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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)2. According to the opinion.s of 
European breeders a better combination of high sucrose and 
yield can be obtained at the polyploid than at the diploid level 
(35). 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) obtai ning 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 line.s along with the economic value (73); c) 
evaluation and selection of tetraploid and diploid parental strains 
according to their abil ity to combine as in triploids (polyploids) 
(88) ; and d) the composition of polyploid varieties from diploid, 
triploid, and tetraploid beets, or obtaining pure tripl oid male­
sterile hybrids (5, 15, 36, 60, 61,80, 82). 

Tetraploidy offers new possibilities in the breeding of li10no­
germ ,sugar beets. Tetraploid strains of monogerm self-fertile 
and self-s terile beets obtained by Helen and V. F. Savitsky de­
veloped much larger fruits with larg'er 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 F2 monogerm segregates showed much 
larger fruits than F2 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 

1 Gene tici st, Crops Rees<lrch Division, Agricultural Research Service, U. S. Departn:ent 
of Agricu lture, Sal in as. California. 

2 Numbers in parentheses refer to l iler;JlUre cited. 
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tile first: TlloJlogcrm tetraploid selUcnile inbreds and a corrcs­
ponding mOllogerm male-sterile equivalent (80, 82) by H. 
S;l\itsky. ;\JonogCrl ll and Illultigcrm diploids and corresponding 
lri- and tetraploid sclf-Icrtik, self-sterile, and male-sterile strains 
have now been p rovided fo r experimental lISC. 

The genetic effect of autopolyploidy conditioned bv the tetra­
ploid type ot heredity was theoretically studied by mathematical 
genetics. However, ge net ic changes occurring in the polyploid 
hybrid populations. evell in the first generations. have not been 
studied experimentally ill bects and have been studied to only 
a small extent in other crops. 

Doubling of th e chromosollle llllmber in sugar beets involvcs 
two types of changes: a) detectahle dlanges of different char­
acters which call he oLserved immediately in the first generations 
after colchicine treatment and which are ca used by doubling' 
of the chromosome se t ; and h ) cham>:es of phenotypic and geno­
typic structure of populations which occu r in the following g;en­
eratiuns which aTe caused by the replacement of diploid 
inheritance with a pol ysomic one . 

Polysom ic j nh cri till1Ce observed in pol vploicls is characterized 
hy several peculiarities absent in diploic! org'anisms. The laws 
of polysomic inheritance differ [rom vfendel's rnles . Gametes in 
a tetraploid plant may calTY more than one representative of 
the same parental gene. Position of th e g'C' nc in th e chromosome, 
the process of pairing. multivalent form:u ion. non-disjunction. 
and chiasmata formation influ ence the type of seQTe~tation in 
tetraploids (8, 20, 21. 24. 2fJ, 29, .'1 .'3, 4.G, 5:l, 63, 77.94, 95). Be­
cause of polysomic mheritance. reaction toward different types 
of matings is not equal in diploid s and tetraploids. The differ­
ence is caused hy slower segTcgation in tetra ploids (l, 2, 23 , 34, 
44, 48, 49, 70, 90). Correlations ca used by linka:tre are also 
changed in tetrap1oids. Differing' from diploids , which have only 
two types of linkage (coupling and repul si()n), tetTapioids possess 
many distinct types of g-ametic series (22. 23, ,r:J4 , 93) . These 
secondary genetic V'ariati ons in tetraploid populations, which 
occur as a consequence of polysomic inheritance, lead to a situa­
tion in which it is reas()nahle to employ. in some cases, different 
methods of breeding' <lnd mat ing than in diploids. It is known 
that te traDloids in certain species chan~led th e ir ()rig'illal type o( 
mating (89). In spite of this. ill the m :1 jor ii )' of outbred species 
such as Saale an:nZr , Brassica . Raj)hanlls . and Kok-sa[!.:hyz, as 
well as in B eta 'lJ 1I1!!'rzris , autntetr;]ploicls maintained olltbreeding' 
; IS a tVDe of m a tin£('. Self sterility in SlHtiH heet au to tetraploids 
derived from self-sterile diploids II'as confirmed in many of our 
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experiments conducted in different environments during the 
last 5 yea rs. 

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, 18,4 1, 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 tc;> 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 monog,"erm and 
multigerm beets were obtained. These populations differed in 
their origin and in the type of mating employed for their 
propaga tion. 

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 th e variation of percent sucrose 
and of weig'ht of root in tetraploid populations under different 
types of matings: hybridization , sibbing, and open pollination. 

Self-fertile tetraploid mono~;~rm inbreds and monogerm se1£­
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 multig;erm ; 4n US 22/3 self-sterile 
multigerm; 4n SLC 15 self-sterile monog:erm; 411. SLC 31 self­
sterile monogerm ; 4n SLC 91 self·fertile monogerm inbred line; 
and 4n monog'erm male-sterile equivalent of SLC 91. 

The following dioloids were also used : 211. SLC 15 self-sterile 
monO~term ; 2n SLC 91 self-fertile mono<!.erm inbred line : 211. F2 
or S, population from hybridization of self-fertile 2n SLC 91 
monOQum to 2n US 35/ 2 multigerm (Table I). 

The following tetraploid hybrids were obtained by hybrid­
ization: 
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(a) F" F" (sib), and F" open pollinated between 4n self-sterile 
SLC ;)1 monogerm and 4n self-sterile US 35/ 2 multigerm, b, 
crosses between F, to monogerm parent, and b, crosses between 
F , to the multigerm parent US 35/2. 

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

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

To obtain Fl hybrids about 30 plants i,n 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 Fl 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 2 , and F, tetraploid hybrids between self-sterile beets and 
self-fertile SLC 91 were hig'hly self fertile and seHed seed was 
obtained without any difficulty. Tn self-fertile beets tetraploid 
male-sterile plants equivalent to the tetraploid SLC 91 were 
used as the female parent to obtain Y . seed, which was used only 
for testing the F, and backcross hybrids SLC 91 X US 35/2. 

A test of tetraploid F, hybrids between monog'erm male-sterile 
SLC 91 and US 35/2 and monog'erm 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 reolications, each of 
which occupied one row of a two-row plot (entry l1umber 17-1 
and 17-2). These hybrids were similar in SUQ'ar and in yield. 
For analysis of variance both r(l 1VS of entry number 17 were 
calculated as were all other entries which had two-row plots. 
'Mean percent sucrose and mean weiQ'ht of root for each of the 
mentioned F. hybrids were given on the basis of analysis of 
20 one-row plots. 

