kg/hectare have been produced 
(Malagamba, personal communication).

Costs vary very much between countries, and the comparison of hours of labour and 
relative cost of the different operations are more appropriate than the actual cost. Emas
culation has been found to be a very expensive part of seed production (table 4). 

Table 3. Amount of hybrid seed that can be produced on one hectar. Upadhya. 1986. 

Assumed production per berr- ............................................... 
 200 seedsAssumed! 0 seed weight..................................................100mg
 
Seed production per berr .................... .................................... 
 100 mg/bernSingle unch ste produces. herries... ............................................ 
 I g/sterStem ensii I in = I 0.000 stems a ............................................. 
 150kg/ha 
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128-188 

Table 4. Production cost of 1kg of hybrid botanical seed at INIA, Osorne, Chile, 1986. 

Source ofdata CIP Progress report 1986. Monares et al. 

Range (4crosses) 

Totalcost(in USS1....................... ................................... 

Per cent ofcost for different operations

Growth and management ofparental clones .... ..................................... 8-20
 
Floer and pollen collection .................................................. 
 . 8-9 
Em asculation ..... ..... ...................................................... 2 9-36Pollination .... ........................................................... 
 17-22 
Bert harvest ....................... .................................. 3-5
Seed extraction and processing .................................................... 
 15-22 

Many ways have been discussed to reduce the cost of producing hybrid seed or geneti
cally equivalent heterozygous seed through elimination or reduction of the cost of 
emasculation and/or pollination.

The most sophisticated and elegant, but time consuming, way is the creation of potato
cultivars with autonomous apomixis (Hermsen, 1980: Liorek, 1984).

Male sterility, preferably ofa type where the flowers were still attractive for bumblebees 
(Peloquin, 1983: Brown, 1984) is another alternative. Also with the necessity of hand pol
lination, male sterilitv would be favourable, since emasculation -ost is so large. Cybrids
have already been produced, with the nucleus ofa desirable maternal parent in the cyto
plasm with the male sterility inducing mitochondria of a clone with cytoplasmic male 
sterility. Gametocides have also been discussed (Pallais et al., 1984).

It may be. however. that emasculation can be omitted for hybrid production in most 
of the parental material already in use and under testing, if hand pollination is retained. 
Upadhya ct al.. (1984) lound no adver:- effects of non-emasculation on seeds/berry and 
TPS quality under Indian conditions. Similar experiences have been reported from Chile 
(Anon.. 1986). Emasculation. even when made by an experienced person, damages the 
gynoecium to sonic extent and styles may be broken. Seed production may benefit from 
the omission ofemasculation. A small amount of selfing would have litte effect on the 
\ielding capacity of the progeny. The prerequisite is. however, that attention should be 
paid to the morphology of the flower. The stigma must protrude and be longer than the 
anther cone. The protruding stigma is quite common in existing material. The stigma
of the female parent should also be receptive well before anther dehiscerce. This is also 
quite common. The breedirg effort in order to facilitate pollination of non-emasculated 
flowers would thus be minimal compared to the introduction of male steri!ity or apo
mixis.
 

The reason for continued major efforts to introduce apomixis or male sterility would 
then be demand for uniformity and indispensibility of heterozygosity to attain sufficient 
yielding ability. I will return to these questions later. 

V.Agronomy of TPS production 
Two main systems can be distinguished for the utilization of TPS: 
A) Ware potatoes may be produced directly from botanical seed 

or 
B) Tubers (seedling tubers) may be produced for use as seed for a second crop, or even 

repeated generations. 
For both purposes two different methods may be used 
a) direct field sowing of the botanical seed 
b) transplanting seedlings from an nursery to seed beds or to the field. 
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Most of the method development has been made using hand labour or very simple machi
nery, since the experimentation isintended mainly for developing countries. Ghate et al. 
(1986) discuss possible methods for mechanization. 

I: .1.Direct field sowing 

Experiments with direct sowing has given variable results. Emergence isoften slow (Bedi
& Smale, 1978, Martin, 1983) and establishment has often been poor. Few experiments
have led to yields that could be reported. Optimal conditions of soil structure, tempera
ture and absence of weeds are required. Although e.g. Sadik (1983) postulated that direct
sowing of potato seed would be unlikely to be more difficult than for othci small-seeded 
crops. which can be handled by vegetable growers, and e.g. seed pelleting and fluid drilling
to facilitate the handling have been discussed, direct sowing isnot recommended at pre
sent. 

1 2. Seedling managetnentfbr transplanting or production ofseedling tubers 

Seedlings can be successfully grown in small areas that can be managed intensively. In
seed beds it ispossible t3overcome the problems with low early vigourand lack ofunifor
mity in emergence.

Detailed investigations have been made on the management ofseedlings (Malagamba,
1983 a and b: Martin, 1983: Engels et al. 1984: Wierszma, 1984 a: 1986 b), in order to
make recommenations on choice ofseed bed substrate, sowing methods, spacing and spa
tial arrangement of seedlings. fertilization requirements, temperature requirements for
seed germination and establishment, shading, factors which induce tuberization (taberi
zation already in the seed bed has a negative influence on the continued development of
transplanted seedlings), herbicide treatment. use of fungicides and insecticides. etc. 

Damping off caused by Rhtzoctonia and other pathogens isoften encountered (Elango,
1983. 1986). and the delicate plants are attractive to insects, e.g. Diabrotica, in warm cli
mates. The costs of pesticide applications in this phase are considerable. 

1'3. Transplanting and seedling establishment 
For ware production seedlings should b( transplanted to the field approximately 35 days 
after sowing.

