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Introduction 
Hybrids of B. vulgaris L. X species of the section Patellales 

Tr. were obtained in the last decade by several American and 
European investigators. As a rule these hybri.ds failed to grow. 
They died in the seedling stage after having developed cotyledons · 
and the first pair of rudimentary leaves. Only occasional hybrid 
plants survived and developed into flowering plants. Ali viable 
hybrids thus far obtained have been diploid, coming from crosses 
of diploid beets from the section Vulgares Tr. with B. webbiana 
Moq. or with B. fJrocumbens Chr. Sm. 

Stewart (28)2 obtained a single viable hybrid between the 
sugar beet (B. vulgaris) and B. procumbens. Gaskill (4) suc­
ceeded in obtaining 5 viable hybrid plants which reached the 
flowering stage from crosses of Swiss chard (B. vulgaris) X B. 
webbiana and I hybrid plant from mating S"viss chard X B. 
procumbens. All hybrids with B. fJatellaris Moq. were inviable. 
Oldemeyer (15) obtained viable hybrids from the follovvinp; 
crossings: B. macrocarjJa Guss. (section Vulgares Tr.) X B. web­
biana; California dwarf (B . maritima L.) X B . fJrocumbens,' and 
B. atriplicifolia Rouy (section Vulgares Tr.) X B. jJrDcumbens. 
One hybrid plant (B. macrocarjJa X B. webbiana), reached the 
flowering stage. No viable hybrids were obtained from crosses 
of the sugar beet and B. patellaris. Oldemeyer and Brewbaker 

p (16) reported 15 flowering plants from crosses of Detroit Dark 
Red table beets with B. ivebbiana and B. procumbens and 2 
flowering plants from the mating of the Turkish wild beet (B. 
maritima) and B. fJrocumbens. Rietberg and Hijner3 in the 
Netherlands obtained one viable hybrid plant from a hybridiza­
tion of the red table beet to B. jJrocumbens. 

The species B . vulgaris, as well as its subspecies and races, 
can be comparatively easily crossed with species of the section 
Patellares. Species isolation is accomplished in this case, as in 
other widely-related species, by the barrier of inviability and 
sterility of Fl hybrids (Stebbins, 26, 27; Brock, 1). 

1 Cytogeneticist , Beet Sugar Development Foundation; Collaborator Crops Research Divi­
sion . Agricultural Research Sen·ice. U. S. Department of Agriculture. 

2 Numbers in parentheses re fer to literature cited . 
, Personal communication. 
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The majority of hybrid seedlings were not viable, as usual. 
They died 3 to 5 weeks after germination. Some seedlings in the 
inviable group perished after having developed small second 
or third pairs of leaves. The mortality of hybrids was ca used by 
poor development of their root systems. Seedlings which ex­
hibited better root growth were able to develop a few leaves. 
From this background of high mortality, hybrid combinations 
showed different degrees of viability. A mat ing was classified as 
viable if a sufficient number of plants from the given combina­
tion developed to the flowering stage and were classified as low 
in viability when only a few plants grew to the Aowering stage. 

The following matings were viable: (a) Diploid progeny 
17 (see Table 1) from hybridization of diploid Swiss chard X 
B. webbialla. (b) Triploid hybrids of three combinations with 
low viability. In these matings the majority of plants died in 
the seedling stage or after the development of a few leaves, hut 
some hybrids grew well and became tall, vigorous plants. These 
hybrid combinations were tetraploid Swiss chard crossed with 
B. jJTocumbens (progeny 7) and with B. webbian({ (pro.Q;enies 
15 and 25). (c) Tetraploid hybrids derived from crosses of 
tetraploid Swiss chard (progenies 10 and 12) and tetraploid 

Table 2.-Dist.ribution of Viable Hybrids at Different Ploidy Levels. 
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sugar beets (progenies 8, 9, 19 and 31) with B. jJatellaris. Pro-_ 
genies 1 and;) were low in viability and produced only 2 or 3 
hybrids which grew to flowering. 

Viability of hybrids varied at different ploidy levels Crable 2). 
In 16 diploid matings only 1 mating, involving Swiss chard, was 
viable. 

In the triploids, 10 matings involving 2 genomes of B. jJalel­
laris were lethal. Triploid matings with 2 genomes of B. vulgaris 
gave 3 progenies of low viability 'when Swiss chard was used as a 
female parent. 

