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Introduction

During he last decade polyploid varieties of sugar beets have
been planted on a large scale in Denmark, Netherlands, Austria,
Italy, Germany, and other countries. Replacing: of diploid
varieties by polyploids in these countries was prompted by the
higher productivity of polyploids and by better combinations
with high yield and high sucrose percent (3, 5, 27, 28, 35, 36, 37,
39, 43, 50, 69, 83, 84, 87, 88)%. According to the opinions of
European breeders a better combination of high sucrose and
yield can be obtained at the polyploid than at the diploid level
(85). Therefore, in many European countries polploidy has be-
come a new and widespread method in sugar beet breeding
(36, 65).

The breeding of polyploid varieties includes the four follow-
ing stages: a) obtaining tetraploids by colchicine treatment,
control of the ploidy level, and the propagation of new tetra-
ploids in certain generations (5, 6, 7, 36, 38, 62, 74, 75, 76, 78, 79,
80, 85); b) improvement of the biological characters of tetraploid
populations and lines along with the economic value (73); ©)
evaluation and selection of tcuf:plold and diploid parental strains
according to their ability to combine as in triploids (polyploids)
(88); and d) the composition of polyploid varieties from diploid,
triploid, and tetraploid beets, or obtaining pure triploid male-
sterile hybrids (5, 15, 36, 60, 61, 80, 82).

Tetraploidy offers new possibilities in the breeding of mono-
germ sugar beets. Tetraploid strains of monogerm “self-fertile
and self-sterile beets obtained by Helen and V. F. Savitsky de-
veloped much larger fruits with larger germs than the original
diploid strains. The same appearance was observed in tetraploid
hybrids resulting from crosses of tetraploid multigerm and mono-
germ beets. Tetraploid F, monogerm segregates showed much
larger fruits than F. diploid monogerm segregates from crosses
of the same strains at the diploid level.

New possibilities have been opened for genetic study and for
breeding work in monogerm polyploids by the production of
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the first monogerm tewaploid sell-lertile inbreds and a corres-
ponding monogerm  malessterile  cquivalent (80, 82) by H.
Savitsky. Monogerm and multigerm diploids and corresponding
tri- and tewraploid sclf-lertile, sell-sterile, and male-sterile strains
have now been provided lor experimental use.

The genetic effect of autopolyploidy conditioned by the tetra-
ploid type of heredity was theoretically studied by mathematical
genetics.  However, genetic changes occurring in the polyploid
hyl)n(l populations, even in the first generations. have not been
studied c\pumumally in beets and |1:1\'{‘ becn studied to only
a small extent in other crops.

Doubling of the chromosome number in sugar bects involves
two types of changes: a) detectable changes of different char-
acters which can he observed immediately in the first generations
after colchicine treatment and which are caused by doubling
of the chromosome set; and b) changes of phenotypic and geno-
typic structure of populations which occur in the following gen-
eraticns which are caused by the replacement of diploid
inheritance with a polysomic one.

Polysomic inheritance observed in polyploids is characterized
by several peculiaritics absent in diploid organisms. The laws
ol polysomic inheritance differ [rom Mendel's rules. Gametes in
a tetraploid plant may cury more than one vepresentative of
the same parental gene. Position ol the gene in the chromosome,
the process of pairing, multivalent formation, non-disjunction,
and chiasmata formation influence the type of seerceation in
tetraploids (8, 20, 21, 24, 26, 29, 33, 45, 53, 63, 77, 94, 95). Be-
cause of polysomic inheritance, reaction toward different types
of matings is not equal in diploids and tetraploids. The differ-
ence is caused by slower segregation in tetraploids (1, 2, 23, 34,
44, 48, 49, 70, 90). Correlations caused by linkawe are also
chan@,ed in tetraploids. Differing from diploids, which have only
two types of linkage (coupling and repulsion). tetrapioids possess
many distinct types of cametic series (22. 25, 54, 93). These
secondary genetic variations in tetraploid populations, which
occur as a consequence of polysomic inheritance, lead to a situa-
tion in which it is reasonable to employ, in some cases, different
methods of breeding and mating than in diploids. Tt is known
that tetraploids in certain species chaneed their original type of
mating (89). In spite of this. in the majority of outbred species
such as Secale ceveale, Brassica, Raphanus, and Kok-saghyz. as
well as in Beta vulearis. autoretraploids maintained outbreeding
as a tvpe ol mating, Self sterility in suear beet autotetraploids
derived from sclfsterile diploids was confirmed in many of our
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experiments conducted in different environments during the
last 5 years.

The type of mating—inbreeding or outbreeding—defines the
genetic structure of a given species (55, 56, 57, 59). The genetic
mechanism controlling vigor in outbreeding species is based
upon selective advantages of heterozygotes (12, 13, 14, 18, 41, 42).
Therefore, the maximum expression of productiveness in poly-
ploid hybrids and populations may be obtained in the process
of breeding only at certain levels of heterozygosity. The genetic
effect of inbreeding and outbreeding has not been studied experi-
mentally in sugar beets. This paper is devoted to a study of
variations in percent sucrose and root weight in tetraploid mono-
germ and multigerm populations obtained by different mating
systems (selfing, sibbing, backcrossing, and outcrossing).

Materials and Methods

To study the variation in percent sucrose and weight of root
in tetraploid self-fertile and self-sterile beets, several inbred lines
and experimental hybrid populations between monogerm and
multigerm beets were obtained. These populations differed in
their origin and in the type of mating employed for their
propagation.

Tetraploid self-sterile experimental populations studied rep-
resent typical tetraploid sugar beet populations, with the ex-
ception that the “genetic conditions” involved in their forma-
tion had been predetermined (sibbing or open pollination) and
were controlled from the beginning of their development. There-
fore, it was possible to study the variation of percent sucrose
and of weight of root in tetraploid populations under different
types of matings: hybridization, sibbing, and open pollination.

Self-fertile tetraploid monogerm inbreds and monogerm self-
sterile populations have not been developed and studied pre-
viously.

The experiments included the following six tetraploid strains
obtained by H. Savitsky (79, 80) by using the colchicine treat-
ment: 4n US 35/2 self-sterile multigerm; 4n US 22/3 self-sterile
multigerm; 4n SLC 15 self-sterile monogerm; 4n SLC 31 self-
sterile monogerm; 4n SL.C 91 self-fertile monogerm inbred line;
and 4n monogerm male-sterile equivalent of SL.C 91.

The following diploids were also used: 2n SL.C 15 self-sterile
monogerm; 2n SL.C 91 self-fertile monoeerm inbred line: 2n F,
or S, population from hybridization of self-fertile 2n SLC 91
monogerm to 2n US 35/2 multigerm (Table 1).

The following tetraploid hybrids were obtained by hybrid-
ization:
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(a) F,, F. (sib), and F. open pollinated between 4n sell-sterile
SLLC 31 monogerm and 4n self-sterile US 35/2 multigerm, b,
crosses between F, to monogerm parent, and b, crosses between
I, to the multigerm parent US 35/2.

(b) F. (sib) and F, open pollinated and b, between 4n self-
sterile SLC 31 monogerm and 4n self-sterile US 22/3 multigerm.

(c) F,, F. (selfed F,) and F. open pollinated and b, between
4n self-fertile SLC 91 monogerm and 4n self-sterile US 35/2
(Table 1).

To obtain F, hybrids about 30 plants in a corresponding
monogerm population were pollinated (by exchanging pollinat-
ing bags) by the pollen of the same number of plants taken at
random in a multigerm population. The authenticity of F,
hybrids was controlled by the type of fruit. During the pro-
duction of all following generations and backcrosses, conditions
providing for random reproduction were observed. In all back-
crosses within self-sterile beets I, hybrids were used as the female
parent. In sib-crosses 2 sister plants from the same F, family
were crossed. By selfing, the plants were self-pollinated (bagged).
F,. F,, and F, tetraploid hybrids between self-sterile beets and
self-fertile SLC 91 were highly self fertile and selfed seed was
obtained without any difficulty. In self-fertile beets tetraploid
male-sterile plants equivalent to the tetraploid SL.LC 91 were
used as the female parent to obtain F. seed, which was used only
for testing the F, and backcross hybrids SI.C 91 x US 35/2.

