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Summary

Progeny families of 4x -2x hybrids between Group Tuberosum and Group Phureja-haploid Group
Tuberosum hybrids were evaluated under simulated commercial agricultural practices in 1974 and
1975. The range of the observed values for the 4x-2x hybrids exceeded the range of the 4x parents
for nearly all measured traits. The mean for total yield of the 4x-2x hybrids was equal to (1974 ex-
periment) or significantly higher (1975 experiment) than the mean of the 4x parents. In the 1975
experiment 17.8", of the 4x-2x hybrids produced a higher total yield than the highest yielding 4x
parents. The 4x-2x hybrids exhibited a significantly lower mean than the 4x parents for marketable
yield and tuber weight but transgressive segregants were found for these traits in both experiments.
The heterosis and variability of the hybrids indicates that this breeding method is a potentially
powerful tool in potato improvement.

Introduction

The cultivated diploid (2n = 2x = 24) Groups Phureja and Stenotomum represent
a valuable reservoir of genetic diversity which can be used to broaden the genetic
base of tetraploid (2n = 4x = 48) Group Tuberosum cuitivars and breeding stocks.
This germ plasm can now readily be transferred to 4x Tuberosum by means of 2n
gametes from 2x parents (Hanneman & Peloquin, 1969 : Mendiburu, [971).

Several workers have reported heterotic effects when tetraploid Group Tuberosum
cultivars are crossed with Group Phureja - haploid Group Tuberosum hybrids
(Hanneman & Peloquin, 1969: Mendiburu, 1971: Mok & Peloquin. 1975a: Quinn
& Peloquin, 1973). Progenies from 4x — 2x matings are especially high yielding if the
diploid parents produce 2n gametes by a mechanism which is equivalent to first
division restitution (Mendiburu, 1971 ; Mok & Peloquin, 1975a). A breeding scheme
similar to the approach proposed by Mendiburu et al. (1974) is currently being eval-
uated in the Canadian National Potato Breeding Project, with headquarters at
Fredericton, N.B. The purpose of this research was to assess the 4x — 2x breeding
method, utilizing well-adapted Tuberosum cultivars and breeding stocks and eval-
uating the progenies under simulated commercial agricultural practices in Canada.
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Materials and methods

Two 2x Group Phureja - haploid Group Tuberosum hybrids, W5295.7 and W5337.3,
both of which are known to form diplandrous gametes by the parallel spindle mech-
anism (Mok & Peloquin, 1975b) were used as male parents with several 4x Group
Tuberosum female parents. In the 1974 experiment 14 4x — 2x hybrid families were
investigated. This experiment included 12 4x parents of which ten were crossed to
one of the 2x parents and two were crossed to both 2x parents. In the 1975 experiment
progenies from each of eight 4x parents - both 2x parents were studied (Table 1).

Scedlings were raised in the greenhouse. One tuber was saved from each genotype
and planted inthe ficld the following season in a single hill planting. At harvest time
ten genotypes were randomly selected from each family for the field experiment in
the following season.

In both experiments the clones under observation were planted in two replicates
of five hills. The 4x parents were treated in the same manner as their progeny. In

Table 1. Families of 4x-2x hybrids.

1974 experiment! 1975 experiment!
family? number of  family? number of
genotypes genotypes
analysed? analysed?
Bake King - W 53373 8 Belleisle - W 5295.7 10
Green Mountain -~ W 5337.3 9 Belleisle - W 5337.3 9
Hunter - W 53373 8 Dorita - W 52957 8
Katahdin - W 53373 7 Dorita - W 5337.3 9
Kennebec - W 52957 10 RU-18 - W 5295.7 10
Raritan - W 52957 9 RU-18 - W 53373 9
Raritan - W 53373 9 F61008 - W 52957 10
Red Pontiac - W 5295.7 10 F61008 - W 5337.3 10
Superior - W 53373 10 F61019 - W 52957 10
F56047 - W 5295.7 8 F61019 - W 5337.3 10
F58050 - W 5295.7 8 F61025 - W 5295.7 9
F62008 - W 52957 9 F61025 - W 5337.3 10
F62008 - W 53373 9 F66076 - W 5295.7 10
F64068 W 53373 10 F66076 - W 5337.3 10
F67114 - W 52957 10
Total® 124 F67114 - W 53373 10
Total* 154

Y Versuch — Expérimentation; * Familie — Famille: 3 Zahl der untersuchien Genotypen — Nombre de
génotypes étudiés; * Insgesamt — Total.