Transplanted seedlings are to be preferred in warm tropical areas because ofthe difficul
ty of storage of tubers and the rapid spread ofdiseases under those conditions. 

Good progenies may yield qui:e well when grown as transplanted seedlings. Examples 
may be found of bulking rates as high as those in crops grown from tuber seed of esta
blished cultivars (table 5). 

Table 5. Bulking studies. Bangladesh. Yield of tubers (t/ha) at consecutive harvests. 
Source of data CIP Progress report 1986. Sikka. 

Davtra~v~antater Ilih'lrilIIS Ilhrid Tt'S T'Sllithrid Local [ Iarn ! loa '
 tramp1't C I1 1 (.11,3 0OP mtub~er ther 

45 1.92 1.98 1.73 0,.09 1.26 0.43
60 5.43 3.72 3.87 0.47 3.53 i 0.26 
75 11.44 11.48 7.51 2.92 11.36 2.1990 18.00 15.18 I 1.88 6.36 14.84 4.57

135 24.95 16.37 15.38 11.63 19.77 4.96 
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Transplanting experiments have shown that seedlings need considerable time to reco
ver their original growth rate after transplanting (Malagamba, 1984). Management 
practices, e.g. the use of rooting blocks made ofcompost, may reduce transplanting shock. 
Differences between progenies were pronounced, and in general hybrids recovered faster 
than open pollinated progenies. 

The most impoitant fl.,rresponsible for recovery from transplanting shock was 
found to be the capacity of the seedlings to regenerate adventitious roots quickly. Selec
tion methods based on this have been worked out. In order to identify progenies with fast 
recovery after transplanting, seedlings are exposed to an induced shock by immersion of 
the roots in a PEG solution. The plants are inserted in a sponge support, and the root sy
stem is mist irrigated. A recovery index based on quantity of roots regenerated, and on 
wilting. isworked out (Malagamba. personal communication). 

1: 4. Seed tubers derived.lrom 77PS 

The production and utilization of seed tubers derived from true potato seed (Wiersema,
1984 a: 1986 a) is seen as a potential combination of the rapid plant development from 
seed tubers with the high health standards and low cost of TPS. Seedling tubers are pro
duced in densely planted beds, where suitable conditions can be created for direct sowing 
or seedling transplanting, and where weeds and diseases can be controlied. 

Yields and proportions of marketable tubers are considerably higher when the same 
progenies are grown from seedling tubers, than when transplanted seedlings are used 
(table 6). The use of seedling tubers has proved to be the most reliable method for TPS 
utilization according to almost all results of experimentation so far (e.g. Malagamba, 
1984, 1987: Wiersema. 1984 a: Tsao. 1983: Rowell et al., 1986 c). 

Table 6. Range of yield of 15 progenies at Huancayo, Peru. when grown as transplanted seedlings 
and as seedling tubers (tuber weight 5-10 g).
Source oi'data CIP Progress Report 1986. Malagamba et al. 

7bita/ried w,ark, taleh 
ha ,.>.3..5 ('11/ 

Transplanted seedlings 14.6-45.8 58-81

Seedling iuber,, 30.3-68.6 71-93
 

For the production of seedling tubers, direct sowing in seed beds, followed by thinning
and hilling by the add*tion of at least 2-3 cm of substrate to increase number of stolons 
and tubers, was regarded as the most labour saving method (Wiersema, 1984 b). In com
parison with transplar:ting this also reduced the total growing period from sowing to 
maturity by about !5days. the time taken for the seedlings to recover from transplanting 
shock. The length of the growing period under conditions in Lima varied from 110 to 150 
days depending on TPS line and season. 

For seed bed production Wiersema (1986 b)found the optimum density to be about 100 
seedlings/m: in asquare pattern. Total tuber number and tuber weight increased with in
creasing density due to faster canopy cover and increased selection pressure, weak plants
being eliminated. Densities higher than 100 seedlings were found impractical for manage
ment of the beds. 

With good management very high yields ofseedling tuhers can be achieved in small are
as. Wiersema 0 984 al reported yields up to I "kg/m bed. Many small tubers are produced 
by the seedlings. Maximu-m numbers larger than I g - the size found usable for multiplica
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Table *. 	 Ealuation of 1 [IPS progenies directIN sown in nuserv beds at L.ima.
 
Source ot data ( 1PProgress report 1986. Wierserna et al.
 

*r ' ,u'I 	 I !l''h/ lh'an lu/erA,L' Of 	 "fIChI O , 

Range 	 224- 8 1 0. 7-20.3 

tion - harvested by Wiersema were 1200 tubers, m bed. Table 7gives results from another 
experiment, which also indicates the genetic variation that exists. 

Storability of small tubers isan important issue. Only fiew reports have been published 
up to now, but results by Wiersema & Cabello (1987) indicate that although weight loss 
during storage was higher in small tubers, yields were not adversely affected. The reaction 
to temperature during storage of small tubers appears to diftfr from that of large ones. 
Practical experience (e.g. Vu et al., 1987) has not indicated small tuber size to be a 
problem. 

VI. Uniformity and yield
The traits needed for TPS production are in many respects different from those which 
have been important for production of vegetatively propagated cultivars. 

A key question affecting both decisions on breeding objectives and TPS-breeding me
thodology, is what level of uniformity is necessary. It has been argued that at least for 
developing countries uniformity isof little importance, and an acceptable level is easily
achieved in existing material. 