A test of tetraploid F, hybrids between monogerm male-sterile
SLLC 91 and US 35/2 and monogerm self-sterile SLC 31 x US
35/2 was conducted under the numbers 17-1 and 17-2 (Table 1).
Each of these F, hybrids was planted in 20 replications, each of
which occupied one row of a two-row plot (entry number 17-1
and 17-2). These hybrids were similar in sugar and in yield.
For analysis of variance both rows of entry number 17 were
calculated as were all other entries which had two-row plots.
Mean percent sucrose and mean weight of root for each of the
mentioned F. hybrids were given on the basis of analysis of
20 one-row plots.

All the basic parental or hybrid populations, e.g., the F, 4n
SLC 91 X 4n US 35/2, were grown for seed in isolation plots.
To control possible chromosome deviations in every tetraploid
population, seed was harvested [rom individual plants and in-
dividual proeenies were planted in separate plots. Cases with
noticeable chromosome disturbances were not observed in this
“xperiment.



Table 1.—Origin of sugar beet populations and code number of entries.

Code number Number of
of entry Population chromosomes

18
19

17-2

b

6
7

16
17
11
12

13
15
14
20
8
9

10

Do D e

Series A—Tetraploid hybrids between self-sterile monogerm SLC 31 and US 35,2

Population ol monogerm self-sterile tetraploid SLC 31 36
Population of tetraploid US 35/2 36
F, hybrids between monogerm SLC 31 and US 35,2 56
Sib I, pregenies between monogerm SLC 31 and US 35 /2 36
Open-pollinated F, progenies between monogerm SLC 31 and US 35 /2 36
Backcross F, to monogerm parent SLC 51 36
Backcross ¥, to US 35/2 36
Series B—Hybrids between self-fertile inbred line SLC 91 monogerm and US 35 /2
Tetraploid inbred SLC 91 monogerm 36
Tetraploid ¥, MS monogerm hybrid SLC 91 X US 35/2 36
Selfed S, tetraploid hybrid progenies (F,) between monogerm SLC 91 and US 35,2 36
Open-pollinated F, progenies between monogerm SLC 91 and US 35 /2 36
Backeross I, to monogerm parent SLC 91 36
Diploid inbred SLC 91 monogerm 18
Selfed S, diploid hybrid progenies between diploid SL.C 91 and diploid US 35 /2 18
Triploid monogerm hybrid between diploid MS monogerm SL.C 91 and tetraploid US 35 /2 27
Series C—Tetraploid hybrids between self-sterile monogerm 31 and US 22/3
Sib F, progenies between monogerm SLC 31 and US 22/3 36
Open-pollinated F, progenies between monogerm SLC 31 and US 22 73 ; 36
Backcross progenies I to monogerm parent SLC 31 36

Series D—Diploid and tetraploid populations originating from SLC 15 sell-sterile monoger

Open-pollinated population of diploid SLC 15 monogerm 18
Open-pollinated population of tetraploid SLC 15 monogerm 36
Open-pollinated population of tetraploid SLC 15 monogerm 36

Symbol

P
P
¥
F, Sib
(US 35/2)
I, open
pellinated
F, to P,

R, to P,

1
a
1

P

MS F,

I, 91 selfed
F, 91 open
pollinated

F, to P,
Diploid inbred
Diploid S,
MS rtriploid

F, Sib

(US 22/3)
F, US 22/3
open pollin.
F, US 22/3
o F,

m

Diploid 15
Tetraploid 15
Tetraploid 15

089

L4 'S S Y dHL 40 TvNunof



Vor. X1, No. 8, January 1962 681

Because seed of individual plants was tested separately, vari-
ability in different replications within a population was caused
by environment and by a sampling variation of progenies com-
posing a given population. Therefore, the number of replications
for each population was increased to 20. Some populations (2n
and 4n inbred SLC 91, 4n self-sterile monogerm SL.C 31, 4n US
35/2, triploid hybrid 2n MS 91mm X 4 n US 35/2) were planted
in 20 replications with seed of the same sample. The experi-
ment was conducted at the Salt Lake City Station of the USDA.

Experimental design and analysis of variance for
mean weight of rool and sucrose percentage.

Twenty populations were planted in two-row plots doubly
grouped into 20 replicates (Latin-square design) (Table 2). In
each plot 50 plants were expected; in every population or block,
1000 plants (20 X 50) were expected. A total of 20,000 plants
were expected in the experiment. In fact, 19,452 plants were
actually harvested.

Mean percent sucrose for each plot was calculated from two
samples containing 14 beets each. Mean weight of root for every
plot was estimated by dividing weight of root from the whole
plot by the number of plants in this plot.

Analysis of variance shows that population differences were
highly significant for both percent sucrose and weight of root
since the F ratio was 10.7 for percent sucrose and 11.9 for weight
of root. These ratios are larger than the corresponding F value
at the 19, point (Table 2). The F ratio between rows was small
and not significant. The F ratio between columns was only one-
third as large as the corresponding ratio for population but still
significant and equaled 3.1 for weight of root and 5.6 for percent
sucrose.

The value of the LSD for the weight of root equals 0.3066
pound at the 5%, point and 0.4037 pound at the 19, point. For
percent sucrose the value of the LSD will be correspondingly
0.523 percent and 0.6897 percent.

The values of the LSD for the weight of root and for percent
sucrose do not differ essentially from the value of the least sig-
nificant ranges or Duncan’s new multiple range test, LSR. For
the weight of root, at the comparison of two adjacent values of
populations’ yield, I.SR equals 0.31, for 5 populations LL.SR equals
0.34, for 10 populations 0.37, for 16 populations 0.38, and for
20 populations 0.38 pound. Thus, even for the weight of root,
the maximal value of LLSR exceeds the value of LSD by 0.0754
pound only. For percent sucrose the value LLSR equals 0.52 for
2 populations, 0.59 for 5 populations, 0.62 for 10 populations,
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Table 2—Mean squares, degrees of [reedom and sources of variation in analysis of variance for mean weight of roots in
pounds and for percent of sucrose in sugar beets.

Degrees
of

freedom
- Total 399
Between columns 19
Between rows 19
Between populations 19
Residual 542

Mean root weight (pounds)

Sum of
squares
161.0760
14,3485
8.5805
55.0363
85.1107

Mean

squares

0.7552
04516
2.8966
0.24350

Variance

ratio F

3.1078

1.8584
11.9202

Sucrose percent

Sum of Mean Variance
squarcs squares ratio F
189.3644
76.0479 4.0025 5.6448
26.0929 1.9368 0.8320
144,7259 7.6172 10.7425
242 4977 0.7091

Table 3.—Sucrose and weight ol root in sugar beet strains in diploid and tetraploid self-sterile SLC 15 monogerm and in
diploid and tetraploid self-fertile inbred SLC 91 monogerm.

SLC 15 monogerm self-sterile
Early-maturing progenies
Late-maturing progenies

Progeny differences

SLC 91 monogerm self-fertile inbred

Variety difference

LSD
MSD

Diploid
_W_ciéht % Sucrose
(pounds) (percent)

27420  13.7400

2.1030
0.6390

0.3066
0.4037

15.9550
0.2150

0.5238
0.6897

Tewraploid
Weight ~ Sucrose
(pounds) (percent)

5.0790
2.7640
0.3150
1.9215
1.1575
0.8425

15.6700
13.7900

0.1200
14.0300

0.3600
0.2400

Difference of ploidy levels

"~ Weight
(pounds)

- 0.3370
+ 0.0220

—0.1815

Sucrose
(percent)

— 0.0700
-+ 0.0500

+0.0750

|9

I8
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and 0.64 for 16 populations. For 20 populations LSR equals
0.65 percent sucrose, while LSD equals 0.52 percent.

Experimental Results

Sucrose and weight of rcot in monogerm diploid and
autotetraploid self-sterile and \(’1’[ fertile
populations

Many tetraploid beet populations in the first generation after
colchicine treatment showed, according to European data, a
lower weight of root than the original diploids (35, 43, 73, 74,
86). The tetraploid components of the polyploid variety “Poly-
Beta” showed a lower weight of root than diploid and triploid
components of the same variety (37).

Variation of percent sucrose and weight of root in two mono-
germ strains obtained by colchicine treatment and propagated
l)y different matings (self-sterile population SLC 15 and self-
fertile inbred SLI.C 91) were studied in this experiment (Table 3).
Plants composing the tetraploid population SLC 15 differed
widely in the time of flowering, therefore, they were divided into
two groups (each one containing an equal number of plants)
according to the time of flowering. Seed was harvested separately
from the plants of each group.

Doubling the chromosome number did not modity the per-
cent sucrose in the self-fertile SL.C 91 inbred or in the self-sterile
population SL.C. 15. Both diploid and tetraploid self-sterile pop-
ulations SLLC 15 are characterized by a higher percent sucrose
than the multigerm tetraploid US 35/2 and US 22/3 popula-
tions (Table 3).

