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Studies on the Production of Seed Tubers

from True Potato Seed’

Shing-jy Tsao?

Abstract : The health standard and yielding ability of first generation TPS
tubers were tested. Comparing to commercial cultivars, TPS families had same
disease level of 13%. TPS tubers of AtzimbaxDTO-28 and PAS 3064 (Hybrids)
gave comparable yield (400 g/pl) to cv. Cardinal (380 g/pl). Open pollinated
families yielded lower (240 g/pl) and tended to have more haulm growth than
tuber bulking. This indicated that selected TPS family could be used to produce
seed tubers with good quality which in turn could produce ware potatoes for

fresh consumption.

To determin the proper season to produce seed tubers, four plantings representing
early and late half of both October and November were compared in terms of total
yields, effective tuber (tuber>8g) percentage and number. For direct seeding in field,
late half of October was better because of cooler temperature. The October 29 planting
yields the best of 2.6 kg/m? of which 92% would be good for seed use in number of
90 per square meter. Again hybrid families yielded higher than the OPs.

Under protection in screenhouse, higher TPS tuber yields were generally obtained.
The early October sowing resulted in good seedling emergence and growth when shade
was provided. The November 11 planting yielded the best, 3.2kg/m? of total tubers and
130 effective tubers/m? Evenly distributed transplants (in density of ca. 13x13cm) in
screenhouse tended to produce effective seed tubers smaller in size and more in number
than directly field sown seedlings.

The first generation TPS tubers whether produced in open field or in screenhouse
had disease rate of no significant difference, being 13.3% vs. 20.8% respectively which
again was comparable to that of commercial tuber variety. The screenhouse did not
guarantee better protection to TPS seedlings from virus infection by contact or insects.
The 2 hybrid TPS progenies gave similar yield to Cardinal tuber (34 t/ha) and most
tubers were marketable, being of 150g in size in average.

The use of potato true seed(TPS) for production of tubers as planting material has
been practiced on farm level in various countries as Sri Lanka “%'®, Rwanda®, and
mainland China *®, while scientists of more than 20 countries have been involved in
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various aspects related to potential adoption of TPS technology, especially the Intern-
ational Potato Center has concentrated much researches in collaboration with other
national scientists to develop the most adaptable agronomic technology and improved
TPS progenies %1 The advantages of using TPS instead using traditional seed
tuber propagation include the low cost for producing TPS, elimination of tuber associ-
ated diseases and bulky storage and transport.

In Taiwan, although seed certification and a basic-foundation-certified 3 level prod-
uction system has been established with in vitro tuberlets as basic seed "%, some
farmers still purchase seed tubers produced through non-certification system. The
present study conducted during 1983, 1984 and 1985 weas a continuation of a series of
agronomic experiments aiming to evaluate the technology of using TPS to produce seed
tubers and find the most adaptive method to implement here.

Materials and Methods

Comparison between TPS tubers and commercial cultivars

Four commercial cultivars were used in this experiment. They are Atzimba (Mexi-
can variety), Wu-feng, Cardinal, and Kennebec, with the latter three being current
commercial varieties. The TPS tubers used were first generation seedling tubers of 10
different families including 3 open-pollinated (OP) and 7 hybrid ones. All tubers were
planted whole on November 15, 1984 in a completely randomized design with unequal
number of replications for each entry at TARI experimental farm. For the convenience
of using a small cultivator, single rows with row spacing of 90cm and 30cm between
hills were used. The size of the TPS tubers used were mostly between 10 and 20g while
that of commercial cultivars were above 30g. The plants were investigated visually for
tuber borne virus symptoms one month after planting and the diseased plants were disc-
arded then to eliminate further infection. The crops were harvested on February 22, 1984
and fresh weight for both haulm and tubers were recorded.

2. Seasonal effect on the production of seed tubers

To study the seasonal effect on TPS germination, plant growth and final tuber
yield, 6 tuber families including 3 OPs and 3 F;s (Table 1) were used in this experim-
ent which was conducted in both open field and screenhouse. Four sowings were taken
at 2 week intervals representing early and later half of both October and November

(Table 2). The temperature data for these 2 months are shown in Table 3. TPS were
directly sown in field at a spacing of 10x10cm on plots of 2.7%x1.3m for each family
at each of the 2 replications.

For screenhouse planting, TPS were first sown in plastic flats in greenhouse and
then transplanted in completely randomized design at spacing of 12x12cm on 85cm
wide bed. The close spacing was aimed t0 produce numerous small tubers for seed.
Plants were harvested at the average maturity for each planting, number and weight
of tubers were recorded.