Tabelle 1. Familien von 4x-2x Hybriden.
Tableau 1. Familles d hybrides 4x-2x.
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both experiments one plot of each 4x parent was planted along with its respective
progeny family in each replicate. In the 1974 experiment each replicate was planted
with 140 progeny plots (14 families: 10 genotypes per family) and 14 4x parent plots
{12 parents, two of which had duplicate plots). In the 1975 experiment 160 progeny
plots (16 families: 10 genotypes per family) and 16 parent plots (8 parents, each of
which had duplicate plots) were planted in each replicate.

Seed pieces were cut to approximately 35 g and spaced 25.4 cm within rows and 91.4
cm between rows. The 1974 experiment was planted at the Potato Breeding Sub-
station at Alma, N.B. on 28 May and harvested on 2 October (127 days). The 1975
experiment was planted at the Potato Breeding Substation at Benton Ridge. N.B.
on 22 May and harvested on 2 October (133 days). Due to the necessity of maintain-
ing a high standard of plant hygiene. certain plots were rogued out during the growing
season because they showed some symptoms of virus infection. In 1974 and 1975.
respectively, 7.8%, and 0.9° , of the plots had to be discarded as a result of this proce-
dure. The number of genotypes per family which could be analysed ranged from 7
to 10 in the 1974 experiment and {rom 8 to 10 in the 1975 experiment (Table 1).
Data of 13 and 14 4x parent plots per replicate in the 1974 and 1975 experiments.
respectively. were used in the analysis.

The following traits were measured:

1. Early vigour — measured when approximately 90¢, of the plants had emerged.

Clones were rated on a scale from 0 (no emergence) to 5 (very vigorous).

2. Top vigour - based on total amount of foliage ~ measured approximately two weeks
before harvest on a scale from | (very weak) to 5 (very vigorous).

3. Maiurity - measured approximately two weeks before harvest on a scale from 1
(very mature) to 5 (very immature).

4. Number of main stenms - number of separable main stems per S-hill plot counted at
harvest.

5. Marketable vield - weight of all tubers 2 5.7 cm in kg per plot.

6. Total vield - weight of all tubers in kg per plot.

7. Number of tubers per plot.

8. Tuber weight — total yield per plot in g/number of tubers per plot.

9. Specific gravity - weight in air/(weight in air-weight in water).

The analysis of variance was computed according to the mixed design by Myers
(1966). The test of significance was determined by treating familics as fixed effects
and hybrids within families as random eftects. Data of 4x parents were first analysed
independently and then jointly with the progeny data to compare the overall dif-
ference between 4x - 2x hybrids and their 4x parents. The factorial type of crossing
plan of the 1975 experiment (Table 1} enabled us to investigate the family effects due
to 4x parents, 2x parents as well as the interaction between 4x and 2x parents. These
variations were treated as fixed effects.
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Results

The range of the observed values for the 4x — 2x hybrids exceeded the range of the
4x parents for nearly all measured traits in both experiments (Table 2). The 4x — 2x
hybrids exhibited a significantly higher mean than the 4x parents for top vigour.
maturity, number of main stems and number of tubers in both experiments. The
hybrids were found to have a significantly lower mean than the 4x parents for market-
able yield and tuber weight in both experiments. No significant differences could

Table 2. Means and ranges of 4x-2x hybrids and 4x parents.