Kidane-Mariam et al. (1985 b)state >(tuber) uniformity may not be as c-itical a factor 
as once believed,,and alsc cite anumber ofother stddies in support of the statement, e.g.
Accatino & Malagamba. (1982): Macaso-Khwaja & Peloquin (1983); Rowell & Ewing
,1984). The statement is based on ratings of tuber uniformity as ascore which combines 
visual impression ofskin colour, :uber shape and tuber size. In many cases this score com
pares very well with the uniformity score for cultivars. Similar high levels of uniformity
have been noted in progenies of different origins: 4x x 4x crosses within Tuberosum, and 
between Tuberosum and Neo-Tuberosum, as well as 4x x 2x crosses. 

Table 8. Specific gravity and mean scores Ibr quality characters after steam cooking.

fPS transplant trial at Lincoln. New Zealand. Bedi c al.. 1979.
 

II'VCH 	 V,'S1'ti, I/htI/alt 


S4\ )22 	 I () 21 3 2.12S.1)8 I8,47 2.42
 
S ;,24(4 I .08t) 18.31 2.25
SI,I I1 I.081 20.01 2.42
 
S')J"( ! 1.092 1 .33 
 2.21 
S I('510 15 	 1.1183 17.45 	 2.56 
( I0I55 	 1.1176 18.45 2.5( 1415 	 t.ss 19.00 2.42 

132' 	 1.080 18.35 2.46
 
C 145s 1.184 18.21 
 3.41 

1245 1.1i87 18.85 2.80
 
14's2 I.0('6 16.51 2.77
 

ct'RIa. conirfl 	 I W) 21 .1 7 1.85 

S sU = seed from self-pollinated berries.seed from cross-pollinated berries. 

.-la\inmun attainable score lbr palhilit = 30. 
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Table Q. Specific gravity and mean scores flor quality characters after steam cooking.

TPS trial et Riwaka. New Zealand. Bedi etai.. 1979.
 

Spe'tic .d.Pala-

S%I-()()1 ).076 8.94 18.8 1.2(0 
: 5 5( )2" 5 1.053 7.68 16.2 2.84
 
S 24ui4 23 1.059 Q.63 17.9 1.32 
SV I-1 11).4 L) 1.073 9.32 19.7 1.29 
S2 f4 1i 1.062 12.83 17.,) 1.17 
S440022 I10 1(63 1.337.54 18.6 
S I.062 16.2 15.4 1.58 

1.065 9.83 18.5 1.58 
9 1.093 14.t2 18.9 1.71 

155 1.058 7.0 20.3 2.07 
132' 9 1.068 9.) 18.4 1.95( 5h(4 9 1.062 8.96 20.2 1.95 
145 .080 17.79 18.) 0.77 

(1455 10 1.067 18.14 18.7 1.68 
114i1s 1( 1.067 10.2 19.4 1.84


C I405 I1 1.072 17.65 19.8 
 1.43 
C"14(,- 0 1.1)73 22.75 17.6 1.03 

Ralrgt In standard di ai on 

S-prno''niL, 7.54-16.2 
 1.17-1.86
 
7.0 -22.75 1.03-2.()7 

S = seed from self-pollinated berries. 
S= sced from cross-pollinated berries.
 

Ma\irnum attainable score for palatability = 30.
 

For characters which influence cooking quality, very few results have been published
from analyses of progenies tested for use as TPS. Bedi et al. (1979) give data on specific
gravity and palatability tests of a number of TPS lines grown in New Zealand. Table 8 is 
an example of such results, where a number ofTPS lines were compared with a tuber seed 
propagated control. 

As expected. vari::bility in palatability was larger in the TPS progenies than in the culti
var. Standard deviations for specific gravity were not given for this experiment. However,
in another experiment (table 9), where no comparison with tuber propagation was in
cluded, within-line variation in specific gravity was very high. Dry matter content was 
generally low. This was ascribed to immaturity at harvest. Note also that ranges in speci
fic gravity and palatability were not as wide in selfed progenies as in crosses. 

Published investigations where quality data on individual clones are gi ,en, which de
monstrate the variation in unselected progenies used in the breeding of vegetatively
propagated culti vars are also rather scarce. Suci data often stay in the breeder's files, and 
I will use sme data froin the Svaldf breeding work. 
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Appearance Flavour Texture 
10 20 30 40 50 10 20 30 40 5.0 10 20 30 4.0 50

64053.. Lm. . - L. 

64049 dULEULuEJ..i 

640107 LJIIIIL EL J0 

63071_ 
1-5 (best) 

Fig. I. Distribution of cooking quality in unselected hybrid populations. Analyses of individual 
clones grown in the field in South Sweden. sensory evaluation by a test panel of 5 persons. 

17. 1.Sensory evaluation 

Sensory evaluation of a number of unselected hybrid progenies was made ;- material 
grown in South Sweden. Fig. I demonstrates both the variability within progenies and the 
appreciable difference that may be found between different progenies. A point to note is 
that an extremely low frequency ofthe clones in the progenies are comparable to the stan
dard. in this cas: cv Bintje, which also was one of the parents in one of the crosses. 

Discoloration after cooking, one of the factors influencing rating for appearance, was
 
also quite variable (fig. 2)
 

For colour rating of chips (crisps) (fig. 3) similar great variation exists, which under
 
Swedish conditions can be ascribed also to th genetic differences in earliness.
 