Diploid and tetraploid inbreds of SLLC 91 monogerm also
exhibited the same percent sucrose but were significantly lower
than the diploid and tetraploid self-sterile monogerm populations
of SLC 15 in root weight. In diploids these differences in the
weight of root reached 0.6390 pound and the value of MSD
equaled 0.4037 pound. In tetraploids the difference in weight
of root between two self-sterile populations and self-fertile inbreds
equaled 0.8425 and 1.1575 pounds, respectively. Thus, big dif-
ferences in the yield between self-sterile and self-fertile beets
were maintained after colchicine treatment (Table 3).

In spite of this, several genotypes exhibited different reactions
toward doubling of chromosome number. Diploid and tetraploid
inbreds of SLC 91 do not differ significantly in root weight. A
somewhat different reaction toward doubline of chromosomes
occurred in a self-sterile population of SI.C 15. A diploid pop-
ulation of SL.C 15 did not show noticeable variability in terms
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of flowering within the population, but the tetraploid popula-
tion SLLC 15 was not uniform in terms of flowering, therefore,
we were obliged to test the progeny from early (C,) and late (C,)
maturing plants separately. Monogerm progenies obtained from
late-maturing tetraploid plants did not differ in the weight of
root from the original diploid population of SLC 15. Tetraploid
progenies obtained from early-maturing plants exceeded sig-
nificantly in weight of root the original dlpl(}ld population SLC
15 by 0.3370 pound (Table 3).

In such a way different genotypes from the same diploid
population reacted differently to chromosome doubling. There-
fore, it is not accidental that chromosome doubling causes a
different reaction in different varieties relative to increase or
decrease of weight of root. The effect of tetraploidy may be
neutral, positive, or negative in different varieties. Different re-
actions of individual genotypes within a species to chromosome
doubling is known also in other crops. For instance, in flax
tetraploid races of the linseed oil type greatly increased their size,
whereas the tetraploid races of the flax type decreased their size
in comparison with corresponding diploids.

It may be theoretically expected that differences in size (con-
sequently, in weight) between related diploids and tetraploids
may occur in connection with the number of propagations of
tetraploids. When a self-sterile panmictic population is pro-
pagated for several generations, the weight of root of its com-
ponents may change from generation to generation and this
appearance may be explained by the fact that equilibrium in
different genes is not reached simultaneously in diploid and
tetraploid populations.

A random mating of two mixed diploid panmictic popula-
tions, each horrm?quh in one allele, will always give 509
homozygotes and 509, heterozygotes. In the same mixed tetra-
ploid self-sterile panmictic populations, only one generation will
consist of 509}, homozygotes and 509, heterozygotes. In succeed-
ing generations the percent of heterozygotes will increase and
the percent of homozygotes will decrease as follows: 509, 22.297

15.43%,, 13.44%, 12.81%, 12.60%, etc. (29). The number of
homozygotes is rapidly reduced during the first generation and
slows down until the stage of equilibrium is '1ppmac.hed.

Equilibrium in tetraploids does not occur simultaneously
for different genes because different genes exhibit different ratios
in tetraploid segregation (chromosome and chromatid segrega-
tion). The rate of the approach to equilibrium is two-sevenths
per generation for random chromatid segregation and one third
for chromosome segregation (44).
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Because many heterozygotes in beets, as in other self-sterile
species, have selective ad\unuaoc (12,13, 14, 41, 42y, fresh tetra-
ploids  propagated for s(\(mﬂ gencrations may improve thelr
vigor and  productiveness.  Rasmusson (73) reported  on this
appearance by propagation ol tetraploid beet populations,

In tetraploids under random mating, equilibrium is reached
when gametes are produced in the proportion of n*AA:ZnAa:laa
and the proportion of zygotes equals 2P AAAN D AA A Gn?A Aaa:
4nAana:laaaa, where n is a ratio of dominant o recessive allelo-
morphs (29, 44).

Some other characters in beets show a more or less identical
reaction when diploid strains are transformed into tetraploids,
differing in percent sucrose or weight ol root. This may be
caused by the increase in the vohume of the nucleus and the
cell, a phenomenon manifested in heet retrzzploids as well as in
tetraploids of other crops. Therefore, tetraploid beets develop
larger pollen grains than diploids (19, 79). Tetrapolids and
triploids have more chloroplasts in stomata cells (6, 7. 62). The
size of tetraploid multigerm and especially monogerm fruits is
also much larger in tetraploids than in diploids.

Contrariwise, some other characters in tetraploids show a
diminished size when compared to diploids. For instance, retra-
ploid beets devclop shorter petioles, the seedstalks are shorter,
although the stalks and leaves are thicker; the root in tctmplmd
does not branch as much as in diploids (therefore, the shape
of the root is often better in tetraploids). Percent sucrose and
welght of root are not characters showing identical reaction in
all genotypes when turned into tetrap loids. Interactions between
percent sucrose, weight of root, and the level of ploidy are
different for different genotypes in beets. Moreover, such inter-
actions may change under different environment, which explains
the relatively different productiveness of polyploid varieties in
conmparison with d iploids in Furopean countries, countries which
differ in temperature and humidity (27, 28, 36).

The effect of chromosome doubling in corn is different he-
tween varieties and is unpredictable for several metric traits.
In spite of this, the size of cell, pollen and earliness always show
the same type ol alteration caused by chromosome doubling (72).
Differences in the manifestation of quantitative characters as a
consequence of a reaction of a genotype toward chromosome
doubling was observed also in tomatoes (16, 17) and in many
other crops (40, 65, 66, 86, 89). Genetic cause of the difference
in the manifestation of individual characters in different geno-
types and species after chromosome doubling is unknown. T
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are several hypotheses suggesting that the observed differences
are caused by different phylogenetic development of a given
species or races or different ontogenetic development of indi-
vidual chavacrers (17, 85, 40, 65, 66, 86, 84y The different
reaction of individual genotypes and varvieties from doubling of
chromosomes s very important in beets. Further investigations
may give helplul information for detecting sugar beet types
with the most effective reaction to chromosome doubling.

Pevcent sucrose aud yield i hybrids between letraploid

monogeim and multigerm self-sievile populations.
Weight of voot in F, and I, hybrids.

The monogerm sell-sterile p()pul';tion SLC 31 was crossed
to two tetraploid mulugerm populations, US 35,2 and US 22/3.
The tetraploid US 55/ _) showed a higher mean weight of root
(2.8830 pounds) than the monogerm tetvaploid SLG 31 (24860
pounds). Uhe difference in }1(3id etween these two populations
equals 0.3970 pound aund is significanr at the 59, level of
probability (Tuble 4). The difference in sucrose between these
two populations is even morve signilicant because the percent
sucrose in the monogerm tetraploid oxceeds the percent sucrose
in tetraploid TS 35 "? by 1.1700 percent (while 19 ec juals only
0.6897) (Fable 4). Dl Terences in percent sucrose (md i weight
ol 1ot between these (wo tet aplmd parents are as large as thc
differences in these characrers in diploid varieties of different
types {(E and Z types).

The average weight of root of o hybrids berween  these
populations (SLO 7 l and US 35/2) equaled 31235 pnmzd F\
hybrids exceed the monogerm pm.nm} population (SO 8TY by
0.6375 pound with swmh( ance at the 19 level and the rmlltl~
germ population U'S ’»Vx/‘_’ wy 0.2405 pound, which is not a sig-
mh(.zm, difference. .

The calenlated mean weight of voots of the ¥ hybrid s

24860 -+ 2.8830
9

&

== 26810 pounds. 'his value 1s 0.4390 pound

lower than that obtamed in the experimental test.