Tetraploid matings were the most successful. Of 18 hybrid 
progenies 6 were viable and 2 were of low viab·ility. The crosses 
in which tetraploid sugar beets were used as a female parent gave 
more viable progenies than the crosses produced with the tetra­
ploid Swiss chard, and they did not contain lines of low viability 
which were observed in crosses to Swiss chard . 

Viable combinations differed very strikingly from inviable 
ones. Many, if not all, seedlings in the viable combinations de­
veloped normally or almost normally from the fi,rst days of 
growth (Figure 1). Although their rate of growth was a little 
slower than that of non-hybrid seedlings, they exhibited fair 
root and leaf development. But even in viable combinations 
some plants gradually became retarded in development and died 
at different ages (some in the stage of 2 or 3 pairs of leaves and 
others after development of seedstalks). 

Figure 1. (le£t)-Hybrid seedlings from viable and lethal matings. Fig. 
ure 2. (right)-Di., tri·, and tetraploid hybrids at rosette stage (from right 
to left). 

All viable plants from viable and low-viability matings were 
transplanted from flats into pots (Figure 2). Thev developed 
into vigorous, bushy, tall plants 7 to 10 feet tall or sometimes 
taller (Figures 3 and 4). There were 18 diploid hybrids, [) 
triploids (sesquidiploids) , and 62 allo-tetraploids (38 from sugar 
beets and 24 from Swiss chard) which reached the flowering stage. 
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Figure 3. (left)-Two tetraploid hybrid plants at flowering stage. Figure 
4. (right)-Tetraploid F 1 hybrids in the greenhouse. 

The number of F1 hybrid plants was increased by vegetative 
propagation. 

The chromosome number in the hybrids derived from crosses 
in which both parents were diploids (progeny 17) was 18. From 
the triploid matings (4n X 2n) all hybrids had 27 chromosomes 
(progenies 7, 15, and 25). Hybrids derived from crosses oE 4n 

B. patellaris to 4n Swiss chard (progenies 10 and 12) or to 4n 
sugar beets (progenies 8, 9, 19 and 31) were all tetraploids with 
36 chromosomes, 'with the exception oE 2 plants among the hybrids 
with Swiss chard which were hypo-tetraploids with 34 and 35 
chromosomes. 

All hybrid plants, independent of the level of ploidy, had 
red hypocotyl, except 2 plants in the tetraploid progeny 19 .which 
had white. One oE these died at an early stage, another developed 
into a vigorous plant. This plant had 36 chromosomes. A pos­
sible explanation for the 2 white hypocotyl plants exists. Red 
pigmentation in B. jJatellaris is less intense than the pigmentation 
in B . procumbens or B. webbiana; therefore, it is highly prob­
able that only one pair of chromosomes in B. jJatellaris carries 
the gene R. The gametes of B. jJatellaris would consequently 
carry only I chromosome with the R gene. Some gametes may 
not carry chromosomes with the gene R if random chromosome 
pairing exists or if a deletion at the R locus occurred. The F 1 

hybrid plant with white hypocotyl could therefore have arisen 
from the union of a gamete of sugar beet and a gamete of B. 
jJalellaris, neither one carrying the gene R. 
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Di ploid, tri ploid, and tetraploid hybrids differed in their 
appearance as well as in their rate of development. The firs-t 
pairs of leaves in tetraploid hybrids were usually very chlorotic, 
almost yellow. In triploid hybrids the first leaves were green ; 
in diploids the chlorophyll deficiency was intermediate between 
tetraploids and triploids. All fully grown hybrid plants were 
green and chlorophyll defi.ciency collCl be noticed on young 
shoots only. 

The shape of the leaf blade differed also (Figure 5). The 
leaves in tetrapl oid hybrids had a broad base like B. jJat eilaris) 
but they were very large, even larger than the leaves of sugar 
beets. Part of this difference could be due to ·the Patellaris par­
ent. The first pairs of leaves in several tetraploid plants were 
lobed and dissected (Figure 6). Sometimes dissections reached 
the central vein as in plants exposed to radiation. The leaves 
in triploid hybrids were also broad, but elongated, and in diploids 
they were long and narrow. 
r 

A B 

Figure 5. (left)-Shai>e of leaves in diploid (a), triploid (b), and tetra­
ploid (c) hybrids. Figure 6. (right)-Lobed leaves in hybrids. 