117. 2. Starch 

Percentage ofstarch is very important for culinary quality and processing, and uniformity 
particularly important for processing. Fig. 4 gives the distribution in three populations
produced in controlled crosses between parent clones medium to high (16-21%) in starch 
(Umaerus. 1969). One hundred clones per progeny were field grown in South Sweden 
from 20-30 mm seed tubers, and 45-55 mm tubers were analysed after harvest approxi
mately 3 months after planting. The range is about 10 per cent units between the highest 
and the lowest clone. 
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Fig. 2. 	Distribution of discoloration 
after cooking in unselected hy-
brid populations. Ailalvses o" 
individual clones grown in the 
field in Sooth S\weden. Discolo-
ration estimated in the scale 
1-10 (darkest) one hour after 
boiling of peeled tubers. 

Fig. 4. 	Distribution of percentage of starch 
in unselected hybrid populations. 
Analyses ol'tuber har\ests from indi
%idual plants grown in the field in 
South Sweden. 
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Fig. 3. 	 Distribution of colour of crisps 
(chips) in unselected hybrid popula
tions. Analyses of individual clones 
grown in the field in South Sweden. 
tubers stored threeIbr months at 
+4 C. Scale 9-1 (darkest). 
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popC 

10 11 1213 1415 16 17 1819 20 2122 23 
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17.3. 	Chlorogenic acid 

In this experiment 20 clones per progeny of a number of crosses were grown together with
their parents from 20-30 mm tubers at several locations in Sweden, harvested after 90 
(North Sweden) to 120 days (South Sweden), and stored until January. Two populations
will be used as examples (fig. 5). The variation is large, larger in some progenies than in 
others, and larger in North Sweden than in South. 

SVALOV 	 (560 N) LULEA (66°N) 
25 50 75 100 25 50 75 100CGA,pmoI/lOOgfr w. 111 1 llI 11li1 l 1 1 l j li l ll 

P237 -P19r LU ME U *I JW 0 

P159 xP161 ii 	 1 * mR uviimIn 	 9hh 

Fig. 5. 	Dlistribulion 4f chlorogenic acid in unselected populations (20 plants per population) and
parental clones grown in South and North Sweden. Samples of cortex from the crown end of 
the tuher. peel removed. 

17. 4. 	 T'rosine 

The same experiment with 20 clones per progeny was used for analysis oftyrosine lvels. 
The variation was appreciable, and ofdifferent magnitude in different progenies, bul with 
an opposite trend to chlorogenic acid between the two localities. 

17.5. 	Total glycoalkaloids 

Data from Sanford & Sinden (1972) illustrate the variation in content of total glycoalka-
Ioids found within a number of progenies grown in Maine (fig. 6). Clones within a progeny
often exceed the higher of the parents. 
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Fig. . Distribution ol total glvcoalkaloids in 
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I . 6. Need ofunibrmit 
The examples given above indicate that appreciable variability in quality traits must be 
expected. 

Earliness variation and variations in dormant period will also exist in the progenies andinfluence quality factors as well as being important themselves.
There seems to be little doubt that some improvement is needed in comparison with the

majority of progenies that can be produced through crossing or selfing of existing cultivars and progenitors. Uniformity may become more important for developing countriesin the future, if more abundant food becomes available. In western countries the quality
concept includes uniformity, and the processing industry demands uniformity. The esta
blished cultivar concept also strongly emphasizes uniformity. 

17. 7. LUnilbrmity vs yield 

Several breeding approaches, leading to different levels of uniformity, have been pro
posed (Hermsen. 1977. 1983; Plaisted. 1977: Peloquin. 1979: Peloquin et al., 1984). Since 
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yield is another key question, the choice between different possible approaches depends 
on whether heterozygosity is a prerequisite of sufficient yielding ability. 
The most elegant, but also probably the most time consuming way, which can utilize 

all positive gene interactions in a heterozygous, genetically uniform material would be the 
production of potatoes with autonomous apomixis (Hermsen, 1980).

Inbreeding, and if heterozygosity is necessary hybids between inbreds, are other ap
proaches for high levels of uniformity (Hermsen, 1977; Yasrina & Pershutina, 1971). 

For the long term solution of how breeding should be performed, the TPS advance has 
thus promoted the dcsirabilit, of understanding the causes for inbreeding depression and 
its converse: heterosis. Heterosis breeding has led to very spectacular results in breeding 
of allogamous crops, although the theoretical background is still debated, and has been 
seen at times as a somewhat academic question. 

There are numerous investigations which have shown that inbreeding depression is 
often pronounced in potatoes with regard to vigour, yield and fertility. Heterosis has been 
demonsirated in species crosses, the advantages of heterozygosity have been demonstrat
ed many times. and the advantage ofmultiallelism demonstrated in potatoes by Mendoza 
& Haynes (1974) supported the theory of overdominance as a cause of heterosis. 

Jackson et al. (1984) and Jackson (1987) on the basis of theoretical work by Jinks (1981,
1983) arguing that the genic content of the individual rather than heterozygosity per se is 
the background of heterosis, and heterosis thus could be fixed in a homozygous condi
tion, proposed inbreeding for the production of TPS lines. Results fiom USSR (Trinkler 
et al.. 1980. 1984: Budin & Soboleva, 1978) as well as recent experiences at CIP indicate 
that inbreeding depression is not always present. 

VII. Implications for future utilization of TPS 
We have seen that at present the emerging most widespread utilization of TPS appears to 
be in developing countries as seedling tubers or in some areas as transplanted seedlings. 

Climatic conditions, food habits, labour costs in different areas, as well as the suitability
of available genetic material, will influence the extent and localization of future utiliza
tion. 

I will try to survey the different options for TPS use, and also the advantages and con
straints for the different ways. I will do it in the approximate order of present adoption. 
The patterns which are now emerging may not be lasting, however, depending on the ratc 
ofadoption of competing technologies. 