Hetevosis for weight of voot is well known in diploid beets.
Heterosis has not yet been described for tetraploid heets, how-
ever, in this experiment heterosis in weight of root was observed
also alter hybridization of two tetraploid sagar beet populations.
The cffect of heterosis was costablished also in the hybridizaton
of tetraploid rye populations. The yield of ¥, hybrids in this
case significantly exceeded the yickd of the pavents hy 1849
and 19.8¢0 (61, 65y, In Awniirvhimeon some diploids exhibit
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Tuble 4.—Sugar beet tewraploid hybrids beu\'ccn self-sterile monogerm
strain SLOC 31 and US 35 /4

Code number Mean root Mean
of entry Population weight SUCrOsSe
{pounts) {pereent)
18 Monogerm scll-sierile ST.GC 31-P 2.4860 13,7050
19 U8 85,2 - P, 28830 (
17-2 I, = P,1 X P, 31235
4 I, Sib 2,9240
B} ¥, open poliinated 2.7995
G Backeross F, to P 263740
7 Backeross IY) 1o I 30060
LD at 5%, point 0.3060 0.5238
MSD ac 19 point {4047 0.68497

heterosis. The effect of hetevosis is vepeated also after hybridiza-
tion of analogous genotypes at the tervaploid level (915,

As a rule hererosis in the weight of roor observed in the T
hybrids in diploid beets cannot be maintiped in the I, genera-
gon (81). Hetervosis tn diploid F. hybrids wsually falls some-
where between the I, and mid-parent values.

In connection with manilestation of heterosis in the F, tetra-
ploid self-stevile hybrids, it is important to study weight of voot
i F, bybrids obtained after sibbing or open-poltination of num-
erous IY, hybrid lamilies (Table 4.

The differences in weight of root between Fy and ¥, hybrids
is only 3.1095 pound. which is not significant. F, hybrids similay
to F, showed good yicld, exceeding significantly the weight of
root in the monogerm pdmm by 0.4380 pound, The F, 1§b11d
as well as the ¥, hj, wid showed a higher weight of root than
the second tetraploid pavent US 35, ‘), but in both _cases this
excess was not significant.

The observed weight ui root in I, hybrids obtained by stbbing
equaled 2.9420 pmmd (Table 5. This vield almost cequaled

P4+ P, o+ 2F
4
= 2.9040 pounds. This formula is used for the caleulation of a
theoretical mean for a genetic model when assumptions are made
for a normal diploid meiosis and segregation ol only those genes
which show an additive type ol reaction (ic., the absence of all
types of non-allelic gene action, multiple alleles, linkage, selection,
and polysomic heredity) (18, 32, 34, H. 58, 68y By using the
above mentioned, or other similay lermulae, 1t Is possible to

the calculated yield, according to the formula
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determine the distinctions in the individual charvacters among
diploid and tetraploid hybrids. However, such distinctions might
be caused by factors other than the dilferences in the type of
reaction of the additive genes, such as the diffevent rate of in-
creasing homozygosity in dxplmd viv,  tetraploid hybrids,

When numerous diploid F, bybrids (obtained from crosses
of different sugar beet genotypes or from the hybridization of
sugar beets to mangels or red table beets) are studied, the cal-
culated xuu:.;ht of root of F, hybrids is always higher than that
observed in experiments. This indicates that in dlplmd beets,
genetic control of weight of root is conditioned wmainly by the
reaction of genes which do not show an additive e type of reaction.

Propagation of tetraploids by sib mating of a few generations
cannot change their genetic structure because genetic structurce
is determined by the natural and artificial selection and by the
method of mating (11, 30, 55, 56, 57, 59). Therefore, F. tetra-
ploid hybrids possess similar genetic mechanism which controls
vigor in all our_bleedmg; bpt(li’s and which is based on selective
admnmge of heterozygotes in polygenic wraits (12, 13, 14, 18, 41,
42). In such a case, differences between observed and calculared
yields in diploid and tetraploid F, or backcross hybrids is con-
ditioned not by alteration of the relative value of heterozygotes
and homo?yg_;otf:s‘ in diploid and tetraploid ¥, and ¥, generations
and by the highly-increased role of additive elements in tetraploid
genotypes, but mainly by the effect caused by propagation of
tetraploid hybrids, ie., by tetrasomic heredity itself. In the
given case this difference was conditioned by slower elimination
of heterozygotes in tetraploids than in diploids.

In diploids, a heterozygous population approaches the hom-
ozygous condition In about ten generations by selfing and in
thirty generations by brothersister mating. In tewaplaids, 10
generations of sib-mating are needed to halve the proportion of
hett‘mzyqotei and 31 gencmtions are needed to reach 90 percent
of homozygosity (1, 31). The following data give a more exact
idea of the proportion of /yonm types in different generations
of an autotetraploid propagated by the sib method (1)

Percent of different types of segregates

Type of zygotes F. T, F, ¥, F, F, F, F,
Simplex and rriplex

(Mm?* and Mom) 00 44 44 49 47 84 15 7
Duplex (M2 m#) 100 50 41 35 31 19 9 4

Homozygotes (M1 and m) 0 56 10 16 22 47 76 89
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The approach to homoszosity in tetraploids is slow. By sib-
mating in the T, only 289 recessives or complete dominants
appear for every locus. Therefore, the elfect of heterosis observed
in I, tetraploid hybrids was maintained at a higher level in the
tetraploid F, population than it usually was in corresponding
diploid hybrids. The effect of heterosis for weight ol roots in
diploid beets is conditioned by genes which usually do not show
an additive type reaction. In tetraploids this reaction of genes
is not “fixed” by sib-mating because of the slow decrease in
heterozygosity.

Another interesting fact observed in the study of yield in
F. tetraploid hybrids was that the weight of root in the F, ob-
tained by sib-mating and by open pollination was practically
the same (Table 4). The inbreeding effect caused by sib-mating
was so insignificant that it did not decrease the yield of roots in
the T, sib population in comparison with the open-pollinated F,
progenies.

The tact that the inbreeding effect by one sib-mating in
etmp oids does not decrease the we eight of root in LOIHp’tIl‘%OIl
with open pollm ation was confirmed also by another tetraploid
hybrid in the given experiment. The same tetraploid monogerm
population SLC 31 was crossed with tetraploid population U'S
22/%. Tetraploid US 22/3 is characterized by a lower weight
of root than tumplmd US 35/2. F. hybrids between SL.C 351 and
US 22/3 were lower in yield than the I, hybrids SLC 31 and US
35/2 (Table 3).

The weight of root in ¥, hybrids obtained by sib-mating of
F, (SL.C 31 » US 35/2) equaled 2.9240 pounds and of ¥. hybrids
obtained by sib-mating of I', (SLC 31 x US 22/3) 2.5205 pounds.
The difference in weight of root between these F, populations
was 0.4035 pounds, w }mh is significant.

Also, the second F, hybrid did not lose yield alter one sibbing
in comparison with the yield of the F. obtained under open
pollination (Table 5). The yield of roots in the F, after sibbing
equaled 2.5205 pounds and the yield of the roots in F, after
open pollination way 2.5755 pounds. Thus, for two different I,
tetraploid hybrids sib-mating used once did not decrease the
vield of root in comparison with open pollination. In diploid
F, hybrids the decrease in yield after sib-mating in comparison
with open pollination was usually observed (81).

Weight of root in backeross hybrids.

Backecross tetraploid hybrids between monogerm and muldi-
germ beets are as interesting for study as the corresponding
diploid hybrids.  Therefore, in all the hybrid combinations



Table 5b—Sugar beet tewraploid
and to US 22/3.

¥, and backcross hybrids between self-stexile

monogerm SLC 31 aossed 1o US 35/2

Mean root weight (pounds)

Mean sucrose (percent)

Il}'biji(—i—f;: SLC 31 monogerm 0

Hybrids: SLC 31 monogerm o

Population Us85/2 US22/3 Differences US 35/2 Us22/8 Differences
¥, sib - 2.9240 2.5205 0.4035* 13.3700 12.6100 0.7600%#
¥, open pollinated 27995 2.0755 0.2240 13.3950 12.6050 0.7900%=
Diffcrence 0.1245 0.0350 o 0.0230 0.0030
Backcross T, to monogerm parent

S1.C 31 2.6370 2.6375 0.0005 13,5550 15.5200 0.0350
Backeross ¥, to muldgerm parent

US 85,2 and US 22/3 3.0069 125630 -
Difference 0.3690% . 0.9900% L
18D 0.3066 0.5248
MSD 0.4037 0.6897
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studied in this experiment, backeross hybrids obtained from
crosses of 1) to monogerm parents, were included. At the same
time only one backeross hybrid derived from I, crosses back to
the multigerm parent was studied (S1.C 31 ¢ US 35/3) (Table 5).

Backeross hybrids to the monogerm parent are ol special
interest because of the possibility of obtaining from them a
“second backeross,” which, according to Fisher (‘?") is extremely
powerful in polysomic mhcumnw. The mmportance of the
“second backceross” Lor polyploids. contrary to backceross diploids,
15 that the fuse backeross in tetraploids does not allow one to
distinguish between the offspring from gametes Ab-aBl and AB-al
The genotypes of such gametes may be recognized by the par
formance of a second bac keross by crossing to a multiple recessive
in two successive generations so that ca(h gamete 15 recognized,
not by the appearance of a single individual, but by a frequency
distribution observed in a family. Besides this, backeross hybrids
to the monogerm parent are important also from the point ol
view of selection for monogerm chavacter because of the in-
creased number of monogerns segregates in comparison with their
number in tetraploid F, hybrids.