All the basic oarental or hybrid populations, e.g., the F , 4n 
SLC 91 X 4n US 35 / 2, were QTown for seed in isolation plots. 
To control possible chromosome deviations in every tetraploid 
population. seed was harvested from individual plants and in­
dividual pro(Tenies were planted in separate plots. Case.s with 
noticeable chromosome disturbances were not observed in this 
-Pxperiment. 



Table i.-Origin of sugar beet populations and code number of entries. 

Code number Number of 
mof entry Population chromosomes Symbol (jO 
o 

Series A-Tetraploid hybrids between self·sterile monogerm SLC 
18 Pop ulatio n of monogerm seH-sterile tetraploid SLC 31 
19 Population of tetraploid US 35/2 
17·2 F, hybrids between lllonogerm SLC 31 and US 35/ 2 
4 Sib Fz progenies between monogerm SLC 31 and US 35/ 2 

5 Open-pollinated F2 progenies between rnonogerm SLC 31 and US 35/ 2 

6 Backcross F, to monogerm parent SLC 31 

7 Backcross F, to US 35/ 2 


Series B-Hybrids between self-fertile inbred line SLC 91 monogenn and US 35/ 2 
16 Tetraploid inbred SLC 91 monogerm 
17-1 Te traploid F, MS monogerm hybrid SLC 91 X US 35/ 2 
II Selfed S, tetraploid hybrid progenies (F.,) betwee n monogerm SLC 91 and US 35/ 2 
12 Open-pollinated Fz progenies between nl0nogerm SLC 91 and US 35/ 2 

13 Backcross F, to mOllogenn parent SLC 91 
15 Diploid inbred SLC 91 monogerm 
14 Selfed S, diploid hybrid progenies between diploid SLC 91 and diploid US 35/ 2 
20 Triplo id monogerm hybrid between diploid MS monogerm SLC 91 and tetraploid US 35/ 2 

Series C-Tetraploid hybrids between self-sterile monogerm 31 and US 22/ 3 
8 Sib F 2 prog'enies between monogerm SLC 31 and US 22/ 3 

9 Open-pollinated Fz progenies between monogerm SLC 31 and US 22/ 3 

10 Backcross progenies F , to monogenn paren t SLC 31 

Series D-Diploid and tetraploid populations originating from SLC 
Open-pollinated population of diploid SLC 15 monogerm 


2 Open-pollinated population of tetraploid SLC 15 mOllogerm 

3 Open-pollina ted population of tetraploid SLC 15 monogerm 


31 and US 35/ 2 
36 
36 
36 
36 

36 

36 
36 

36 
36 
36 
36 

36 
18 
18 
27 

36 

36 

36 

P, 
Pz 
F1 

SibFz 
(US 35/ 2) 

openFz 
pollina ted 
F1 to P, 
F1 to P2 

Po 
MS F, 
F2 91 selfed 

91 open Fz 
poll ina ted 

F, to P:., 

Diplo id inbred '---' 
o 

c 

MS triploid > 
'" z 

Diploid S, 

r 
o

F2 Sib "1 

(US 22/ 3) i 
F2 US 22/ 3 M 

open pollino >­
enF, US 22/ 3 

to F, 'iF' 
15 self-sterile monogerm tJj 

18 Diploid 15 ~ 
36 Tetraplo id 15 
36 Tetraploid 15 



.:: 

VOL. XI, No. 8, JANUARY 1962 Glli 

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, 411, self-sterile monogerm SLC 31 , 411 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 desi.gn and analysis of variance for 
mean weight of root 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 weig'ht 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 sucro.se and 11.9 for weight 
of root. These ratios are larger than the corresponding F value 
at the I % 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 I % 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 val ue 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, LSR equals 0.31, for 5 populations LSR equals 
0.34, for 10 populations 0.37, for 16 populations 0.38, and for 
20 populations 0.38 pound. Thus, even for the weig;ht of root, 
the maximal value of LSR exceeds the value of LSD by 0.0754 
pound only. For percent sucrose the value LSR equals 0.52 for 
2 populations, 0.59 for 5 populations, 0.62 for 10 populations, 

http:sucro.se


Table 2.-Mean squares, degrees of freedom and sources of vanauon in analysis of variance for mean weight of roots in 	 5: 
'--:pounds and for percent of sucrose in sugar beets. 

Degrees Mean root weight (pounds) Sucrose percent 

of Sum of Mean Variance Sum of Mea n Variance 
freedom squares squares ratio F squan:s squares l'atio F 

Tota l 399 161.0760 489.3644 
Between columns 19 14.3485 0.7552 3.1078 76.0479 4.0025 5.6448 
Between rows 19 8.5805 0.4516 1.8584 26.0929 1.9368 0.8320 
Between populations 19 55.0363 2.8966 11.9202 144.7259 7.6172 10.7425 
Residual 342 83.1107 0.2430 242.1977 0.7091 

Table 3.-Sucrose and weight of root in sugar beet strains in diploid and tetraploid self·sterile SLC 15 1l10nogerm and in 
diploid and tetraploid self·fertile inbred SLC 91 monogerm. 

Diploid Tetraploid Diffel'ence of ploidy levels 

SLC 15 monogerrn self·sterile 
Early·maturing progen ies 
Late·maturing progenies 

Weight 
(pounds) 

2.7420 

Sucrose 
(percent) 

13.7400 

Weight 
(pounds) 

3.0790 
2.7640 

Sucrose 
(percent) 

J 3.6700 
13.7900 

Weight 
(pounds) 

+ 0.3370 
+ 0.0220 

Sucrose 
(percent) 

- 0.0700 
+ 0.0500 

<-; 
0 
c 
;c 
z 
)­
t"' 

0 
"1 

Progeny differences 
SLC 91 monogerm self· fertile in bred 

Variety difference 

2.1030 

0.6390 

13.9550 

0.21 50 

0.3150 
1.9215 
J .1575 
0.8425 

0.1200 
J4.0300 
0.3600 
0.2400 

-0.1815 + 0.0750 
>-!
:z: 
t=i 

>­
yo 

LSD 
MSD 

0.3066 
0.1037 

0.5238 
0.6897 

yo 

t::C 
,.J 



683 VOL. XL, No.8, JANUA RY 19G~ 

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 TOol in rnonogerm. rlijJloicl (lnd 

autotelmfJloid self-ster i le (lnrl self-fertile 


jJofJu.lations 


Many tetraploid beet populations in th e 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 com ponents 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 
by different matings (self-sterile population SLC 15 and self­
fertile inbred SLC 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. 