171. 1. Botanical ed used/or productionof tutersfor further nu/tiplication. 

Higher and more reliable yields oftubers can be produced from seedling tubers than from 
transplanted seedlings, as examplified in table 6. The largest acreages in the world from 
true seed have been grown in this way in the People's Republic of China. 

171. 1. 1. Repeated tuberproduction from open .ollinated seed. 

Open pollinated botanical seed is collected from selected parents. After production of a 
first generation of seedling tubers in greenhouses, beds or the field, repeated generations 
oftubers may be produced for use as seed tubers, and in part for consumption. 
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Advantages 
Flexibility. Production of the botanical seed can take place centraly or be made by the
farmer, depending on parent genotype and suitability ofenvironment. Seedling tuber pro
duction may be centralised or be made by the farmer. Easily adaptable to different areas.The same seed source may be used for different areas, and propagated for different num
bers of generations depending on e.g. virus spread in different areas or different seasons.

Low cost of both breeding in the initial phases, production ofbotanical seed, and distri
bution of initial planting material. 

No change of production technology in ware production needed compared to vegeta
tively grown conventional cultivars. 

Disadvantages
 

Lack of uniformity.
 
Yield depression because of inbreeding.

As discussed earlier these constraints may not be at all as serious as anticipated in the ini
tial phases of TPS experimentation.


In present material, selection takes place in the seedling generation through competition
between seedlings (table 10, Wiersema. 1986 b). The weakest seedlings resulting from in
breeding in open pollinated progenies are automatically selected out. This might allow 
open pollination to be used even if inbreeding reduces yield. Further selection may beapplied for yield and/or unifbrmity (Rowell et al., 1986 b). Also, the economic returns
rather than yield per se should be considered - even a somewhat reduced yield compared
to hybrid seed might be preferred because of the low cost of planting material. 

P~otential areas ofadoption 

a) ( ountries where fiood habits with regard to potato quality are not fixed.

1) Production folr
uses 01 potatoes where uniformity demands are limited to few traits. 
e.g. starch production. It might be possible to select parental material which produces
progenies with an acceptably high average starch percentage in the tubers in combination 
with acceptable tuber .ields. The economIc returns would depend on the cost ofproduc
lion of seedling tuhers compared to the cost of presently used systems. i.e. in most cases 
a seed production and certification system based on meristem derived tuber seed. In both 
cases the health standard of the seed used lor ware production depends on the number

of generations. the rate of lush out through the system. Calculanions would have to be
 
made tbr individuiial countries.
 

Implications for breeding 
The first objective !s the identification of progenitors which flower and produce reason
able amounts of good quality botanical seed. 
 and produce progeny with an average
maturitN suitable tinder the growing conditions in the area for which it is intended. This 
has already been achieved for some areas. 

Short term introduction does not have to rely on a long period of breeding. since most
traits are similar to vegetatively propagated .ultivars. Breeding for changes in seedling
traits may riot have to be made. or be limited to some improvement ofe.g. germinabilitv
and earlv seedling vigour. The seedlings can be given intensive care forthe first tuber pro
duction, since onl\ small acreages are needed. 

Demands on virus resistance do not have to be very high. since a stock of seed to replace diseased material can be kept available. For diseases not disseminated through the 
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tuber, resistance of similar levels as in vegetatatively propagated material would be 
needed. with different emphasis in different areas. The heterogeneity of seedlings in di
sease resistance. especially of the race specific type. might be an advantage, similar to a 
multiline effect. 

The crucial qucstion lor how much breeding effort will have to be put in. iswhat level 
ofunilbrmity isneeded. Plaisted (1977) advocated population breeding, the conventional 
approach in low-cost breeding of allogamous crops, and listed as one of the objectives of 
this approach selection flor uniformity in market attributes. Thompson & Mendoza 
(1984) determined genetic parameters for a number of TPS traits including uniformity
of tubercolourand shape. and concluded that selection could lead to rapid improvement.

Uniformity in currently available populations isregarded as acceptable in some areas 
already, but not everywhere and not for all purposes. Rapid improvement has been 
achieved through very simple breeding techniques - the identification of parental mate
rial which produces more niflorm progenies - for the traits where uniformity has been 
looked for: tuber uniformity in colour, shape, eve depth and size. It isnot possible to pre
dict at present if similar rapid progress is possible flor the many traits necessary for 
cooking and processing quality, although available data indicate that variation isavail
able. It is also not possible to predict what levels of uniformity are indispensible. The 
closer to the marginal areas for potato production we go. the larger becomes the environ
mentally induced variation, and thus it will be more difficult to accept an increase in 
genetic variability. 

In a longer term uniformity would be expected to become more important . Genetic 
unilormity, guaranteeing the least possible phenotypic heterogeneity, could be achieved 
in two ways: through inbreeding, which isused in breeding programmes in the USSR and 
the People's Republic of'China. or through the creation of potato cultivars with attono
mous apomixis (Hermsen. 1980). Both ways would make it possible to use only one clone 
flor production of botanical seed. and the production of botanical seed would thus be 
cheap compared to hybrid seed production, provided clones with acceptable berry pro
duction can be produced. Both are long term breeding approaches for complete or high
level uniformity to be achieved. 

There appears :o be considerable hope that tetraploid progenies with no or minor ef
fects of inbreeding on yield can be identified (Trinkler et al.. 1984. Mendoza, personal

communication). Faster progress ispossible (Jackson et al.. 1984) by using anther culture
 
or single seed descent on the diploid level: 

171. 1.2. 1/thrid wed lotr rcpeatedtuherpt gduction. 