The ratio ol mulugerm o monogerm plants in F. tetraploid
monofactorial hyhnd:» niy  be ah,(,ted hy several cytological
varviables (8. 21, 24, 26, 29, 53, 54, 67). This ratio depends upon
chiasma if)rmzition bewtween centromere and the Jocus studied.
Because of 1%101(111 distances between the contromere and dif-
ferent genes (loct). the monofactorial segregation ratio may vary
from $5:1 1 ﬂ, chromosome assorument to ‘f’{)?« i by « chromatid
assortment, The percene oi monogerm segregates in . tetraploid
hybrids (44 monogernn = 4n muhlgenn} anc(l in our experi-
ments within the indicated Lmits. (% special paper will be de-
voted to the inheritance of the monogerm chavacter in tetraploid
heets.)

A backeross to the recessive inereases strikingly the number
ol recessive segregates in the Tollowing generation in comparison
with their number in the Fooo According to Haldane (29), the
vatio of dominants 1o vecessives in the backeross, when different
heterozygous types are crossed with recessive, will change as
follows: by crosses anaa > ANAaa, 5:1; by crosses aaaa >0 Aaaa, 1:1.
A selled tetraploid Fo population will produce only 289, of
homorzygous recessive lines and 22,2070 of hnes %Cn‘rewating in the
ratio 3: 1. Fifty percent of T lines will segregate as the I, popula-
uon, About 0“; of 19, lines will e practically usc?c» for se-
lection of recessive characrers, because they will segregate the
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recessive to dominant plants in the ratio 1:784, or they will be
constantly dominant.

Afrer selling ¥, the ratio of segregation m F, (obtained from
two hom()/yuous lmes differing i two non-linked  dominant
factors) is 9:3:3:1 in diploids. This ratio in tetraploid hevedity
alternates in ¥, to 1225:35:35:1, and in tri-hybrids the rauo will
change to 1 recessive : 45,000 dominants. The best method of
obtaining homorzygotes at both loci in ¥, consists in obtaiming
selfed progenies [rom all I', plants ((111}1110 recessive h()m()/)oolc
for one allele (29). In the cases when it is impossible to sell
F, tetraploid hybrids, the method of sib-mating is usually used;
but sib-mating, low in effectiveness even for diploid heredity,
appears to be 1110}‘}0 tive for tetraploids. In such cases the back-
cross method remains practically the only possible way,

However, our ex pcllm(‘ms showed that the sib-method s
satisfactory for the segregation ol monogerm plants in tewraploids
because all monogerm F, segregates produce Iy sib lines which
do not segregate more multigerm plants. Plants of Mmmm geno-
type d(‘\'cloped multigerm fruits.

A study of the weight of voot in backcross hybrids showed
that hybridization also causes changes in tetraploids. Hybridiza-
tion of I, hybrids (SL.C 31 > US 35/2) with both pareits pro-
duced two backcross populations differing siwniﬁcamly from each
other (T'able 6). The difference in \\ug,hl ol root between them
equaled 0.3690 pound. This difference in weight of root between
two backeross hybrids is caused mainly by a drastic reduction
in yield of backcross hybrids with the monogerm parent. This
backcross hybrid s siuni[i(‘tuntly lower in productiveness than
the F, hylnlds In another )d( keross hybrid from crosses to multi-
germ US 35/2 the weight of root equaled 3.0060 pounds. This
vield differs msignificantly from the yields of the I, h\«l)xi(l
(3.12“‘7 pounds), the T, hybrid (2. ‘)‘)4() pounds), and the back-
cross recurrent parent US 3579 (2.6%‘.,() pounds). At the same
timme, weight ol root of this backcross hybrid significantly exceeded
(at the 19, point) the yield of the monogerm SLC 81 parent (the
difference equaled 0.5200 pound).

In tetraploid sugar beet hybrids not only the observed yield
ol roots in F, but also the observed yield of roots in both back-
cross hybrids docs not differ from the calculated yield of roots
(Table 6). Howcver, even in the presence of this interrelation
between observed and calculated values, there 1s no reason to
think that weight of root in tetraploid beets increases significance
of genes causing the additive type of reaction. This problem
is highly important because the presence ol additive types ol



Table 6.—Mean weight of root in sugar beet tetraploid hybrids between self-sterile SLC 31 monogerm and US 35/ 2.

Calcu-
Observed lated
- Population mean mean
Hybri-.("ls.SI..(; 31 X F
US 35/2:
Backceross I to
monogerm SLC 31 2.6570 2.80475
Backcross F, to
multigerm US 35/2  3.0060 3.0085
F, SLC 31 X
US 35/2 3.1235 2.6845
F, SLC 31 X
US 35/2 (sib) 2.9240  (a)2.9040
(b)2.8215
P, SLC 31 monogerm  2.4860
P, US 35/2 2.8830

Dilference

between ob-

served and

Formula to which weight of

calculated root was calculated

0.16775 P, +F, L V@EP) + @F)
; ST

0.00275 P, + F, + V(@Ep.)? + GF)2
; oo

0.4390 PR e VSRR G
2 1

0.0200  (a)

V0.5 (3P)2 + 0.5(SP,)2 + (SF.)2

0.1025 (b)

4

+ V (3h)? + (3b,)?

4

Signil-
icance ol
differences

Not signif-
icant

do.

Not signil-
icant

do.
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heredity usually indicates that the given character may be fixed
i the homozygote in the lollowing generations by sclhng.
Stabilization of vickd 1o the following eenerations at a higher
level 1s conditioned, as it was indicated, by the peouliarities ol
polysomic heredity., On the other hand, yiclds obsevved i I
and F, temraploid hybrids will decrease velatively slowly in the
folfowing four generations by sibmating because ol delayed
segregation of deletevious homozygotes,  In these {our generas-
tions by sib-mating the percent of homorsygotes will not exceed
120 It means that there will be only one half the homozygotes
appearing in the diploids after one selfing.

Percent sucvose in hybrids.

The monogerm selfsterile tetraploid SLO 31 significantly
exceeds in percent sucrose the tetraploid US 35/2 (Table 4).
Iy hybrids berween these two tetraploids showed intermediate
sucrose.  The percent sucrose in ¥, hybrids was 12,9450, which
differed only slightly from the mean pereent sucrose of the
parents (13,1200 (Tables 4 and 7).

In T. hybrids, obrained by sib-mating, the percent sucrose
was a little higher than in the Foand equaled 13.5700. However,
this difference in percent sucrose between F,oand Fy, equaling
0.42509,, does not reach the 59 point of significance.

In such a way the peveent sucrose obtained in IY tetraploid
hybrids (13.37009,), as well as the percent sucrose in I, hybrids
(12.945097), does not differ sienificantly from the mean sucrose
of the parents (1312009, A similar type of inheritance of
percent sucrose was often observed in diploid sugar beet hybrids.
In diploid hybrids, which show almost the same percent sucrose

3 ! 3
in ¥, F,, and the middle ]’)ﬁT‘G]"}tLg;ﬁ . the backeross

hybrids derived [rom crosses to both parents differed very much
from cach other. This has been shown for many diploid hybrids
derived from parvents differing in percent sucrose.

The same relationship in percent sucrose 1 pavental strains
in I, F,, and both backeross hybrids is observed in tetraploids
{Tables 4 and 7). In this case, the peveent sucrose in backeross
hybrids to the monogerm parent and in backcross hybrids o the
multigerm parent differed very much. Recurvent hybridization
of F, hybrids to the monogerm population SLC 31, ie., to the
higher sucrose parent, increased the percent sucrose in the hybrids
to 13.5550 (Tuables 4 and 7). This backcross population exceeded
significantly by 0.9900¢/ the other backeross population obtained

g

from crosses to the lower sucrose second parent (Tables 4 and 7).



Table 7.—Sucrose percent in sugar beet tetraploid hybrids between self-sterile SLC 31 monogerm and US 35/2.