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

Diploid and tetraploid inbreds of: SLC 91 monogerm also 
exhibited the same percent sucrose but were significantly lower 
than the dipl o id and tetraploid self-sterile mono)2:erm populations 
of SLC 15 in root weigh t. In di ploids 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, bip: dif­
ferences in the yield between self-sterile and self-fert ile beets 
were maintained after colchicine treatment (Table 3). 

In spite of this , several genotypes exhibited different reactions 
toward doubling of chromosome number. Diplo id and tetraDloid 
inbreds of SLC 91 do not differ si~!'I1ificantlv in root weight. A 
somewhat different reaction toward doublinQ' of chromosomes 
occurred in a self-sterile population of SLC 15. A diploid pop­
ulation of SLC 15 did n ot show notir.eable variability in terms 
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of flowering 'within the population, but the tetraploid popula­
tion SLC 15 was not uniform in terms of flowering, therefore, 
we were obliged to test the progeny from early (C l ) and late (C l ) 

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 diploid 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 tetra ploidy 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. '!\Then 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 homozygous in one allele, will always give 50% 
homozygotes and 50 % heterozygotes. In the same mixed tetra­
ploid self-sterile panmictic populations, only one generation will 
consist of 50% homozygotes and 50% heterozygotes. In succeed­
ing generations the percent of heterozygotes will increase and 
the percent of homozygotes will decrease as follows: 50 070 , 22.2%, 
15.43%, 13.44%, 12.81 %, 12.60%, etc. (29). The number of 
homozygotes is rapidly reduced durin~' the first generation and 
slows down until the stage of equilibrium is approached. 

Equilibrium in tetraploids does not occur simultaneously 
for different genes because different genes exhibit different ratios 
in tetraploid segregation (chromosome and chromatid segTella­
tion). The rate of the approach to equilibrium is two-sevenths 
Der generation for random chromatid segregation and one third 
for chromosome segregation (44). 
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Because many as in other self-sterile 
species, hel\T selective 14,41, fresh tetra­
ploids propagated [or IS Illay i111 prove their 
\ igor and prod net i\(~lless. Rasm llSS()l1 (7:n reported on this 
appearance by propagat Lon oj oid beet popllla tion~. 

In tetraploids uncicr randolll equilibrium is reached 
when gametes are produced ill til(' ion of II~AA:2I1Aa: laa 
and the proportion of :4n:AAAa: (jl/"AAaa: 
4nAaaa: Iaaaa, where /I l~ to recessive allelo­
morphs 

Some other characters 111 show a Illore or less identical 

root. 
of the nuclells 

111 as wei 
of tetraploid beets 

larger pollcn (I !l, 79). Tetrapol 
triploicls have more stomata cells 7. 
size oj tetraploid Illull Iy monogenn fruits 1<; 

also much larger in diploids. 

Contrariv"isc. some other characters in tetraploicis SilO\\' a 
diminished size when to diploids. For instance. tetra­
ploid beets develop shorter pctioles, the seedstalks are shorter, 
although the stalks and le;l\(:s are thicker: the root in tctraploids 
cloes not branch as mllch as in diploids (therefore, the shape 
of the root is ohen beller in tetraploids). Percent sucrose and 
weight of root :ue not characters showing idelllical reaction in 
all \\hen turned inLo tetraploids. Interactions between 

of rom, and the level of 
in heets. M oreo"cr. such 

The eHeet or cbromosollw dOli bling in corn is he-
tween varieties and is unpredictable for several metric traits. 
In of this. the sill' o[ cell, pollen and earliness 
the same of a I reralion caused by chromosome dOll hi 
Differences the manifestation of quanlitati\'e characters as a 

of a reaction of a toward chromosome 
observed also in tomatoes (](i, 17) and in many 

6(i, ~(), H9). C;enetic canse 01 the 
Il1 01' illdividual characters in different Q,'Cno­

is unknown. erhere 
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are seyeral cliflercnces 
are caused or a 

dnclopmcllt of 
cihlLlctels (17, The different 

reaction of indi\ idua! 
chrOlllosomes is ill1punanl 

give he! ul nlonnatiol1 for detectillg s1I;':;(lr beet types 
the most. effenive reactioll to chromosome 

Perel'lIl SIICTU.I(, (fllri 

lIWr/O{!,l'U/I {/lui lalions. 

root ill F. ({lid F Irrids. 

selfsLcrile SI.C 

p()Ullds). III 
eyuals (U970 pound and sigllificalH 
probability Crable rile diflen:llcc in Sll(TOSe between these 
lI\'O populatiolls IS e\ell more sigllificanL hecause rhe percent 
suerose in tJlC tetraploid ("xccccb the 
III tetraploid LS U700 (while 

t of roots of t he I': hyhrid IS 

c ,1). 

01 
diH'ercnccs ill tIl c~(' 
types and Z 

The ;llcragc 
ions (SI.C 

percellt sucrose 
. parents arc a~ 
diploid \;lridies 

iletweell thesc 

exceed 111e mOllogcrm palcn!a] population 
HlIld. r, 

.C :\]) 
pound wilh ific:tnce at the ] Ii;) level 

11S hI' O.:!4(F) pound, which IS not a 

~A8GO 
:!.(;tH.:J pounds, filis \;tlllc is OA~\C)O 

lower than thai obtamcd ill Ihe Illclllal tesf. 
Heterosis [or t of root IS II ell kIlO\\'n ill bcets, 

Heterosis has iJeelJ clescri bed lor tel IIow­
elcr, in this heterosis in weight of rool was oh<.;er\"ed 
also after of L\\'U tetra pi (lid heet populations. 
TJ 1(:' cfleet of ileterosis estahlished Iso tile hybridization 

lOllS. rile cd F h in this 
case exceedecl the 01 the 1 
and 1 III ,1 IIlirrliin 11111 SOllie exhihit 
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Table heel tetraploid betwel'!1 self-sterile monogenn 
strain SLC ,II and L'S 

Code numh"I' 

of cnln' Population 


18 ,\lollogcrm sell-,Il'riJc Sl,e 31-P, 2A8fiO 1'],70")0 
19 {'S P 12,;jg')O 

1:')0 
2,92Hl :Ul700 
~,7DfF) I 'U();,)O 

(j F, to 1', 2Nl70 1,L'i;'i;')0 

7 l1a( bT'''' F, to l' 'lOo-GO 12,5(;,',0 

I 1', 

,~) 