Hybrid populations after controlled crosses on the tetraploid level may be used for seed 
tuber production a number of generations in the same way as described for open polli
nated seed. 

Advantages 

The same as for open pollinated seed as concerns low cost of breeding and distribution 
of initial planting material, and similarity in production technology in ware production 
compared to vegetatively grown cultivars. 

Most of the flexibility seen as an advantage under VII. 1.1. is retained, plus possibly a 
higher potential yield. Mendoza (1984) reports on acomparison where alarge number of
single crosses as well as bulk crosses and multilines where compared with selfed and open
pollinated material. Significant differences were found in favour of hybrid material in 
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germination, transplant survival and tuber yield. Because of the higher potential viehKidane - Mariam et al. (1984) stated that the use of OP seeds for commercial productiolshould be viewed as a stop-gap until a method is developed to produce inexpensive hybrid seed. It is. however, doubtful if these advantages are important when seedling tuber 
are used (table 10). 

Table 1I. Mean yield of tubers (t ha .28 aini) from 5 hybrid and 6open pollinated progenies.Source ol'data (IIP Progress Report 1986. Wiersema et al. 

... w e l w k ,. I o thers 

" pr'g n i,,' "')1._4 i 5'1.4
OP~Progenies 51.424.3 51.4 

F- test* 
NS 

Disadvantages 

The considerably greater difficulty and higher cost of production ofbotanical seed, com
pared to open pollination.

A slight disadvantage in uniflormity in present material: According to Mendoza (1984)tetraploid hybrids were equal or inferior to open pollinated progenies in uniformity andeye depth. Variabi!lit in cooking quality appeared to be laiger in hybrids than in openpollinated progenies in one of the few reports on cooking quality of TPS (Bedi. 1979). 

Potential areas of adoption 

The same as for VII. I. I. Both hybrid and open pollinated botanical seed would be expected to be cheaper alternatives than conventional tuber seed. Incentive for adoptionwill depend on availability of hybrid seed. which is more difficult to produce for the farmer himsell . and the relation between cost ofhybrid seed vs open pollinated. 

Implications for breeding 
While combinations ofdesirable traits in the progenies are similar to those mentioned for open pollination, more emphasis would have to be put or, flower characteristics, to facilitate insect pollination or make hand pollination cheaper by avoiding emasculation.

Different types of hybrid families have been suggested, crosses within group Tuberosum: crosses with Neo-Tuberosum: use of dihaploids and diploids in 4x x 2x crosses(Hermsen. 1977: Plaisted. 1977: Peloquin. 1979: Peloquin et al. 1984.) These types of progenies have been evaluated in later investigations, in most cases as transplanted seedlingsand not grown from seedling tubers, however. They have all been found to give accept
able yields and uniformity.

Kidane-Mariam et al. (1985 b)evaluated 262 hybrid progenies after conventional intermating oftetraploid parental lines. Several families gave yields similar to standard cultivars. estimated to be equivalent to 34 - 36 tonnes per hectare. It was concluded that theuse of crosses at the tetraploid level allows for more flexibility than other approaches, e.g.in using locally adapted cultivars in crossing programmes.
Neo-Tuberosum crosses (Rowell et al.. 1986 a) also yielded similar to standard cultivars. 30 - 34 tonnes per hectare. and uniformity in tuber appearance was comparable to 
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standard cultivars in several progenies. The authors stated that the high yields are con
sistent with the well documented heterosis exhibited by hybrids of Neo-Tuberosum and 
Tuberosum. and that in addition to the yield advantages resistances to many important 
potato diseases are found within the Neo-Tuberosum populations. 

The 4x x 2x breeding scheme intended to maximize heterozvgositv and give better than 
average uniformity has been shown in many investigations by Peloquin & co-workers to 
generate high-yielding progeny with good uniformity (Macaso-Khwaja & Peloquin, 1983, 
Kidane-Miriam et al.. 1985 a: Concilio & Peloquin. 1987). and has been extended theore
tically with a number of schemes to allow e.g production of hybrid seed without hand 
pollination (Peloquin, 1983). 

Selection for general combining ability for tuber uniformity appears to have given good
results both within Tuberosum and utilizing combinations with Neo-Tuberosum 
(Thompson & Mendoza. 1984: Rowell et al.. 1986 b). 

If. in the long run. heterozygosity is found to be a prerequisite for high yield, and apo
mixis has not been achieved, hybrid progenies could be produced through crosses 
between inbred lines. Since the tetraploid level, with possibilities ofmultiallelism, would 
then be expected to be superior (Mendoza & Haynes. 1974), double crosses would be ex
pected to b? superior to single crosses with respect to yield. 

I 1. 3. ,,Fartner var'ieieso. 

As an extension of the system describcd under VII. 1.1.and VII. I. 2., a production of 
larmer's varietieso may take place. A continued selection over a number of years in far

mers" fields of the clones or groups of clones with attributes seen as desirable under the 
local conditions is not only possible, but probable. This appears to be taking place in e.g.
Rwanda in TPS material distributed by CIP. and has happened in India. 

Advantages 

This would be a parallell to what took place when potatoes were introduced in northern 
Europe, and lead to a situation with a multitude of local cultivars. Seed certification spe
cialists have fought battles against the remains of these up to this century in many
countries. In retrospect it was an efficient way of adapting the potato to long day. It may
be a much more efficient way ofadapting the potato to warm climates, since the variabili
ty of the material that can be made available for selection to work on is much wider. 