Difference
Calcu- between ob-
Observed lated  served and Formula to which percent Signif-
Population mean mean  calculated sucrose was calculated icance
Backcross F 1_“; b e, $ i
monogerm SLC 31 15.5550 13.3250 0.2300 A % V(zp )_ 4 (SF))2 Not signil-
= 5 = L icant
Backcross F, to . P A 18
multigerm US 35 /2 12,5650 12.7400 0.1750 BBy + V(}p_)-’ + (3F,)? do.
9K 1% VK 4
F, SLG 31 = RS e
X US 85/2 12.9450 15.1200 0.1750 P, + P, I \/(2]’,)3 + (3P,)? do.
R e
F, (SLC 31 X e Syl
US 35/2) sib 13.3700  (a)13.0325 0.3375 P, 4P, + F, i \/U h {El’ )- + 05 ()[’ )2+ (3F,)2 do.
1 -4
@)!3.0600 0.5100 b, + b, = V(zb )2 4+ (‘:I) )2 do.
9 & 4
P, SLC 31 monogerm 13.7050
P, US 35/2 12.5350

G061 AH\’ON\’[ ‘QrON TX "TOA
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In these tetraploid hybrids, sucrose observed in both back-
cross hiybrids was very close to the sucrose caleulated according
to the formula where PETCCnt SHCTose of the I, and a (‘orrespond—
ing parent was divided by 2,

The percent sucrose ohserved in the Fo did not differ from
the calculated percent. Percent sucrose was calculated according

to rhe formula-

and equaled 13.06009, which did

not differ significantly from the suerose of 15370097 observed in
F. (Table 7).

Thus, the percent sucrose in tetraploid F,, Fy, and hackeross
hybrids modified in such a way that in any case a deviation could
not be stated {rom the Hmits usually observed in many diploid

In our seli-sterile hybrids, phenotypical differences between
diploids and tetraploids in different generations by sib-mating
were manifested only for weight of root, notr for percent sucrose.

Two F, hybrid combinations and corresponding backcross
hybrids from crosses of ¥, to the NMONOgerm parent were studied.
Both hybrid combinations derived from hybridization of the
same tetraploid population (SLC 31y to multigerm populations
(US 3572 and U8 22/3) differed greatly in percent sucrose. This
diffevence in sucrose of the multigerm parent was cvident also
in ¥, hybrids obtained from sibbing and from open pollination
ol the F,.

Table 8.—Percent sucrose in hybrids between SLC 31 “ US 35/2
and SLC 31 X US 22/3.

F, upen Backcross
F, pollin. Tomonoe-Tomuldi-
Hybrid F, sib ated germ germ

Monogerm SLC 31 X US 85 /2
Monogerm S1.C 31 X TS 22/

120450 155700 133050 133530 123650
........ 12,6100 12,6050 13.5200 J—

Difference L 0.7600 07900 0.0350 e

LSD 0.5238
MSD 0.6897

Hybrids with a higher sucrose parent (US 35/2) showed
significantly higher sucrose. On the other hand, both hybrid
combinations when crossed back to the high sugar recurrent
pavent {monogerm) increased their peveent sucrose,
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Thus, in contrast to comparatively hittle changes in percent
sucrose ov in weight of root in different g_{cncmli(ms of tetraploid
hybrids by propagation inter se, the cffece of hybridization ol T,
with diffcrent varieties or backerosses to different parents is
evident.

Hybrids belween letvaploid self-jeviile monogerm inbred SLC 97
and multigevin Letvaploid popudation US 3572

Weight of root in F_ letvaploid and iriploid hybrids,

It was established by experiments mmpaul) ¢ with those of
H. Savitsky that the seli-fertile terraploid monegerm inbred line
SLC 91 {as well as other tetraploid mbreds), when crvossed to
different en aplmd sell-sterile sgrains, produced sell-fertile ¥, 1,
F., ¥y, and subsequent generations. On the other hand, tetraploid
multigerm varieties US 35/2 and U'S 2273 yemained sell sterile
like their original diploid ancestors.

Thevefore, it is very desivable to incorporate in different
tetvaploid populations the gene of sell fertility derived {rom
the original monogerm beet SLO 101 Only in this way is it
pmsﬂ)le to study the cffect of mmbreeding in different tetr ap md
hybrids because sib-mating shows a very low effect by polysomic
heredity.

In (‘()mparisun with the retraploid selfsterile population US
3572, the tetrap loid inbred ST 91 showed a higher sucrose and
a very reduced weight of root. The weight of root in tclmp} sd
SLO 91 equaled L ()Ol » pounds; the weight of root in US 3572 was
2.8830 pounds. The difference hei\\u'n these two tc“np]oid
strains was significant at the 197 level (0.9615 pound) (Table 9).
lhe %\ eight of roots in 1, 13lmd. between these two tetraploids
was 3.21 %) pounds (Table 9).

These F, terrap sloid hyi)rids betweenn SLOC 91 » US 35/2
exceeded in weight of roet not only the calculated mean \10!(1
of both parents, 24022 pounds, but also the vield of every in-
dividual pavent (Table 9). Thus, heterosis in the weight of root
was observed in IY) tetraploid hybrids,

F, bybrids between SO 91 and US 5572 vielded wmore than
the I'; hybrid between self-sterile populations SLO 31 x US 85/2
Crow (9) and Falconer (18) indicated that an increase in vigor
in hybridization depends on the presence of a large number of
h()!ll()/}u()th recessive loci i the parvents. The manifestation of
higher vigor in hybrids between the inbred line SLC 91 and
US 35/2 than in the hybhrid SLOC 31 with US 35/2 may be ex-
plained from this point of view by the higher number of
homeozygous loct in ST.O 91
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Table 9.—Sugar beet hvbrids between sclf-lertile monogerm inbred line
SLC 8L and US 3572

Code number dlear root Rean
of ulu) Population weight SUCTOSe
VVVVVVVVVVVVVVV “ {pounds}) {;)é’l‘(;’i{t—}» \
A Tetraploid populacons
16 }iﬂ)rul SLO BT monogam - P 1.9215 140300
19 Us 352 - P, 28830 12,3450
17-1 ¥, P.ox P 52135 13,0400
11 F, elfed {5, ) 2.5435 13,1050
12 ¥, open pellinated ) 156550
13 Buckeross F oo P 14.9100
B, {)1} lm( Pupul nmm
15 Inbred SLO 91 monogerm :.1{:3(3
14 SLAC 91 v % TS 85/2 selfed {5 FURES

. Triploid hyhrid

() 2n MS SLC 01 unn X dn L

8D ut 59, point 0.3066 0.5258

3
MSD at 19, point 01047 0.6897

The produ(‘tion of sctl-fertile retraploids miakes possible the
application of inbreeding and the subsequent selection for com-
bining ability at the hlp!md and tetraploid levels. Heterosis i

diploids, as well as in polyploids, remains a central problem in

sugar beet breeding. Therefore. one of the main reasons for
the application ol polyploidy in sugar beet breeding is the pos-
sibility of obtaining hybrid vigor in triploid hybrids,

In many species, a genetic barrier was demonstrated between
dhi pizud and the autotetrap l()ids derived from thent It corn
(71, rye (B1), Lycopersicisn (10, 465 . and Datura stramoniom
() uplous do not cross with tc aplmds or produce inviable
h}blld In beets, lplmds crossed with terraploids casily when
planted together and vice versa

Peto and Boyes (691 first indicated in 1940 that triplotds had
an advantage over diploids. Later this advantage was noticed in
almost all the investigations in different countries (27, 35, 36, 87,
60, 83, 87, 92). Knapp (35) states that “Generally speaking,
however, there can be no doubt that, in the fivst place, triploids
Are superior h<~t!'1 to diploids and to tetraploids.” Knapp considers
that doubline of the chromosonie number in terraploids disturbs
the physiological harmony inherent in the genetical constitution
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of the diploids. On the other hand, according to Knapp, an
increase in the number ol genomes in wriploids makes possible
an additional heterosis effect. Tt 1s more diflicult {or the breeder
to obtain teoraploid strains than diploids having the same per
lormance. In principle, however, this must be possible, and 1
probably will be only a question of time as to when such tetra-
ploids will be created.