LSD 
,\ISD 

0,'100(; O,j23B 
(j,]tU7 0'(;8:17 

heterosis. The effect of heterosis is repc:lted :llso after hybridiza­
at tilt' tetraploid level (fll), 

the \I'eight 01 observed in the F, 
beets canllot be mainLailled ill the F, gCHna­

diploid Fe usually fall~ some-
values, 

In connection with manifestatiun of heterosis in tbe F letra­
ploid self-slerile It is important to swdy weight of mot 
in Fe hybrids after sibbing or openpollinalioll of 1l111ll ­

erous F, hybrid families Crable 

The differences in t 01 rooL between 1', nd F, hybrids 
is only 0.1 !J!F) pOlllld. 'rhich IS not sigllilicallL F hyhrids similar 
to 1", showed good y the 
root ill the lllollOgcrm pound, The 

t or 

well as the FJ \\Tight of rool thall 
the second 
excess was not 

The observed 
equaled ~,~H~O 

btlt ill both .cases this 
iiclllt. 

t of loot inL 
('I able 

the calculated . I (' I P;}c('orclmg 10 11(' ortnu a .....~-.....-.-. -- ­

2.0040 pounds, This formula is Ilsed for the calcllbtiol1 of 
theorel ica I lllean Jor a Illodel when a~SUl1l ptions are made 
for a Ilormal diploid meiosis and 
which sbo\\' an additive type 0\ reaction 
types of non-allelic gene actioll, mull 
and . (H, 'j2, 
above melltioned. or other similar 
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'"\Then numerous (obtained from crosses 
different beet or from the hyhridizatioll of 

table are studied, the cal­
hyhrids is b' than that 

observed in This indicates that in beets, 

OF Tin. A. B.T. 

determine the distinctions In the individual characters among 
and tetraploid such distinctiollS 

be caused by factors the differences in the of 
reaction of the additive genes, such as the different rate of m· 

hOl1lozygusity in diploid ".V. hybrids. 

control of weight of root is conditioned by the 
reaction of genes which do not slim\' an additive of reaction. 

o( uf a kw 

tetra­
which controls 

and which is based on selective 
traits (12, If), 14, lB, 41 

I1'P"PI)('{'~ between observed and calculated 
in diploid and tetraploid or backcross 

alteration of the relative value 
in diploid and tetrapIol(l F, and 

role of additive elements in 
genotypes, but mainly by the effect caused by propagation of 
tetraploid hybrids, i.e., by tetrasomic itself. In the 

case this difIerence was conditioned eliminatioTl 
heterozygotes in tetraploicls than in 

In a 
In 

brother-sister mating. 10 
are needed to halve till: proportion of 

are needed to re;1('h 90 
). The following data 

proportion of zygotic lonsidea of 
oj an autotetraploid 

Type of zygotes 

00 44 4!) ·19 17 '11 15 7 
JOO :,)0 ,11 3:; 31 19 \) 

and Ill') 0 lUi 10 IG 17 76 H!! 
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to tetraploids is slow. sib-
F" only OJ' cOlllplete nanls 
locus. the effect Ol heterosis observed 
hybrids was maintained al it higher level in the 

population than it 

hyhrids. The effect of 

beels is conditioned 


additive lean ion or genes 
because slow decrease in 

Another interesting [act ob~er\'ed in the SI 

hybrids was that the 'weight o{ root 
sib-mating and pollination was 

the same Crable . The efleet caused 
insignificant that it did not decrease the 

Hl with the 

'rhe tact that the in olle 
root in 

with open pollination ,vas confirmed also another 
hybrid ill the given The same tetraploid Illonogerm 

SLC :) I was crossed with tetraploid ion l'S 
Tetraploid US :~ is characterized weIght 

of root than tetraploid l'S F" hybrids between SLC :)1 and 
CS were Jo'wer in tban the Fe hybrids SLC :11 and l'S 

of root 
Y. ,(; 31 X US 
outained 

afrel; one sibbing 
obtai ned uncleI' open 

yield of roots in the F" aft('!' sihbing 
and the yield of the rools in F" after 

pounds. Thus, lor two different F" 
used once did not decrease the 

of root in with open In 
hyhrids the decrease In after si 

with open pollination was usually observed 

vVeight of TOot in bac!:?cYUss hybrids. 

Backcross tetraploid hybrids between and multi ­
beets arc as for CCl1Tcsp(ll1ding 

(lid hybrids. in all the com bi n<t t ions 
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Table beet and backcross between self-sterile monagerm SLC 31 crossed to US 

Differellce 

Barkcross F rtlOllogcrm parent 
SLC !ll 2.{)370 (1,(1350 

parent 
3.0060 12.56,)0 

us 

2.7995 

0.1215 

18.:39t)O 

0.0250 

12.6050 

0.00:50 

to 

0. 
79()(J~ 

2.63,5 

0.3690" 0.9900** 
LSD 0.3066 0.5288 c 
,\ISI) 0.1037 (J.()897 "' 

J:' 

'!' 
~ 

-~ 

-i 
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studied in tilis , backcross hybrids obtained from 
crosses or F to rnollogelln were included. At the sallle 
lime ollly olle backcross deri\(~d inau F, crosses hack to 
the llmltigenn parent was studied (S1.(: is I ('S 

BZ!ckcros.~ J to the mOllog(:TllI parell t arc 01 
interest hecause of the pI of ol)la' them a 
"secolle! " which, according to Fisher is 
powerful in polysomic lIlheritancc. The illlportance of the 
"second backcross" [or poJyploids. to lJackcross 
is that the first backcross ill tetra does not allow OIlC to 

between the Ab-aB and AB-aIL 
by the 

to a multiple 
rccogn 

frequency 
111 a hybrids 

to the BlOllOgenn parcnt are itllportant also from the point o[ 
yiew of selection for monogcnn character because of thc in­
creased number of mOllog-enll in comparison with their 
number III lid Fe 

'file ra t io or lIm 11 10 1l101wgcrm s in F, telraploid 
lllonofactorial hyhrids Ill,ty he affected several 
variables (H. 1, 24, rat io clepcnd~ upon 
eh iasma forma lion hc[\\ccn cell trOJncrc and tile locus stlldiecL 
Because or d iHerCll! riistail(e, het wecn the Cl'lUromCre and dif­
fcrcill tile monofactorial 
from hy cilrolllosome assortment to 
assortllH'IH, The or ITIolloi.:;erm 

(4l1ln I our 
lllent, within the paper \\'ill be de­
voted to llie inherilance of the 11l()lJO;:,CIlll character i.ll l('t ra 