3. Comparison between TPS tubers of different sources
TPS produced either in screenhouse or iin open field in 1983—1984 season were
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compared in terms of their disease rate and yield ability. Tuberlets of 15—20g each
were planted on November 16, 1984 in TARI farm in a RCBD with 3 replications. Three
tuber families and 2 sources (screenhouse vs, field) formed 6 treatments. Each plot
consisted of 2 double row beds of 1.3x6m with 40 hills on each bed. The number of
virus symptomed plants were recorded one month after planting and the diseased plants
were pulled out. The crops were harvested on March 25, 1985 with 129 days of growth
and the tuber yields were recorded.

Results

1. Comparison between TPS tubers and commercial caltivars

The yielding capacity on plant basis of TPS tuber families ranged between 184g
and 427g with average yield of 239g for the OPs and 308g for the hybrids. The yields
obtained from 4 commercial cultivars ranged from 299g of Kennebec to 567g of Wu-
feng with an average of 437g (Table 4). Significant difference existed between cultivars
and TPS OP families. Moreover, the OP families produced smaller tubers than either hy-
brid families or cultivars did, giving only half of the hill being acceptable in terms of
tuber size and yield.

Table 1. TPS families used to study seasonal effect.

TPS family Abbreviation Genetics
26 26 OP
254 254 oP
475 475 (023
Atzimba X R 1286 A xR F,
DTO-33 x R 1286 DTO-33 x R Fy
PAS 3064 3064 Fy

Table 2. Temperature* (C) in October and November of 1983

Date Max Min. Mean

1—10 329 226 2178

October 11—20 320 224 27.2
21—-31 29.1 20.2 24.1

1—10 293 15.6 22.5

November  11—20 26.2 143 204
21—30 25.3 104 179

*data taken at TARI, 85m asl,
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Table 3. Comparison between TPS tubers and commercial cultivars

Disease Tuber yield avg tuber
Tubers® Hill No.
level % Per plant (g) % l;i;)ell(:lgical size (g)
Cultivar 1960 14.07 437 ab 70.5
Cardinal 1702 8.10 379 68
Kennebec 52 13.52 299 81
F, TPS 2445 13.82 308 ab 2.7
A x DTO-28 1082 12.81 421 64
PAS 3064 334 3.04 382 66
oP TPS 1634 13.10 239 b 64.8

a. planted on November 15, 1983; harvested on February 22, 1984.
b. Means do not have a letter in common are significantly different at the 5% level according to

Ducan’s multiple range test.

Selected hybrid TPS families such as AxDTO-28 and PAS 3064 produced tubers comp-
arable to the commercial varieties in size and yield. The morphological uniformity for
the above mentioned two TPS families were fairly good in terms of tuber size, skin
color (white, except PAS 3064 tubers with red eyes) and shape (mostly oval round).
Crops from OP families had vigorous haulm growth but not much of the tuber produc-
tion in comparison to crops from hybrid families. The average percentage of tuber
weight in total biological yield (haulm+tuber) for the OPs, F;s and commercial cultiv-
ars were 64.8, 72.7 and 70.5 respectively (Table 4). Ideal proportion of tuber yield
should take at least 70% of the total growth, however, the percentage would be much
increased if the haulm was senescent and died down. Tuber weight taking less than
70% of the biological yield probably indicated the unefficient partitioning of photosynt-
hates into tuber bulking which might be of genetic causes or the interaction of genoty-
pes and environment.
2. Seasonal effect on the production of seed tubers

A. Direct seeding in open field

The TPS takes longer time to emerge at earlier sowing date. The percentage of
emerged seedlings taken 2 weeks after each planting was shown in Table 5. Sowing on
October 12 resulted in the lowest average percentage of emergence, 13%, while later
sowing gave more than 40% of emergence. Temperature tended to be major factor for
it. The still high temperature in early October slowed and inhibited the seed germinat-
ion and the gradual decrease in temperature (Table 3) favored the process of germin-
ation, resulting faster and more emergence. During growth, natural selection tended to
survive the better genotypes by eliminating out weaker seedlings. At young seedling
stage, cutworm in soil and damping-off pathogen were main pests. TPS family of PAS
3064 had the earliest maturity since its plants showed first senescence with yellow
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leaves at 3% mo. of planting. However, each planting was harvested according to overall
maturity and once for all before all plants turned yellow. The planting of October 29
had the highest tuber yield of 2.61kg/m? of which about 92% would be good for sesed
tubers since they were larger than 8g (Table 6). Ninty seed tubers were produced per
square meter. The 2 plantings in November gave lower but not significantly different
tuber yield of 2.04 and 2.40kg/m? respectively. The November 23 planting gave the
highest number of tubers of 8g or more in size, being 108 tubers/m? The data indica-
ted the most proper season to direct seed TPS in field for seed tuber production would
be from late October on when the temperature was cool enough for germination and
still warm enough during the following period for the growth. As for the TPS sources,
hybrids generally yield better than the OPs, more than 2.5kg/m? vs. about 1.5kg/m3 (
except 254’ family) (Table 7).