4x-2x hybrids! 4x parents? Significant
11715 5
mean®  range* mean? range* difference*f
1974 experiment®
Early vigour” (0-5) 3.75 0.5-5 3.46 2-5 n.s.
Top vigour® (0-5) 466 2-5 4.27 3-5 o
Maturity? (1-5) 419 255 4.01 2.7-5 *
Main stems per plot'® 1799  9-38 14.08 7-21 *E
Marketable yield (kg/plot)'! 266 0-7.28 4.16 2.32-6.47 **
Total yield (kg/plot)!? 542  2.75-8.18 5.46 3.90-6.92 n.s.
Number of tubers per plot'? 6854  24-136 40.96 25-64 *x
Tuber weight (g/tuber)'¢ 86.04  30.40-310.90 140.55 89.4-216.3 **
Specific gravity!* 1.085 1.059-1.139 1.082  1.069-1.104 n.s.
1975 experiment
Early vigour 204  0-5 2.14 14 n.s.
Top vigour 4.66 3-5 4.28 355 %
Maturity 443 25 4.02 3-5 *E
Main stems per plot 20.74  5-50 13.43 7-24 *x
Marketable yield 2.64 0-6.35 3.63 0.54-5.31 *H
Total yield 4.99  1.99-10.57 4.56 2.63-5.80 *
Number of tubers per plot 69.45  26-173 3511 17-69 o
Tuber weight 78.32  22.53-340.90 14892 47.80-277.47  **
Specific gravity 1.083  1.060-1.104 1.090 1.077-1.103 *x

T n.s. = non-significant — Nicht signifikant — Non-significative: * P - 0.05: ** P -2 0.01.

VHybrid - Hybride: ®Eltern - Géniteurs; * Durchschnitt — Moyennes: * Schwankungsbereich —
Classement; * Signifikante Unterschiede — Différence significative; © Versuch — Expérimentation;
T Auflaufhonitur — Vigueur a la levée; ® Bonitur zum optimalen Wachstumszeitpunkt — Vigueur en
végétation. ° Reife’— Maturité; '° Zahl der Haupisiengel pro Parzelle - Nombre de tiges principules
par parcelle; 'Y Marktfihiger Ertrag (kg/Parzelle) — Rendement commercialisable (kglparcelle);
12 Gesamtertrag (kg|Parzelle) — Rendement total (kglparcelle): '3 Zahl der Knollen pro Parzelle —
Nombre de tubercules par parcelle; '* Knollengewichi (g|Knolle) — Poids du tubercule (g/tubercule) ;
'3 Spezifisches Gewicht — Poids spécifique.

Tabelle 2. Durchschnitt und Schwankungsbereich der 4x-2x Hybriden und 4x Eltern.
Tableau 2. Moyennes et classements des hybrides 4x-2x et des géniteurs 4x.
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be detected between the means of the 4x - 2x hybrids and the 4x parents for ecarly
vigour in both experiments and for total yield and specific gravity in the 1974 study. In
the 1975 trial the mean for total yield of the 4x - 2x hybnds was significantly higher at
P < 0.01 than the mean of the parental 4x clones (Table 2). In this experiment 17.8"
of the 4x — 2x hybrids produced a higher total yield than the best 4x parents (Fig. 1).

Families of 4x - 2x hybrids were significantly different in both experiments for num-
ber of main stems, number of tubers, tuber weight and specific gravity. In the 1975
experiment families also differed significantly in early vigour and both marketable
and total yield. Significant differences at P <2 0.01 were observed between 4x - 2x
hybrids within families for all traits in both experiments (Table 3. the analysis of
variance of the 1974 experiment is omitted to save space).

Highly significant differences were observed in 1975 between families from different
4x parents for all measured traits except top vigour and maturity (Table 3). A com-
parison of the families derived from the two 2x parents in the 1975 experiment showed
significant differences between these two parents for all traits except number of main
stems and total yield (Tables 3 and 4). Families obtained from W5295.7 were more

Fig. 1. Frequency distribution for total yield in the 1975 experiment.

Frequency, %
IS IS74 4x parents

30 N 4x-2x hybrids

SIS IIISS

204

TSI IS SIS SIS IS IS

o T Y ey
1 2 3 4 5 6 7 8 9 10 1
Total yield, kg

Frequency - Hdufigkeir — Fréquence, Total yield - Gesamtertrag — Rendement total; Parents —
Eltern — Géniteurs, Hybrids - Hvbriden — Hybrides

Abb. . Hiufigkeitsverteilung fiir den Gesamtertrag des Versuches von 1975,
Fig. 1. Distribution des fréquences pour le rendement total de lexperimentation de 1975.
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TETRAPLOID-DIPLOID HYBRIDS IN CULTIVATED POTATOES

Table 4. Means of 4x-2x hybrid families derived from diploid parents in 1975 experiment.