Disadvantages 

Identical to the use of seed tubers. 

Potential areas of adoption 

Countries where seed tubers of established cultivars are not easily available, and seed cer
tification is not enforced. Areas with moderate spread of viruses and climatic conditions 
which allow storage of tubers. 

VII. 1. 4. W"are production fron seedling tubers. 

Seedling tubers of open pollinated or hybrid progenies may be used for ware production
without further multiplication. 
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Advantages 

In addition to most ofthose mentioned under VII. 1. 1.and VII. 1. 2. less danger of virus 
infection because of rapid replacement of seed. 

Disadvantages 

Compared to VII. I. I. and VII. 1. 2. more labou."intensive because of the iieed for conti
nuous production of seedling tubers in larger quantitites, and a continuous supply of 
botanical seed. 

Potential areas of adoption 

The areas for adoption would be those where the danger of disease spread is too large to 
allow further tuber multiplication. 

Implications for breeding 

Flowering and seed production traits that influence the cost of production of botanical 
seed need more emphasis, since larger quantities are needed. 

Since larger areas of seedlings would be needed for the production of seedling tubers,
than with repeated tuber multiplication, and consequently cost would be more influenced 
by labour and chemical input in this phase, more emphasis would be needed to improve
seedling traits, uniformity of germination, early seedling vigour, seedling resistance to 
damping off. 

The considerations regarding open pollination or hybrid seed are the same as above. 

171. 2. Hiareproduction fiomn hotanicalseed. 

The expected advantages of TPS - cheap, lightweight, disease free, non- perishable plan
ting material - are more fully realised when botanical seed is used for direct ware produc
tion. 

Open pollinated or hybrid botanical seed may be used. The same considerations apply
 
as under VII. I., but inferiority of open pollinated populations has been 
more clearly
documented when used for ware production than when seedling tubers are produced
 
(table 10).
 

1,71. 2. 1. Transplanted seedlings. 

Advantages 

In comparison with production from seedling tubers: Storage of tubers will not be neces
sary. Apparent uniformity of tubers better than when ware is produced from tubers. 

In comparison with direct sowing: Better survival and establishment of the stand. Some 
selection can be made at the time of transplanting, to improve progenies. 

Disadvantages 

Longer growing period because of delay in plant growth caused by transplanting shock. 
Labour intensive. Seedlings delicate and difficult to produce and handle. Damping off 
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Table 1I. 	 Yield of tubers >28 mm from I I TPS progenies.

Source ol data CII1 Progress report 1986, Wiersema et al.
 

Transplanted Seedling
.q'edlnk,. tubtrs 

Mean ield. i ha 26. 	 51.3
Range. i ha 15.0-44.6 40.6-64.2
 
Ranking ol'progenes 
 3-4 

2 	 8 
3 1 
4 7 

5 6 
6 3-4 

8 2 
9 5 

10 9 
11 10 

caused by Rhizoctonia is often a problem, as well as weeds. Considerable cost for pestici
des and herbicides. 

The tubers produced are small compared to those produced from tuber seed. 

Possible areas of adoption 

Warm tropical areas, where tuber sterage and transport oftubers are difficult. 

Implications for breeding 

Several imprcvements in seedling traits would be needed, some of which have been 
shown to be feasible, genetic variation exists. Survival after transplanting and reaction to 
transplanting shock varies between progenies, and improved recovery is already selected 
for. Seedling vigour, which is related to quality of the botanical seed, can be improved. 

Hybrid seed has shown more superiority over open pollinated seed when TPS is used 
for transplanting than when seedling tubers are utilized (Atlin & Wiersema, 1988), which 
is ascribed to the selection taking place in a dense stand. It seems then to be desirable that 
weak seedlings are automatically eliminated, and it is somewhat doubtful if major 
changes in seedling structure and sturdiness should be the objective. 

Evaluation of progenies has to take place both as transplanted seedlings and seedling
tubers, since ranking of progenies has been formed to be diffe-ent (table 11). 

VIl. 2. 2. Direct sowing for ware production 

Advantages 

The same as for transplanted seedlings plus the possibility of reduced labour. 

Disadvantages 

Difficult to establish a good stand of plants, delicate seedlings, damping off, weeds, in
sects, low utilization of light in early phases of development, poor yield, small tubers. 
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Areas of adoption 
Field cultivation is not regarded to be feasibl- with present material. Production in beds may give high production per unit area, and home garden production under climatic conditions where repeated sowing is possible has been estimated to be able to satisfy a
family's need the year round.

If major improvements through breeding can be made. and mechanization developed,a potential might exist in all parts of the world which do not have too short growing pe
riod. 

Implications for breeding 
In order to make this ultimate goal of TPS utilization possible a major reconstruction ofthe potato seedling is probably necessary. Analogies may be seen with other cultivatedplants, which have been very drastically changed through breeding. Many of those
changes occurred very long ago - the development of the corn plant with large seeds unable to be distributed except with the aid of man, or the loss of the brittle rachis in thecereals. Other changes. which have taken place during recent times, include the creation
ofcereal cultivars with short, stiff straw. and minimum development of tillers in order toproduce a uniform stand of large spikes ofthe same age, leafless peas, topless broad beans 
and so on. 

The potato seedling is still a wild plant in its characteristics. Its strategy is to produce
many small seeds, most of which do not survive in nature.

Seeing the availability of genetic variability in all traits where it has been looked for, itseems worthwile to make an effort to try to define the combination of traits that wouldmake it possible to grow potatoes with direct sowing of true seed. Very drastic changeswould be needed in my opinion, but I do not expect it to he impossible to create them.Attempts to define the ideal plant type for TPS production have been made earlier, e.g.
by Jackson et al. (1984).