,-\ backcross to the lTCeSSI\(' illere"..,(', strikingly the llllllllwr 
or recessive in the rol gCllcliilioll ill 
"'jilt thcir Ilumber III the Fc-\ccording to Haldane 
ratio of dOlllinants to recc~si\cs ill the ",hell 
heterozygous types are nossed lIith reCeSSlyc. will d'<lnge as 
rollO\ls: by crosses a~!"a >~ :1: by crosses aaaa I: I, 
/\ scHeel F, population or 

lincs and ~~. in the 
01 F lines popula­

U()Il, About F II ill useless [0\ se­
leCliol1 of recessive because they wil 
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recessive to dOlllinant platlts in till' ratio I : 7tH, or they will be 
constantly dominanL 

After selling F 1 , the ratio of segregation ill F (oblained [wm 
t\\'o hOI1lOlygUliS I i ne~ cl illcring i 11 (\I'U llunliuked clominallL 
factors) IS ~J::)::J:] in diploids. This ratio ill tetraploId heredity 
alternates in F" to 122,-)::):")::);"): I, and ill tri-hyhricls the raLlo ,,'ill 
change to I recessive: 4:l,O()() dominants, The best method oj' 
obtaining homozygolcs at both loci in F: consists ill obtai1ling 
selfed progcllies lrom all F plants carrying recessive homozygotes

" lor (Jill' allele (29), In the cases wilen it is impossible to scll 
F" tetraploid hyhrids, the method or sib-Jllating is mually uscd; 
ImL sib·mating, low ill efieclivelless even lor ciiploid heredit.y, 
appears to he illdfecti\(: for letrapioicls. In such cases the hack­
cross method remains practically the only possible way. 

HoweHT, our experiments showed that the sib-mcthod is 
satisbuory for the segrcgatioll or Illonogenn plants in tctraploids 
because all monogerm Fe segregates produce 1', sib lines which 
do not segregate more llluitigerlll plants. Plants of yfll1111lll geno­
type developed Dmltigenn fruits. 

A study of lhe weight uf rool ill backcross hybrids showcd 
that hvbridizalioll also causes clJ;1llg'es in tetraploicls. Hyhridi!a­
tion of FI hybrids (SLC :\1 >( r:S' wilh both parcllts pro­
duced t\vo backcross populations differing significantly hom each 
other Crable 6), Tile dif-IcrCllCC ill \\'(,.'igi1t or roor heLweell them 
equalt'd O..'l(j90 pound. Tl1 i~ cliitcrellcc in "eigln of ]'(Jol belween 
nlo backcross hybrid~ is caused mainly by :t drastic reduction 
in yit'ld or backcross hybrids with the JllOllogerlll parellL This 
hackcross hybrid is significantly lower in prociucti\'elless than 
the F, hybrids. In another ba('k('ro~s hybrid from (Tosses to lllulti, 
germ t'S the weight. or mot equaleel :i,()OnO p()uncis. This 
yield diners insigllificantly from the yields of til(' F, hybrid 
(3.1~g!i pounds), the F, Ilyhricl (~,<J24() pmlllcb), and thc- hack 

cross recurrenl parent l IS (~.HtnO pounds), At the same 
titm, 01 loot oj this hackcross hybrid significantly exceeded 
(at the 1 point) tlte yield o[ the lllollogenn SLC :) I parent (the 

difference equaled O.0~OO pound). 

III tetraploid sugar bed hybrids not only the obsern:d viclel 
oL roots inF2 but also the obsern:d yield of roots in holh hack­
cross hybrids does not dilfer from the calculated yield or roots 
Crable 6). Hml'l'\'er, eyen in Lile presence of tltis interrelatioll 
between obseryed and calculated \~dllCS, there is llO reason (0 

thillk that weight of root 111 tetr;lploid heets increases significance 
ot genes Glllsing the aclclitin' type of reaction, cl'his problem 
is higb I Y illlportam beta use t he presence of addi ti H~ types 01 



Table 5.-Mean weight of root in sugar beet tetraploid hybrids between self·sterile SLC 31 monogenn and 

Difference 
Calcu· between ob· 

Observed lated served and Formula to which weight of 
Population lnean mean calculated root was calculated 

Hybrids SLC 31 X 
US 35/ 2: 

Backcross F 1 to 
monogerm SLC 31 2.6370 2.80475 0.16775 P, + Fl 

2 
:±: V(:~Py + (~FI)~ 

4 

Backcross F 1 to 
multig'erm US 35/2 3.0060 3.0035 0.00275 P z + FI 

2 
:±: V(~py + (~Fl) ~ 

4 

F, SLC 31 X 

US 35/ 2 3.1235 2.6845 0.4390 PI + Pz 
2 

:±: (~P , )2 + (~P2)2 
4 

F2 SLC 31 X 

US 35/ 2 (sib) 2.9240 (a) 29040 0.0200 (a) PI + Pz + 2F1 

4 
:±: VO.5 (~pY + 0.5 (~ PJ 2 + (~ F .)2 

4 

(b)2.8215 0.1025 (b) b , + b" 
2 

:±: (~b . ) 2 + (~bY 
4 

PI SLC 31 monogerm 
p" US 35/ 2 

2.4860 
2.8830 

US 35/ 2. < o 
r 

><Signj[· >­

icance of z 
odifferences 
go 

<......, 
:>­
z 
c 
:>­
;c 
><:Not signif· 

icant <D 

'" "" 
do. 

Not signif· 
icant 

do. 

<.Cl'" 
<Xl 
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11Clcdity usually indicates that tile gi\cn character Illay be fixed 
in the e ill the following' gel1cr~ltiollS by selliug. 

ill the i()llowillg at ,I higher 
peLuliarities 01' 
ohscned ill F 

sl( ill the 
rollowing ions by sih-mal jllg hecause 01 

segregatioll of delelniolls [n these fOllr g-cl1era­
ti()n~ by sib-mat I he percell I es will J10l exceed 
12. It l1leallS that there \\'ill he f the hOll1oly\.!,'otes 
appearing- ill the dipl()id~ AteI' on(' sel 

Pcrcent SlIIlOSe in 

'rile i ficallt Iy 
l'S :FJ/2 (Tallie 4), 
showed intermediate 

was 	1 
sucrose 0[ the 

obtained the percenl s!lcn 
lias a little led l:\'~;7()(), 1Iowcvcr. 
this ditfercnce 111 percent sllcrnsc h('L'I'(,Cll F, and equal 

reach the poillt o[ ifjcance. 

the j)(,lTelll sucrose obtailled ill F:.' tel 
'j, as well as the sU(Tuseill F, 

does not differ rrOlll the mCiln sncrose 
(I:U "\ similar type of inheritance 01 

percent sucrose was often obs{'ITcd ill sugar beet 
In which shfm most the same sucrose 

(1'
Il1 and the middle IXlren , the hackcros 

hybrids derived [rom crosscs 10 both parents cliA'ercd 
from each other. This has been shown 1'01' many diploid 
derived from parents differing in perccllt SllCI'()'ic' 