Diploid parent! Significant
difference?
W 5295.7 W 53373
Early vigour” (0-5) 1.89 2,19 *
Top vigour® (1-5) 4.58 4.74 *x
Maturity® (1-5) 4.34 4,51 *
Main stems per plot!® 20.30 21.25 n.s.
Marketable yield (kg/plo)'! 2.81 2.48 *
Total yield (kg/plot)!? 5.00 4,99 ns.
Number of tubers per plot!3 65.11 73.79 e
Tuber weight (g/tuber)'* 82.38 74.24 *
Specific gravity!$ 1.086 1.079 k¥

*P oo0.05:**P - 001
Y Diploide Eltern — Géniteurs diploides; * Signifikante Unterschiede - Différence significative:
7 V8 Siche Tabelle 2 - Voir tableau 2.

Tabelle 4. Mittelwerte des Versuches von 1975 der 4x-2x Hybridfamilien. die von diploiden Eltern
abstammen.

Tablean 4. Moyennes des familles d'hybrides 4x- 2x issues des géniteurs diploides dans U'expérimen-
tation de 1975.

mature, produced a higher yield of marketable tubers, a higher tuber weight and a
higher specific gravity than families derived from W5337.3 (Table 4). No significant
interactions could be detected between the 4x and 2x parents (Table 3).

Discussion

The experiments reported here were designed to measure the potential usefulness
of the 4x — 2x breeding method, by testing the hybrids under presently accepted com-
mercial agricultural practices in Canada. This applies particularly to plant spacing
which in these experiments were 91.4 cm between rows and 25.4 cm within rows.
The reports by previous authors (Mendiburu, 1971; Mok & Peloquin. 1975a) of
heterosis for yield in 4x — 2x hybrids were based on plant spacings of 91.4 cm be-
tween rows and, depending on location, 45.7 cm or §1.3 cm within rows. We have
found that the performance of individual clones at such wide spacings is not neces-
sarily indicative of their performance under the closer spacings which are at present
standard commercial practice. The 4x parents used in these experiments were origi-
nally selected for their performance under the same commercially practiced spacings.
A comparison between these breeding stocks and other genetic material under a
considerably different spacing could penalize the 4x parents. Since the mean num-
ber of tubers per plot from the 4x hybrids is nearly twice as high as the mean number
from the 4x parents (Table 2), a wider spacing will favour the hybrids more than the
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4x parents. The experiments reported here have, therefore, exposed the 4x - 2x
hybrids to greater stresses than the previously reported studies with similar genetic
material (Mendiburu, 1971; Mok & Peloquin, 1975a).

The mean for total yield of the 4x-2x hybrids was equal to (1974) or 9°; higher
(1975) than the mean of the 4x parents (Table 2). This represents an improvement
over yields of families from 4x — 4x (intra Tuberosum) crosses. Mok & Peloquin
(1975a) and Tai {1974) indicated that the family mean for total yield of such matings
is frequently below the yield of the parents. Mok & Peloquin (1975a) reported a 35°,
yield increase in their 4x — 2x hybrids (derived from diploids which produce 2n
gametes via first division restitution) above the yield of their 4x parents over two
locations. The above-mentioned stresses to which the material was exposed in our
experiments is probably the principal cause of the reduction in heterosis when our
means for total yield are compared with those of Mok & Peloquin (1975a).

In an asexually propagated crop such as the potato. where a single superior geno-
type can immediately be multiplied. the range is also a very meaningful measure. A
genetic advance can be made with a mating if the upper end of the range of the progeny
exceeds the best parent. regardless of the mean. In both experiments the 4x - 2x hybrids
produced a mean marketable yield which was considerably below the mean of the
4x parents. However, the best hybrids exceeded the best parents in marketable yield
in both experiments (Table 2). The fact that certain hybrids produced no marketable
yield at all is no serious disadvantage since such genotypes can quickly be eliminated
from a breeding program. The range of the hybrids also exceeded the range of the 4x
parents in nearly all other measured traits (Table 2).