I will list some of the traits I believe are desirable;
A large botanical seed - variation exists, but genotypes which produce sufficient size 

may not yet have been identified.
A larger seed iseasier to iiandle, and produces a more vigorous seedling, but probablythis is not enough. A much sturdier and thicker, but not very tall, stem would be desirable. Care must be taken not to make the plant too short in stature, however, at least for
areas wher there is a danger of lack ofwater, because this might give a correlated response


i:n root development.

Seedlings are single stemmed, but produce 
a number of above ground branches. It
would be desirable to identify genotypes which produce a single, unbranched stem. This
would allow fairly dense stands, in order to produce an early canopy large enough for sa

tisfactory utilization of the light.
The plant should produce few tubers. This would make it possible to produce large

enough tubers also in a dense stand. 
The plant should flower and produce sufficient, but not overmuch, seed to be self reproducing. Independence of daylength would be desirable, but different genotypes for different areas may be possible, and are of course desirable from other aspects.
Self fertility and no negative response to inbreeding are desirable for low cost production ofbotanical seed. This eliminates the need ofhand pollination or pollinating insects. 
Is the production of such cultivars possible?
I think so. but with considerable breeding efforts. 
Will the production of such cultivars be worth the effort, time and money? 

96 



This is more difficult to answer. 
If the use of TPS isseen as atemporary solution in order to supply seed for remote areas

while a tuber seed programme isbeing built up,and if in this case the creation of such a 
tuber seed programme isseen asa realistic possibility forall 'he areas ofthe world, where
it would be an advantage for human nutrition or economy to produce potatoes, then it is 
doubtful. 

If on the other hand it seems realistic to breed not only fir plant type, but also for the 
many quality traits that Ibelieve would be needed "orTPS to compete where high culina
ry quality clonal varieties are available, the answer may be yes. However, the breeding
inputs for creating material which combines quality traits, resistance traits, and uniformi
ty with a restructunng of the plants need to be very large, and would be acceptable from 
an economic point of view only if the material produced could be expected to be utilized 
over very large acreages.

For the adoption ofTPS in temperate developed countries with ashort growing season,
I doubt if even such a drastic change would be enough. The reserve of the tuber which 
allows the quick start in spring becomes more important for yield and maturity the short
er the available growing season is. 

VIII. Conclusions 

The work on TPS is quickly making anumber ofthe established truths of potato produc
tion obsolete. Many of the unsurmountable difficulties that were envisaged when the use 
of botanical seed was first discussed, can be overcome or circumvented in more or less 
ingenious ways. However, other difficulties remain, and some of the advantages have not 
been realised, at least not yet.

It was believed that open pollination was almost equivalent to selfing. There is con
siderable variation, and the realised level of inbreeding may be only 40-60% (Atlin, 1984).

It was believed that inbreeding depression was invariably too serious in potatoes to al
low selfing. This is undoubtedly so in many genotypes, but selfing or open pollination
without detrimental effects on yield has been found much more frequently than expected.

It was believed that open pollination repeated generation after generation would lead 
to contiuned yield decrease. This has not been found to be so. 
Itwas believed that emasculation, which is labour intensive and therefore expensive, 

or male sterility, would be necessary in order to produce hybrid botanical seed using hand 
pollination. Experiences at CIP indicate that for practical purposes effects ofa small fre
quency of inbred plants on yield of the progeny isprobably negligible, and emasculation 
can be omitted. 

It was seen as one of the most important possible advantages of using botanical seed 
instead of tuber seed, that viruses could be excluded from the list of harmful parasites.
Expensive tuber seed production, virus testing and seed certification would be less neces
sary. Breeding for virus resistance would not have to be considered for material for TPS 
production. The agronomic difficulties with direct sowing or transplanting for ware pro
duction from TPS have made this advantage difficult to realise immediately. In the 
breeding program for TPS at CIP it isnow seen as important to include resistance to the 
most important viruses 

For the same reason it will take time before the slogan )>A handful of seed replaces two 
tons of tubers(( becomes more than in part reality. The use of TPS is taking anumber of 
different routes. It isdifficult to predict at present if this conglomerate of ways to utilise 
TPS will remain - perhaps TPS will turn out to be just arepetition, applied in the deve
loping world, of the introduction of the potato to North Europe. i.e. a farmer's breeding 
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ofnew cultivars, a multitude oi ,.-notypes to be tried out, of which a few will remain as
vegetatively propagated a hundred years from now? 

This adaptation breeding on a gigantic scale would be an important enough result. The 
introduction of cell- and tissue culture in seed programmes in developing countries is
adN ancing very fast. With this method as a basis for a national supply of healthy seed, 
tuber prooagation may be preicrred.

On the other hand potatoes miy be transformed to an autogamous crop. If inbreeding
continues to show promise, and high yielding cultivars can be produced, which also set 
sufficient seed after open pollm.tion, it might be possible to replace meristem based seed 
programmes with a cheaper system for production of healthy seed all over the world. In 
a long time perspective breeding might even lead to direct ware production from botani
cal seed for countries with favourable climates.

TPS has quickened the pace in potato research, widened our knowledge and imagina
tion. Whether the work will lead to a large scale worldwide use of TPS is still uncertain,
and will depend on available funding and economic considerations. Even ifTPS turns out 
to be only a passing phase for the promotion of potato cultivation in developing countries 
- and I believe it will be more than that - TPS will have served a good purpose. 
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