Thc same reLl! ionslli p in slicrose ill parcilla1 sl rains 
m F" F and bot h backcross is obscrn"rl ill t 

hk, ,1 an<1 Tn this tlie percent Sllcrose m hackcross 
the l1lonOQcnn parell t and ill backcross Ihe 
parent differed yen much. ReClilTCllt 1011 

to r\w m0110il'Crm SLC ~n, the 
sucrose parent. illcn:a~ccl Ihe percenl sllcrOse in the 

to 1'>,)-;550 4 and Til is hack cross exceeded 
tlv by O.9(}Oor;. the othC:l hackcross population obtained 

from crosses to the lower sucrose second parellt (Tal)lc~ 4 and 



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

c 
r' 
X 
~Difference 

Calcu· between ob· Z 
Observed lated served and Formula to which percent Signif· 9 

:;r.oPopulation Iuean mean calculated sucrose was calculated 	 icance 
'---<
;.-

Backcross F 1 to 	 z 
c rnonogerrn SLC 31 13.5550 13.3250 0.2300 F , + PJ ± V(:SP ,)2 + (:SF, )~ l\'o t signi f. ;.­

ica llt -<2 4 	 '" 
...... 
<.0 
0>Backcross F 1 to Kl 

multigerm U S 35/ 2 12.5650 12.7400 0.1750 Fl + P2 ± V(:S pJ2 + (:SF ,)2 do. 

2 4 

Fl SLC 31 
X US 35/ 2 12.9450 13.1200 0.1750 PI + Po ± -V (:SP ,)2 + (:sPJ2 do. 

2 4 

F2 (SLC 31 X 
US 35/ 2) sib 13.3700 (a) 13 .0325 0.3375 P, + p " + F2 VO.S(:SP ,) ~ + O.S (:sPY + (:SF Y do.± 

4 · 4 

(1;»13.0600 0.3100 b i 	 + b2 ± V(:Sb ,)2 + (:S b)2 do. 

2 4 

PI SLC 31 monogerm 13.7050 
P2 US 35/ 2 12,5350 

0> 
<.0 
(), 
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parent wa~ divided ') 
did nut cliRer from 

Ivas ca leu Ia leel 

to which did 

The 
Percelll sucrose 

the •........----;c;c.......,,"-.. and 
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In these hybrids, sucrose observed in hoth back· 
cross llybrids was very close to the sucrose calculated 
to the formula ,,'llt'Te percent sncrose of the F, and a 

not differ Iy from the sucrose or III 

Fe (Table 
Thus, the percent SHcrose in tetraploid F" cU1d backcross 

modified ill such a way fllat in any case a de\'iation could 
not be stated from the limits usually obsened in many diploid 

p, 
hybrid~ in which the sllcrose in F, F" = 

were manifested 
Two Fe hybrid combinatiollS and 

sucrose. 
backcross 

parent were studied.from crosses of F, to the 
combinations derived 

,C ~n) to 
Iy in 

or the 

evident also 
pollination 

Table B.-Percent sucrose in between SLC 'II X US 85/2 
and 5.LC 31 X US 

ated germ germ 

I 'Ulf)bO 12.56:')0 
12.ljO.')O 13.')200 

Difference O.7(iOO 0.7900 0.0').)0 

LSD 0.:')238 

MSD 0.6897 


sucrose 
On 

increased rheir percent sllcrose. 

(US si1ml'ed 
the Olher hane\. hybrid 

the sll~ar recnrrent 
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in cOlltrast to 
slicrose or III 01 nnt in cliJferent 

bv 
/ 

Lion il/ler 5(/, the effect 
d ilferen t variet les IS 

SLC 91 

ro()1 in F~ Inids, 

It \I'as ('stab Iishecl \Iith those of 
!1lol1ogerm inbred line 

when crossed to 
d iffen:lIt produced seH-fertile F J , F 

On the other ham!. 
remained self sterile 

Therefore, it lS rablc to I in different 
Ietraplojd pOpllla lions I gC'l1e or sell derived {Will 

the nal beet SI.C IO!. Only in this way is it 
p()ssihle different tetraploidI() 

hyhrids because effect by 

with the tel oid scHstcrile populalion {'S 
inbred Sf.f: I showed a h sucrose and 

of lOOt. 'rile I of loot 
puunds; the o[ ruol ill l'S ,'F) 

2,RR!10 pOll nds. -]'he difference hetKeen these 
stra i ns was the 1 level L) 
'fhe 

parent 
was observed in 

Fl yielclcd more than 
the Fl SLC:n X ['Sg)/2. 

amI Falcoller (lR) that all increase in 
Oil the presence or a numher or 

rc(cssi\(' loci ill the The mamfestation of 
brids betwccn the inbred line SLC CJ I and 

SLC 1 "ith CS may he ex­
\I(,,\' the I number of 
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Table H.-Sugar lwet between sell-Inti'" monogcrm id)n:d line 
SLC 91 and {!S '2. 

The of sclUcrtilc lids makes hIe the 
application of inlllccdi select i()ll lor COIll­

bill alli] at levels, Hcterosis ill 
di a~ well as in polyploids, lelllaius a Celli ral in 
sugar beet Thcrdon::, one of tl)e maill reaSOllS lor 

the sugar heet breeding the pos­
in I tipl()j([ 

ba !Tier \"as dCTJlOllstra red bel wcen 
derived from thclll, In com 

10, . and S{/illilOllillJII 

tel inviable 

plantcd and \ HC yers;!. 

III 1')40 tila I 

I,ater this advan 

Knapp Slates that "e 
ho\\,eyer, there call be no douht thaI, in Ihe first triploids 
are both to diploids and to letr;l " Knapp considcrs 
Ihat duublinu or II chromosome numher in disturbs 
the inherent in the 

Code numher 
of elll!', 

,\. 

In IIIhru ISLe <)] lll()llOgl'llI1 P 
I') l'S 2 
17-1 '17. 
II 
I "pen 1'0llill:Jled 
IJ Ib, ro,s F. to P, 

Li rIl bn'd SLC !JI 
11 SLC CJl llllli X 

,\lS"LC 91 

g, 

IS 

C. 