The highly significant differences for nearly all measured traits between families
derived from different 4x parents (Table 3) suggest considerable differences in
general combining ability for these traits among the 4x parents when they are mated
with the two 2x parents. No significant differences could be detected among the 4x
parents themselves for total yield. This indicates that the value of these clones as
parents for total yield cannot be determined from their own performance but must
be assessed by progeny analysis.

Differences in general combining ability also exist between the two 2x parents
(Tables 3 and 4). The absence of significant differences among the 4x parents - 2x
parents interaction shows that specific combining ability did not play a significant
role in these experiments. This contradicts the results of Mok & Peloquin (1975a)
who found that general combining abilities of both 4x and 2x parents were not
significant and that only specific combining ability contributed to the differences
between families of 4x — 2x hybrids. If a broader spectrum of 2x parents had been
available, we might also have been able to detect a significant specific combining
ability.

Mendiburu (1971) and Mok & Peloquin (1975b) have shown that the two diploid
parents used in this study produce 2n gametes by the parallel spindle mechanism,
which is genetically equivalent to first division restitution. Thus a large amount of
heterozygosity can be transferred from the diploid parent to the 4x progeny. There
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is now considerable evidence for the hypothesis that the heterosis exhibited by the
4x - 2x hybrids is related to the amount of heterozygosity which is transferred to the
progeny via the 2n gamete from the (heterozygous) diploid parent (Kidane-Mariam
& Peloquin. 1974; Mendiburu, 1971; Mok & Peloquin. 1975a). In their discussion
on heterosis for yield in Tuberosum-Andigena and reciprocal hybrids, Tarn and
Tai (in press) suggested that a judicious combination of yield components in the
parents can also result in hybrid vigour for yield. If total yield is considered as the
multiplicative interaction of tuber number and tuber weight then a proper com-
bination of these factors can result in heterosis. The combination of the relatively
high tuber weight of the 4x parents with the relatively high tuber number of the x
parents could then lead to a high total yield in the progeny. The heterozygosity and
yield component hypotheses are not necessarily mutually exclusive but can be con-
sidered as complementing one another. Both hypotheses require a careful choice of
parents for the exploitation of heterosis.

Since the genetic variability of the Group Tuberosum material appears to be more
limited than that of the cultivated diploid Groups Phureja and Stenotomum or of
hybrids derived from them and haploids of Group Tuberosum. it is quite likely that
intensive breeding and selection on the diploid level can produce 2x parents with a
considerably greater combining ability in 4x - 2x hybridization than the 2x parents
which were used in these experiments. This expectation is reinforced by the facts
that (1) significant differences in general combining ability for all but two of the
measured traits were found between the two diploid parents (Table 4). (2) the mech-
anisms for 2n pollen formation which have been discovered thus far are all controlled
by simple recessive mutations (Mok & Peloquin, 1975¢) and (3) diplandroid forming
clones occur relatively frequently in Groups Phureja and Stenotomum (Quinp et al.,
1974).

Both diploid parents are hybrids between relatively unselected Phureja clones and
Tuberosum haploids. Their progenies in these 4x ~ 2x matings have a considerably
higher maturity reading than the 4x parents although earlier maturing transgressive
segregants do occur (see Table 2). This late maturity can. no doubt. be traced back
to the original Phureja clones. It. therefore. becomes imperative that selection for
daylength response precedes the breeding utilization of primitive cultivated material
such as Phureja or Stenotomum. In this *pre-breeding’ period. selection should also
be made lor other horticultural traits such as tuber type and eye depth. Our general
observations about tuber appearance agree with those of Quinn & Peloquin (1973)
where they suggest a fairly high narrow sense herttability for tuber appearance. Many
of the 4x- 2x hybrids resembled the 2x parents in appearance - they had deep eyes
and a tuber type which was considerably less attractive than that of the 4x parents.