Table 4. Seasonal effect on TPS emergence % in field®

Sowing date
TPS Oct. 12 Nov. 23
Oct. 29 Nov. 11
26 8 43 41 49
254 4 29 47 —
475 11 37 23 47
A xR 23 43 52 33
DTO-33 x R 18 43 38 61
3064 17 54 44 51
average 13 4] 41 52

a. Emergenec 9% was taken 2 weeks of sowing except for Nov. 23 planting which was taken one

month of sowing.

Table 5. Seasonal effect on seed tuber production in field

Direct seeding date Growing Total tuber > 8 g tubers
in 1983 days kg/m? kg/m? % No./m?
October 12 119 1.96 b2 176 88.9 70
29 129 261 a 2.42 92.0 90
November 11 118 2.04 ab 1.67 78.0 82
23 128 2.48 ab 1.97 779 108
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Table 6. Seed tuber production of TPS families

Total tuber > 8 g tubers
TPS family
kg/m? kg/m? % No/m?2
26 1.57 ¢* 129 ¢ 80.9 a 65 b
254 241 b 204 b 82.5 a 96 a
475 139 ¢ 116 ¢ 8L.1 a 39 b
3064 253 b 220 b 86.2 a 9 a
DTO-33 x R 296 a 2.60 a 879 a 108 a
A X R 2.18 ab 2.42 ab 86.7 a 98 a

a. Means do not have a letter in common are significantly different at the 5% level according to

Duncan’s multiple range test.

B. Transplanting in screenhouse

The November 11 planting yielded the highest of 3.22kg/m? and the highest number
of 130 tubers/m? of 8g or more in size. All plantings except the Oct. 29 one in screen-
house had better total tuber yield but same useable tuber yield comparing to the plant-
ings in open field. In terms of the number of effective tubers, all planting gave more
than 100 per square meter (Table 8). Unlike those directly sown to field, TPS seedlings
under protection in screenhouse had less competition from pests, less attack from adv-
erse weather. The-higher density and evenly distributed plants gave slightly higher
total yield but smaller tubers and lesser proportion (about 65% by weight) of effective
seed tubers compared to field plantings which gave more than 80% of the total yields
as seed tubers. The data indicated that sowing of TPS could be as early as early
October if shade provided to lower the temperature.

Table 7. Seasonal effect on seed potato production in screenhouse

Seeding Trans Growing Total tuber > 8 g tubers
(1983) planting days kg/m? kg/m? % No./m?
October 12 | November 22 145 2.56 ab*® 1.66 68.1 105
29 | December 2 128 221 b 1.53 679 103
November 11 | December 18 133 322 a 2.00 62.1 130
23 | January 6, 1984 135 2.60 ab 1.86 713 101

a. Means do not have a letter in common are significantly different at the 5% level according to

Ducar’s multiple range test,
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3. Comparison between TPS tubers from different sources

The quality of TPS tubers produced either in screenhouse or in open field was
comparable to certified commercial seed tubers of Cardinal in terms of disease rate
which was 20.89, 13.3% and 19.8% for 3 different sources respectively. The tubers of
OP family had higher virus infection than those of 2 hybrid families, being 22% vs. 15
% (Table 9). The value was higher than that of previous year. Seasonal effect during
seedling growth might be involved. The hybrid families yielded better than OP family
with plants being more vigorous along with faster canopy development and probably
better partitioning of the assimilates to tuber growth. The tuber yield was 26t/ha for
the OPs and 34t/ha for the hybrids, the latter being similar to Cardinal tuber yield.
Again, the tuber yields were higher than those obtained in previous year. Both seasonal
and soil effects (different field lot) might account for this difference. The tuber unifor-
mity of the hybrid progenies was also acceptable in terms of good tuber size (ca. 150g
each), oval round shape and white skin. However, the fairly deep eye in general was
inherent defect.