IUlli 

\1 call rool 

1.')21") 
2,HttW 
;1.:21 

2./i I ;,;J 
2,01 

2,)0,){) 

I,')f\'\,", 

:\,21 SO 

0,9,001; 
l),iO:{7 

'Jean 
sucrosc 

lUJ'IOO 
1 
I:UJ100 
1:1,1'):)0 
I:Ui:J:',O 
II.'!] 00 

1'l.'):"):,O 
11.'17:',0 

I:,1b,0 

(1.:)2'lH 
(l,IlS!!? 

r,sf) at 

"-II 
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or the On other ilall(\. 
increase in tile lHlll1bcr of gellollles in 
(Ill additional heterosis dlet'!. It 
to ()btain tetraploid strains thall 
lormanee. In ilo",cver. 

will a quest ion 01 t ill1c as to W lell such tetra· 
l! be 

In this willi the sallle 
iSLe (ll lJS 

tetra­
illvohed in hybridi/ation 

was hybrids ,howed the 
1xO and 

l'he lllOllOQ;erm 
thall the h 

anel 

Ll\orcd 1I1 these beels a 
balallce of sucrose ;lI1el loot 

le'eL 

is dis~imilar ill 
or each allele 

C~ C\ cry lHf Oil the number 
recessiycs and dominants ill the IYl'.ole: A.\. 

sil1lplex .\aaa. 

In beets. at Tllany loci. tbese retatiollS arc still IlWlt' (olllplic<tlCd 
because of the presence oj multi alleles whicll arc 
known for several characters. In such a case, [or instance, 
in the t . all three dOlllinant I to· one ]ocm 
may he represented three different g;cllvs of OIiC multi :llielc. 

Triploicls for c\cry digcnic locus (i.c., in the ahsellcc of a 
11111lliplc all will haH' two t or (\\a and 

Tn such a ''';1) hetween 
dominants and rCC("isives 111 to differ at 
different ploidy levels. Sometliing UlllllIlon in the halawe 

may he noticed in 

only, and for 


Triploids possess a cOlnplcl 

\I'hich i~ Ilot 


Thus, control of heterosis ill c\etennincc! 
hy the or I ('s (if dilferclll st rllct 
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AAa and 'rhich are not identical to diploid 
heterozygotes Aa. T'his COllstltutes the lIlain diHerence in physi­
ologica I 01 gene relat ions in . genet ies in 
comparison with diploid and tetraploid 

A shih of genet.ics 10 tetraploid not increase the' 
]eyel or in 1', hybrids Irom the same 
lines because all IllS loci in diploids remain the same 
in tetraploids. Only special selection of tetra 
or hy the selection or tetraploid 

with a h 
be obtained. Triploid 

a new genic balance lor a I J 

is thus able to react 
of the produced its 
heterozygosity. words, heredity modifies the 
mechanism 'which directly controls phenomenon of heterosis 
itself. Such changes caused triploid concern intra­
and a1so inter-allelic reaction of genes. 

A shift from the usual halance within a 
itselF, i.e., from 1:1 to 2:1. or 1:2 in triploids, or 
decrease tile or physiological difference in action of 
recessive and g·enes. By for ahility, 
triploids may he selected in which as Illany biochemical 
substances will be produced for dominant genes in relation to 

. if to their diplOId ancestors. In such 
difference in the aclion 01 genes within an allele wil be 

Difference in the hiochenllcal :-;lIhstances 2 
genes within an al represents just factor true heterosis 

(13. 1 

T:Veioht hrids. 
~ 

A study of the in q nant! tativc characters 
in selfed tetraploids is of great For this F, hybrids 
bet,reen SI~(: 9] X t~S ~:) () selfed and F seed oh­
tained ble Mean m ) hyhrids 
equaled 2.543;) pounds, lower than in F, 
hybrids from which 

A reduction in resulted after one 
of 1", tetraploid 
sensitive to the teratlOn 
the effect or heterosis slow 
increase of hOI1lOlygosity 

Let us be reminded 

31 >< ('S 
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of rools in F ill comparisoll wilb F, O.l~9:) pound 
This reduction in one sibhing was 

so small that it was statistically Thus, a 
effect of caused one sihbing in 
could nol hcantly. But when the 
of inbreed increased afler onc selling 01 the differ­
ence between m 1", and F ) g'enerations was significant. 

111 

tllis experiment 
obtained after olle 

in diploid "hvhrids obtained alter 
lower tha'Jl ~he mean t or 

scHeel hybrids. These c1ata 
I of root in tetraploid:; 

Suell a decrease occurred in 
diploid 

In 01 lJlodification of 
weig'h I of roo! is dissimilar to that 
in diploids calulia teel 
values for scI 

to the forlJlula---- ---- .\ccording' to this 

form lIla. the calculated mean of roots musl e<illa] 2,H079 
pounds. The observed in this 

difference between 
calculated is not significant (Table 10), III 

the reductioll in yield in to heterosis in 
very noticeable and ils is easily proven, 

even III the lovver accuracy. 

In tetrapl even the inhreed 
in weight of TOots slower tll a II 
is conditioned ,I ()wer increase 
the of 

Demolition of in selfed random 
chromosome assortment occurs in different 
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F -91 In F . 111 FJ 

,Hi))') ,'-fter fIve generatio1l.S 
population \\111 cany 

cl i popu La lion a Iter 
olle scI (lug. after sell-fertilization 
decreases ina Ile­
cause of random chroJllosome distributioll this ene/heiellt equals 
only 0.8:; for cacb gencrat inn (J, this ralldom chromosolllC 

1011 1Il hcten 
process ,,·ill be Iy 

of ;jaaa arc lOll' in ,j;d)ii it y or 
many 1'l'Cl'SSI\(' gC!lc:, 

In random oj cl I he pwportioll 01 
"'ill illcrease rather fast, hut also III 

~To\\- slow I Y i r to 
\Vilh maximum cill'Ollland 

occllr ill 1"0 
,: aaaa, 

\ eh rOll1osoJJlC chromatid as~nn­
mellt of lare ()CClllTCll(T gelles. -I 'hercfore, 
for tllC 111a \'anaW)J1s 
in tlte intermediatc belween these 

It is r 0] \le\\' that tetrasoJllic 
inheritance muddies the differcnt of mat 
for t he as lor some other characters. Sci 

iecL to tile same t Helt as 
ill diploids. lJiIi lic;; 
al teralion oj the repr()duction beet tetra­
rhis leads to a reevaluation the- actiol1 

or tile gene oj scl[ Icnillly in the breedillg of In 
C<Hl1T:1st d oicl I)e('\s, til(' llse of illhrccdi II)' 
un lht' i.Jn'C(lilh!,' oj sell~sterilc let ng 

It j" necessary to include the gene of self lenil 
liollS destined for' ror in 

with t pur­
usc oj' h('I~Tosis, The gellc or self lertility itscll, 

influencillg the charactCls il~ tJl(' same way J)l'a ollly 
slowly as in dipl()ir\s. docs not in the hI'S! of 

sllch a Ilcga!i\(~ oj' ll1 

Therclore, tel ra pi oicl of 
ions arc oltCll lllore ,-igorolls than 


inbreds 01 tile same gene pool Therdore, it is 
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to usc ill the' breeding pmgram lllOIT tetr;tploicl than dipluid 
inbred lilles. 