The overall response of the 4x-2x hybrids has been very encouraging under the
simulated commercial agricultural practices in Canada. A broader utilization of
this breeding method must await the development of more adapted diploid parents.
Since several potato breeding programs around the world are now including cul-
tivated diploids in their breeding efforts, such clones will probably be developed in
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the near future. Potato breeders will then have an even more powerful tool to produce
superior high-yielding breeding stocks and cultivars.
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Zusammenfassung

Analyse tetraploid-diploider Hybriden in Kulturkartoffeln

Zwei Gruppen von Phureja-haploiden Tubero-
sumhybriden, von denen bekannt ist. dass sie
diplandroide Gameten durch den Parallel-
spindelmechanismus bilden, wurden als ménn-
liche Elternteile fiir verschiedene weibliche
Eltern der Gruppe Tuberosum benutzt (Tabelle
). Nachkommenschaften aus 4x-2x-Kreuzun-
gen wurden 1974 und 1975 unter ihnlichen land-
wirtschaftlichen Bedingungen gepriift. Der
Schwankungsbereich der gemessenen Werte fir
die 4x-2x Hybriden liberstieg den der 4x Eltern
in nahezu allen gemessenen Merkmalen in bei-
den Versuchen.Die 4x-2x Hybriden hatten einen
signifikant niedrigeren Durchschnittswert fiir
marktfihigen Ertrag und Knollengewicht, aber
in beiden Versuchen wurden transgressive Ab-
weichungen fiir diese Merkmale gefunden (Ta-
belle 2). 1975 ergaben 17.8%, der 4x-2x Hybri-
den einen héheren Gesamtertrag als die besten
4x Eltern (Abb. 1).

1975 wurden hoch signifikante Unterschiede
bei fast allen gemessenen Merkmalen zwischen

Résumé

Familien gefunden. die von verschiedenen 4x
Eltern abstammen (Tabelle 3). Das deutet auf
betriichtliche Unterschiede dieser Merkmale
in der allgemeinen Kombinationsfihigkeit in
den 4x Eltern hin. Unterschiede in der allge-
meinen Kombinationsfihigkeit bestehen auch
zwischen den zwei 2x Eltern (Tabellen 3 und 4).
Zwischen den 4x und 2x Eltern konnten keine
signifikanten Wechselwirkungen beobachtet
werden (Tabelle 3).

Das Gesamtergebnis der 4x-2x Hybriden war
sehr ermutigend. Ein breiterer Gebrauch dieser
Ziichtungsmethode héngt von der Entwicklung
kultivierter diploider Eltern ab, in denen das
Merkmal diplandroider Bildung mit relativ
frither Reife und anderen Eigenschaften wie
Knollenform und Augentiefe kombiniert ist.
Wenn solche Klone verfiigbar werden. werden
die Kartoffelziichter ein noch miichtigeres
Werkzeug haben, um Zuchtstimme und Sorten
mit hohen Ertriigen zu ziichten.

Etude d'hybrides de pommes de terre tétraploides-diploides

Deux hybrides issus du groupe Phureja haploide-
groupe Tuberosum, connus pour leurs gamétes
diplandres obtenus par le mécanisme du fuseau
paralléle, ont éte utilisés comme géniteurs males,
avec plusieurs géniteurs femelles du groupe
Tuberosum (tableau 1).

La descendance d’hybrides 4x-2x a été
¢tudiée dans des conditions similaires a celles

120

de la pratique en 1974 et 1975. Le classement des
valeurs observées pour les hybrides 4x-2x est
supérieur a celui des géniteurs 4x pour presque
tous les critéres évalués dans les deux essais.
Les hybrides 4x-2x ont en moyenne un rende-
ment commercialisable et un poids par tuber-
cule significativement inférieurs aux géniteurs
4x. mais une transgression est observée pour
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ces caractéres dans les deux essais (tableau 2).

Dans I'essai de 1975, 17.8°, des hybrides 4x-
2x ont donné un rendement total supérieur aux
meilleurs géniteurs 4x (fig. 1).

Des différences hautement significatives ont
été mises en évidence en 1974 pour presque tous
les critéres mesurés. entre des familles issues de
différents géniteurs 4x (tableau 3). Ceci suggere
quiil existe en général de grandes différences
dans I'aptitude i la recombinaison de ces cri-
téres parmi les géniteurs I'aptitude & la recom-
binaison de ces critéres parmi les géniteurs 4x.
Des differences se retrouvent également entre
les parents 2x (tableaux 3 et 4). Aucune intérac-
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