Table 8. Comparison between TPS tubers of different sources®

Disease rate % Tuber yield (t/ha)

TPS family

Field Screenhouse avg Field Screenhouse avg
A X R 10.0 20.5 15.3 36.1 333 34.7
DTO-33 x R 9.2 171 13.3 33.6 35.0 343
475 20.5 24.6 22.6 26.8 25.5 26.1
avg 13.3 20.8 32.1 31.2
Cardinal? 19.8 33.6

a. TES tubers were produced in either screenhouse or open field in 1983—1984 season, they were
planted as seed tubers on November 16, 1984,
b. Cardinal tubers were purchased as certified seed and planted in the same field on Nov. 14 with

105 days of growth.

Discussion

Three schemes, proposed for different areas with different situations to use TPS are
direct field seeding, transplanting seedlings and producing seedling tubers for proapag-
tion. Production by seedling tubers and seedling transplants is gegerally better than
direct field sowing ®%!%!", Seedling tubers in turn offer more advantages than transpl-
ants by easier to establish, easier management, shorter growing period and large tuders
produced with improved homogeneity. It has been successfully used in various countries
as a complementary system to national seed program.

Generally TPS tubers are of high health standard, carrying approx. 5% of virus®.
With optimum environment, they can even be grown for three generations before final
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release as seed tubers to large scale farming ”. In present study the virus incidence
of the first generation TPS tuber, although being comparable to commercial seed tubers,
is much too high, being more than 13%. However, as low as 3% of virus infection was
obtained (Table 4). With seasonal effects being considered more intense disease and
insect control will be needed to lower the virus incedence. Hybrid TPS progenies in
general outyielded OP progenies. Good yield of 34t/ha (Table 9) was obtained by plan-
ting first generation F; TPS tuberlets. This result is comparable to that of other coun-
tries #1” and it is expected that by breeding and selection, tuber uniformity and yield
will be further improved especially with hybrid progenies. As high as 1.3kg/pl of
population mean tuber yield, equivalent to 54t/ha (42,000pl/ha) from TPS family has
been reported ‘'». OP progenies with 40t/ha or more of tuber yield has been obtained
U0 OP seeds of an India variety had been widely distributed and tested in India,
Bangladesh and Sri Lanka for its high yielding ability. The production of seedling
tubers in nursery bed has been reported as high as 10kg/m? of total tuber weight and
as many as 1,000 or more useable tubers (>1g) . Comparatively, the yield of 3kg/m?
(Table 8) in weight and a few hundred in number (tubers>>1g counted) from the
present study was rather low, giving lower multiplication rate in turn. Various studies
45N have shown that the use of regular field soil as nursery substrates gives poor
seedling growth and recommended the use of mixture of sand and compost or subsoil
and peatmoss in equal parts with low salt concentration. High phosphorus is essential
for good seedling growth. Nitrogen and potassium are applied along with irrigation
after seedling emergence. The farm soil used in this study is silt loam in structure
with low organic matter in fertility. This along with the low hilling (some tuberlets
are found near soil surface) might cause the low yield. The TPS seedlings are usually
more sensitive to adverse conditions of soil and temperature than tubers. The optimum
temperature for TPS germination is 20°C® and the temperature in early October is
probably inhibitory to TPS emergence, resulting in slower and lower seedling growth
(Table 5), while tubers can be planted in late September in central Taiwan ®. It was
therefore recommended to direct seed in late October or earlier seeding should be carri
ed out with shade provided to lower the temperature and minimize soil crusting in
turn.

The effective tuberlets to be used as seed tiber are 8g or larger in size while
tuberlets of 1g are considered useable in other studies»!”. The smaller tuberlets can
be planted but with slower initial growth, if long season provided along with fertile
substrates and intense agronomic management, reasonable yield can still be achieved.
If the 1g tubers counted, the number of useable tubers will increase in this study.

The seed tubers produced in open field or in screehouse had disease rate of no
significant difference, in fact, the value from the screenhouse was higher than that in
the open field. This might be caused by much contact from transplanting operation. The
screenhouse did not guarantee better protection to TPS seedling from virus infected by

contact or insects as long as there is some isolation from other Solanaceae crops in open
field.
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In concluding the agronomic experiments conducted through years, there may not
be possibility of using TPS in commercial production in the near future here in Taiwan
where the domestic market favors large size tuber preferably with high dry matter
content for processing products and the export market fluctuates. TPS family can
hardly take place of commercial varieties for the time being. However, TPS research
offers good potential in breeding work especially for disease resistance incorporation.
Selection pressure can be applied at the seedling stage to screen out resistant plants
to diseases such as late blight and bacterial wilt and the selected tuberlets can be
further multiplied and undergone more accurate evaluation. The breeding work for
disease resistance is important yet lacking at this stage.
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