Tile rate ()f increase oj IWJrlmygosity in tetraploids may be 
accclcratn\ by bacKcrossing to parcntal hOlllozygous inbred lines. 
III the lJackcn;ss of a tetr;tploid FJ hybrid \I'ith all ill bred line, 
hOl1lo/yg"osity increases laster than after segregatiolJ in ;lll S, 
tetraploid. Therefore, when F, hybrids were crossed back to the 
lllollogerIll inbred lille SLC (J 1, a decrease ill yield was greater 
than ill the SJ generation (I able 10). In a populatiilll obulI1cd 
after such a iJack(T()ss, tile l11l':.tll root \lTigllt. was (l.:'JOOO pOllnd 

]oilTr than ill the S, and 1.liOO pounds ImlTr than in the F,. 
A large decrease in yield 01 backcross hyhrids \I'itll inbred lines 
showed that thc pllnwtypical expressioll ol certain ilonlOlygote 
allele, in tetraploid beeb can be e\Tn greater than the same 
eJieet in diploid heets. 

For the imprmClllent ul self-~tlTilc diploid sl1~ar bC'Cb at tlle 
majority of the breedillg' statiollS, siiJmating is largcly llScd; self­
'lenile bccts are not usee! in mall) cases iJecanse of roo large a 
depr('ssi(;ll ca mecl hI' ill breed illg and the neccssi (y of dneloping 
male-sterile equi\alellts. It it lllore convenient to use selling ill 
a breeding plClgrlll1 ,,"ith tetraploids hecause Lhe hagging 01 one 
pbnt excludes crossillg. .\It el g LO .J gcncLl liolls ()f sellillg, t l'lra­
ploid inhred lilll~ are' propagated, as \\TII as diploids, in isolated 
plots \I'here t.etrapluid plallts may illtercross \\'ithill all inhred 
line, a method also used for the propagation ()f diplmd illhreds. 
SImilar to sligar beets, tetraploids in otilel species abo sh()\\"cc\ 
better resistance to the inhred depression. For instance, tetra­
pluid self-fertile lines oj" rye did 1l<;L reach thl'lr llLlxilllum \"aluc 
ul depression fall. nCII after 10 generations or selfing (51, ~ 

Percclli SIlCi"O.\{' in hylJTids. 

Tetraploid lllOl1cgerm inhred line S1,C; I) I is higher III sugar 
than till' tetraploid l'S g.~) :2. The diflcrellcc in pncent sucrose 
between these two strains ('qualee! 1.4().iO(J;; and was Iligilly sig­
nificant (Table IJ). 

P.) . 
fhe calculated mean perccllt IOJ" hut iJ pa re11 t s 

was l:L :21l:2:! . l'erCl'tlt sucrose act u:\ II y n bscned ill F; hy brids 
\I'as a lit t Ie jower tllan till' c;tlClllatnl sucrose (II tile llll';m oj the 
pa rcn Ls (I :Ul400 (:/;). 

The calculated sucrose of the middle parCni" ill diploids is 
often close t() tile SlIClnsc ohscned in F, Ilylnicls deriH'd from 
cr()ssc~ of higl!- and [OII'-sugar parents (Ill J. 1·.~lIall) S. to S, lines 
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produced from selfing of such Fl hybrids showed a somewhat 
higher sucrose but lower yield. The same was observed in F2 (Sl) 
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 
Sllcrose was observed when F, tetraploid hybrids were crossed 
back to the monogerm inbred line SLC 91 ; the backcross hybrids 
showed 14.9 100% Sllcrose. They had the hig'hest percent sucrose 
in the experiment and differed sig'nificantly from F, and F2 
hybrids (Table 9). Next highest in sucrose percent was a diploid 
S, hybrid (14.3750%) (Table 9). The difference between sucrose 
of diploid and tetraploid populations ,vas significant at the 5% 
level (0.5350 %). In this way , hybridization and further selection 
in later generations of hybrids make possible the development of 
high-sugar tetraploid lines. 

Discussion and Conclusion 
A study oE 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 gTade 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
~'erm 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. 
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\Veigl!t of root in indiyidua] deri \ecl from the 
same self-sterile population y to chrolllosome 

. \Vcighl of ruot 0/ fresh tetraploid 
rise because oj the of tile 
in [01 

or the initial 
which ucclilTed after 

ill t I 

sibbing. in \igor and in weight oj root in Fe hybrids 
is much I(ywer in tetraploids than in diploids after Tctra­
plOlds more resistant 10 in than diploids which is 
manifested and yield. There-

obtained 
after 

FayorabLc reaction 
increased vigor a Ild I t of root . 
.\5 a consequence, heterosis in tl was shown in 

tetraploid I Ieterosis 
of self-sterile mOllogerm 
populatIOns, and also by the ion of lIla ll1ono­
germ inlwcds 'with the ~ame mul population, Heterosis 
observed in F, hybrids could be maintained a much 

level in the ill diploid.,. 
The II sucrose were ohsencd ll1 

male-sterile monogenn I 

The additive type 01 reactioJl oj IS more 
for percent sucrose than for weigln ex­
pression 01' which is determined hy the presence of 
Percen t Sllcrose increased III many tel rapi oid I ill propOl'­
tlon to increased I IIllS opens possibilities lor the 

lint's. sclf-lertile I 
hybridizatiolJ \I'illl mOilOgerlll IIl­

bred parents ~howed the h lest sucrose oillaincd ill this 
experiment. 

·fhc showed that as a method or in-
appeared to be very lo\\' III c!Tectl\('ness in 
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II it is desirable LO USt' inbreeding in tctraploids, the gene ot self 
fertility must be incorporaled in til(; tetrapl()id strains. The scll· 
krt originatiJJg irom SLC 101, makes 

i(atiol1 01 inbreedi in tetraploids. 
01 inheritance 01 t of root and of perccnt slIoose 

h calIses ex tens! \(:' 
.\t the 

samc time, because or a 
and do not III 

gcncrations as 11lIH:h ;IS ill diploids. 
lown ill this tClra pluids 

application oj different Lypes of maling clifl:c'rcd [rom 
obtained by colch t realment. O[ iruerest 

hyhrlds because triploid 
nec lor all loe i. 

o[ 

heterosis itself. 
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