It this experiment only one triploid hybrid with the same
gene pool as the diploid and tcl‘mp loid hybrids (SL.C 91 > US
35/2y was studied. This triploid hybrid differed from ¥, tetra-
plmd hybrids in that the female parent involved in hybridization
was the diploid inbred SLC 91, Triploid hybrids showed the
greatest root weight in the experiment (3.2180 pounds) and
also a high sucrose percent (131850} (‘Table 9). T he monogerm
triploid produced a significanty higher yield than the higher
yielding parent US 3572 (difference of mean 0.3350 pound)
and showed at the same tine a significandy higher percent su-
crose  (difference of mean 093000}, "I"l‘wrclmc, for the same
gene pool, the triploid level favored in these beets a beteer
expression ol the polygenic balance of sucrose and reot weight
than the corresponding tewaploid level,

The genetic structure of hetevorygosity is dissimilar in diploids
and tetraploids. A\ diploid may have for cach allele only one
type of heterozvgotes (Aa). A retraploid has three diflevent kinds
of heterorygotes for cvery locus, dcpcndm& on the number of
recessives and dominants i the 7ygote: wiplex: AAAa, duplex
Aldaa, simplex Aaaa.

In beets, at many loci, these relations are still move complicated
because of the presence of multiple alieles which are already
known for several beet characters, Tn such a case, lor instance,
tn the wiplex, all three dominant genes belonging o one Jocus
may be represented by three different genes of one multiple allele.

Triploids for every digenic locus (ie., in the absence of
multiple allele)y will have two types of hererozyvgotes (AAa and
Aaa). In such a way genic balance and interrelation hetween
dominants and recessives m heterozygotes appear to ditler at
different ploidy levels. Something common in the genic balance
of heterozygotes may be noticed in diploids (Aa) &nd in tetva-
ploids (AAaa) only, and only for digenic loci (not for multple

eles). Triploids possess a completely new genic balance for
every heterozygous locus, which is not peculiar to diploid heredity.

Thus, genetic contral of heterosis in triploids is determined
by the action of heterozygotes of different genetic structure,
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namely, AAa and Aaa, which are not identical to diploid
heterozygotes Aa, This constitutes the main difference in physi-
ological significance of gene relations in wriploid genetics in
comparison with diploid and tetraploid heredity.

A shift of diploid genetics to tetraploid may not increase the
level of heterozygosity in F, hybrids derived {rom the same
fines because all hetemvanus loci in diplotds remain the same
in tetraploids. Only by 5pecial selection of tetraploid hybrids
or by the selection of tetraploid lines tor combining ability can
tetraploid hybrids with a higher degrec of heterozygosity than
the original diploids be obtained. Triploid hybrids always possess
a new genic balance lor all heterozygous loci. Triploid heredity
is thus able to modify genetic reaction of the most valuable part
of the genotype in Ilams produced by outbreeding, namely, its
heterozygosity. In other words, triploid heredity nwdxﬁcx the
mechanism which directly controls the phenomenon of heterosis
itsell. Such changes caused by triploid heredity concern intra-
and also inter-allelic reaction of genes.

A shife from the usual genic balance within a heterozygote
itsell, ie., from 1:1 to 2:1, or 1:2 in triploids, may increase or
decrease the genetic or physiological difference in the action of
recessive and dominant genes. By testing for combining ability,
triploids may be selected in which twice as many l)l()(,hum(,dl
substances will be produced for dominant genes in relation to
recessive if compared to their diplowd ancestors. In such cases a
genetic difference in the action ol genes within an allele will be
increased. Difference in the biochemical substances between 2
genes within an allele represents just a factor causing true heterosis
{euheterosisy (13, 14).

Weight of root in F. tetraploid hybrids.

A study of the grade ol depression in quantitative characters
in selfed tetraploids is of great mterest. For this study, F, hybrids
between SLC 91 % US 35/2 were selfed and F. selfed seed ob-
tained (Table ). Mean weight of roots in the F. (5,) hybrids
equaled 2.5435 pounds, ic., 0.67060 pound Im\u‘ than in T,
hybrids from which they descended.

A reduction in yicld by 0.6700 pound resulted after one selfing
ol F, tetraploid hybrids. This indicates that sugar beets are very
sensitive to the alteration of the gracde ol heterozygosity and that
the cffect of heterosis may fal I down cven at a refatively slow
increase of homorzygosity which occurs in S, by eetraploid heredity,

Let us be reminded that by one sib-mating of sclf-sterile F,
hybrids (SLC 31 > UUS 85/2) a reduction of “the mean weight
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of roots in ¥, in comparison with F, equaled only 0.1995 pound
(Table 4). This reduction in yield caused by one sibbing was
so small that it was statistically insignificant. Thus, a negative
effect of very low inbreeding, caused by one sihbing in tetrap Imds,
could not be established significantly, But when the int(‘miry
of inbreeding increased alter one selfing of Letldplmds the differ-
ence between yield in 1) and ¥, (8)) generations was significant,

It is important to trace the degree of depression caused by
inbreeding in S, tetraploids in comparison with the diploids. In
this experiment these were tested along with the ¥. (8,) hybrids
obtained after onc scling ol diploid h) brid SLC 91 to US 35/2
{Table 9).

The yield of roots in diploid 8, hybrids (1.9835 pounds) and
tetraploid S, hybrids (2.5435 pounds) differed significantly, and
both S, hybrids differed significantly from the sib-progeny (2.9240
pounds).

The mean weight of voot in di[ Sloid T, hybrids obtained atbter
one selhing was 0.5600 pound lower than the mean weight of
roots i corresponding tetraploid selfed hybrids. These data
indicate that seling decreases the weight of root i tetraploids
to a higher degree than sib-mating. Such a decrease occurred in
tetraploids to a smaller degree than in corresponding diploid
hybrids.

In sib-mating, as in selfing S,. the degree of modification ol
wcig‘n of root from ¥, to F, in tetraploids is disstmilar to that
in dxpl(nds (Table 10). The same s indicated also by calculated

values for weight of root in F. tetraploids obtained after selfing

+ P, 4 2F,
4

formula, the calculated mean weight of roots must equal 2.8079
pounds. “The weight of roots in 9 tetraplotds observed in this
experiment equaied 2.5435 poun{L The difference between
observed and caleulated yields is not significant {Table 10). In
diploids §, the reduction in yield in comparison to heterosis in
I, s always very noticeable and its significance is euasily proven,
even in the experiments with lower accuracy.

according to the formula According to this

In tetraploids, even by selfing, the inbreeding effect expressed
in weight of roots increases much slower than in diploids. This
is conditioned mainly by the slower increase in homozygosity by
the selfing of retraploids.

Demolition of heterozygotes in selfed tetraploids at random
chromosome assortment occurs in different generations as follows:
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in F—J()()‘jb huem/ymu_s in I, 919, in ¥ 80.59,, in F, -
67449, mn F0056.25%, i ¥ 46.85%. Alter five generations
of sel mg, a (C‘Tlcll)(,!d hybrid population will cury 20.6%, re
cessives, e, almost as much as a diploid population carries after
one selfing. The pmum ol hererozygotes after sell-ferttlization
‘decrcases ina diploid at the rate of 0.5 while in a retraploid be-
cause of random chromoseme distribution this coeflicient equals
only 0.83 for cach genevation (1, 29). By rhis random chromosome
segregation in tetraploids, h(\lem/wnws (hsappcat quite slowly.
This process will be (’spv(‘mlly (duui if complete homozygotes
of aana type ave low in viability or lethal, as may be expected for
many delective recessive genes {\52}.

In random  assortment of  chvomatids, the proportion ol
heteroryeotes by nbrecding will increase vather fast, but also i
this case homozygotes will grow very slowly il compared o
diploids (26, 54, 77). With maximum chromatid segregation
only 4.69, vecessives will ocenr in Foo (AAAAN, 169 ; AAAa,
2459, AAaa, 4189 Naaa, Y459 aaaa, 4.69) (47).

Toi -

A pure chromosome assorument or a pure chromatid assort-
ment is of vave ocauwrrence lfor the majority of genes. Therefore,
for the majority of genes responsible for the !mcdlmn varkations
ur the weight of root, @ scgreguiion intermediate between these
extreme types must be expected.

It 15 important Irom the practical poin' ol view that tetrasonic
inheritance modifies the signilicance ol a different type of mating
for the weight of root as \\CU as for some other characters. Selling
applied to inbreeding produces almost the same effect as sib-
mating i diploids. Thevelore, tetvaplowdy offers new possibilities
for the alteration of the reproduction system in sugar beet tetra-
plotds. This leads to a re-evaluation ol the effect of the action
ol the gene of sell fertility i the breeding of teoaploids. In
contrast o diploid beets, the use of inbreeding is practically
impossible in the breeding of selfsterile tevaploids (sib-muating
is not effective;. Teis necessary to include the gene of self fertility
in the tetraploid populations destined for inbreeding  (for in-
stance, to obtain menogerm male-sterile strains) with the pur-
pose of making use of heterosis. The gene of selt Tercilivy itsell,
although mﬂuemmu the chavacters in the same way but only
slowly as in dipl mds does not produce in the fivst generations of
mbinu ing such a negative effecr on vigor ol tetraploids as in
diploids lhcxcfozc tetraploid inbreds in the same number of
imbred generations are olten more vigorous than umupondnw

diploid Tnbreds of the same gene pool Therefore, it is possible
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to use in the breeding program more tetraploid than diploid
mbred lines.

The rate ol incrcase of homorygosity in tetraploids may be
accelerated by backerossing to parental homozygous inbred Jines.
In the backeross of a tevaploid ¥, bybrid with an inbred line,
homozygosity increases faster than after segregation in an S,
tetraploid. Therefore, when I, hiybrids were crossed back to the
monogerm inbred line SLOC 91, a decrease in yield was greater
than in the S, generation (Table 10). In a population obtained
alter such a backeross, the mean root weight was 0.5000 pound
lower than in the S, and 1.1700 pounds lower than in the F.
A large decrease in yield of backcross hybrids with inbred lines
showed that the phenotypical expression ol certain homorzygote
alleles in tetraploid beets can be even greater than the same
effect in diploid beets.

For the improvement of selfsterile diploid sugar beets at the
majority ol the breeding stations, sib-mating is lavgely used; sell-
fertile beets are not wsed in many cases because of too large a
depression caused by inbreeding and the necessity of developing
male-sterile equivalents. Tt it more convenient to use selling in
a breeding program with tetraploids because the bagging ol one
plant excludes crossing. After & to 5 generations of selfing, tetra-
ploid mbred lines m'cApropzlgared, as well as diploids, in isolated
plots where tetraploid plants may intercross within an inbred
line, a method also used [or the propagation of diploid inbreds.
Similar to sugar beets, tetraploids in other species also showed
better vesistance to the inbred depression. Tor instance, tetra-
ploid self-fertile lines of rye did not reach their maximum value
ol depression fall. even alter 10 generations of selling (91, 52).

Percent sucrose in hybrids.

Tetraploid moncgerm inbred line SLC 91 is higher in sugar
than the teoraploid US 35:20 The difference in percent sucrose
between these two strains cqualed 1495097 and was highly sig-
nificant (Table 9).

The calculated miean percent =~ for both parcents
was 13.28259 . Percent sucrose actually observed in ¥, hybrids
was a lirele Jower than che calculated sucrose of the mean ol the

parents (13.04009).

The caleulated sucrose of the middle parent in diploids is
aoften close to the sucrose observed in ¥, hybrids derived from

T

crosses of high- and low-sugar parents (81). Usually S. to S, Tines



Table 10.—Mean weight of roots

in sugar beet wewaploid self-fertile populations.

Difference

Calcu- beoween ob-
Observed lated  served and Formula to which weight of Signil-
Population mean mean  calculated root was calculated icance
¥oOSLC 91 ;
X US 352 3.2185 21022 0.8115 L R VA TN S I Signil-
I N feant
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produced from selfing of such F, hybrids showed a somewhat
higher sucrose but lower yield. The same was observed in F. (S;)
tetraploid hybrids (Table 9).

In our tetraploid hybrids obtained by selfing, sucrose observed
in F, (S,) was somewhat higher when compared with the F,
generation but was not significant (Table 9). A big increase in
sucrose was observed when F, tetraploid hybrids were crossed
back to the monogerm inbred line SLC 91; the backcross hybrids
showed 14. ‘)100% sucrose. They had the highest percent sucrose
in the experiment and differed swmﬁcmtly from F, and F.
hybrids (Table 9). Next highest in sucrose percent was a diploid
S, hybrid (14.37509,) (Table 9). The difference between sucrose
of diploid and tetraploid populations was significant at the 5%,
level (0.5350%). In this way, hybr idization and further selection
in later generations of hybrids make possible the development of
high-sugar tetraploid lines.

Discussion and Conclusion

A study of percent sucrose and yield in autotetraploid sugar
beet populations showed that tetraploid and triploid strains open
new possibilities in sugar beet breeding. These possibilities are
provided not only by alteration in sucrose and weight of root
caused directly by chromosome doubling, but also by the shift
from diploid heredity to tetraploid heredity. As a consequence,
in autotetraploid sugar beets carrying the same gene pool as
their diploid ancestors, percent sucrose and weight of root modify
differently under different types of matings than in their diploid
ancestors,

Initial changes of percent sucrose and weight of root
after doubling of chromosomes by colchicine.

Individual characters of sugar beets respond differently to
doubling of chromosomes. Several characters, such as size of seeds,
buds, and flowers, length and thickness of petioles, thickness of
leaves, and height and thickness of seedstalks always show the
same tendency to change their manifestation in different tetra-
ploid populations and varieties, although the grade of such alter-
ation is not always of the same order.

Percent sucrose and weight of root do not manifest a uniform
response when diploids are turned into tetraploids. In comparison
with the genetic structure of diploids, percent sucrose and weight
of root may increase, decrease, or remain at the same level. Mono-
germ self-sterile and self-fertile strains studied in this experiment
did not show a definite tendency in the changes of percent sucrose
influenced by the alteration of the chromosome number.



706 Journan or v AL S S BT

Weight of root in individual progenies derived from the
same self-sterile population reacted diflevently to chromosome
doubling. Weight of rcot of fresh tetraploid populations may
rise because of the aungmentation of the pereent of heterozygotes
in following gencrations due to panmixing mating.

Secondary changes in yield and sucrose in letvaploids
cansed by « I{f(’?(’!iz‘ kinds of wating.

Independent of the initial changes in percent sucrose and
weight of root which occurred after chromosome doubling, these
characters will change in the following hybrid generations differ-
ently in diploids and tetraploids, Differences occurring in diploids
and tetraploids during their propagation are not similar and
depend on the methods used for propagation of diploid and tetra-
ploid hybrids (%il)bi)‘lq, selling, backevossing, open pollination),

Wetght of root is much re duced in d plm( s alter inbreeding.
In tetraploid hy brids these changes could not be established afrer
sibbing. The decrease in v igor and m weight of root in T, hybrids
is much lower in tetraploids than in dip I(nds after selfing. Tetra-
ploids are more resistant to inbreeding than dlpl()ldb which is
manifested by a lower reduction of their vigor and yield. There-
fore, sib progenies show the same yield as progenies obtained
atter open pollination.

Favorable genetic reaction of increased heterozygosity, which
increased vigor and weight of voot, was established in tetraploids.
As a consequence, heterosis in the weight of root was shown in
F, tetraploid hybrids. THeterosis was established by hybridization
of self-sterile monogerm tetraploids with muldgerm tetraploid
populations, and also by the hybricdization of male-sterile mono-
germ inbreds with the same multigern population.  Heterosis
observed in I, tetraploid hybrids could be maintained at a much
higher level in the F. generation than in diploids. .

The highest yield of roots and high sucrose were observed in
male-stevile monogerm triploid hybrids.

The additive type ol reaction ol genes is more Important
for percent sucrose than for weight of reot, the maximunm ex-
pression of which is determined by the prewn("«’ ol hetcm?yome%
Percent sucrose increased in many tetraploid hybrids in propor-
tion to increased homozygosity. This opens possibilitics for the
sclection of high sugar hybrid lines. Tewaploid self-fertile lines
and hackcross progenies from hybridization with monogern -
bred parents shiowed the highest percent sucrose obtained in this
experiment.

The experiment showed that sibanating as a method of in-
breeding appeared to be very low in effectiveness in tetraploids.
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I it is desivable to use inbreeding in tewraploids, the gene of sell

lertility must be munpm,md in the tetraploid strains, The sell-
1(1111m gene, originating from monogerm SLE 101 makes pos-
sible the application of m.)u’cdmﬂ in tetraploids

A study ol inheritance of weight of root and of per('cm SUCTrose
in tetraploid hybrids indicated that hybridization causes extensive
changes in these characters in I, and backevoss hybrids. At the
same time, because ol a tewraploid type of segregation, these
hetevogenic characters remain more stable and do not change in
the following generations as much as in diploids.

As was shown in this experiment, tetraploids developed by
application ol different types of mating differed from the fresh
tetraploids obtained by colchicine treatment. Of special interest
Loy polyploid selections arve triploid hybrids because triploid
hybrids po%e%s‘ a new gene halance for all beterozygous locl
Lriploid heredity permits the control of the phenomenon ol
heterosis itscld.
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