Hybrids at the different ploidy levels 'were distinguished 
also by their rate of growth and development. The tetraploids 
were most vigorous and started to develop seedstalks and to 
flower earlier than any other hybrids. The first hybrid to flower, 
a tetraploid, was 5 weeks old. One triploid plant started to 
flower almost at the same time; the others were later. The latest 
'were diploid hybrids which developed slowly and started to flower 
at the age of 2Y2 to 3 months_ 

Wild beet characters dominated in all F l hybrids. Th ey did 
not develop a fleshy root (Figure 7). All hybrids developed 
seedstalks and flowered abundantly the first year. 

The anthers in diploid hybrids were small and unfi.lled 
(almost empty), failed to dehisce and were transparent to yellow. 

Some triploids developed completely transparent and empty 
anthers; the anthers in others were yellow and comparatively 
well fi-lled. The well filled anthers dehisced and the stigma lobes 
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Figure 7. (Ieft)-Root system in year·old tetraploid F, hybrids. Figure 8. 
(center)-A branching tumor hanging from the leaf. Figure 9 (right)-A 
branching tumor growing from a flower cluster. 

when examined under binoculars were covered with pollen. 
Tetrapoid hybrids developed large, yellow, and comparatively 
well-filled anthers which did not dehisce. 

Although parental plants involved in hybridization were 
always male fertile , the F, hybrids between B. vulgaris and all 
three species of the section Pat elirLTes developed male sterility 
independent of ploidy level. 

Male sterility has been observed in several intergeneric and 
interspecific hybrids. It had been found in wide crosses in 
tobacco (2), wheat (9), Epilobium (12, 13, 14) and sugar cane 
(17). In these crosses male sterility was attributed to disharm ony 
in the interaction between cytoplasm of species used as female 
and the genome of male parental species or to a reaction of 
special genes in the cytoplasm of another species. 

Male and female sterility in the diploid Fl hybrids (B. 
vulgaris X B. jJTQ cumbens or B : webbiana) is a chromosomal 
sterility due to the meiotic chromosome disturbances and forma ­
tion on non-viable gametes (21, 22, 23). The nature of male 
sterility in the tetraploid F, hybrids (B. vulgaris X B. patellaris ) 
is unknown. Further inves tiga tions will reveal whether male 
sterility in these hybrids is a lso due to the chromosome disturb­
ances or if it is associated with some other phenomena, possibly 
plasma-nucleus reaction. 

All F , hybrids needed pollination by foreign pollen and were 
pollinated by dipl oid and tetraploid sugar beet plants distributed 
among hybrids. 

Results of two seasons' data (1958 and 1959) indica ted that 
fertility of hybrids differed depending on the level of ploidy. 
Diploid hybrids were completely or almost completely sterile. 
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Figure 10. (leh)-BaIl-like tumor outgrowths. Figure 11. (right)-BalI­
like outgrowths hanging on the leaves. 

first impression of the hybrids, the structure of inflorescence and 
fruit was not sufficiently studied. Coe (3) iound in grafted 
hybrids (sugar beet X B. jJrocurnbens) that flowers and inflor­
escences resembled sugar beets more than those of B. jJrocurnbens. 
Oldemeyer (15) indicated that in the F1 hybrid B. rnacrocarpa 
X B . webbiana the flowers were borne in groups of 3, 4, or 5, 
similar to B. rnacrocarjJa. Stewart (28) found that the fruit of 
FI plants (sugar beet X B. pTOcurnbens) was monogerm and 
resembled B. jJTOcurnbens. There was a tendency for 2 or 3 seeds 
to adhere in clusters which could be easily broken apart. Johnson 
(6) indicated that seed in the grafted hybrids (sugar beet X 

B. procurnbens and B. webbiana) resembled the wild parent more 
than those of sugar beets. 

The general structure of the flower in the genus Bela L. is 
as follows: The calyx is composed of 5 sepals. Sepals have a 
narrow transparent stripe on the edges and a little hood at the 
top. The androceum consists of one whorl of 5 stamens. Stamens 
are located on a granular ring opposite every calyx lobe. The 
pistil is compound. The flo"ver is perigynous (sepals and stamens 
are located around the ovary at the middle part of it). The ovary 
has a single 10CLde. The ovule is campilotropous. 

Flower structure in other Bela species deviates to some extent 
from this general pattern. 
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In the section Vulgares, and , consequently in th e special I!. 
vulgaris, the ovary is com posed of 3 carpels, th e free ends of 
which form 3 stigma lobes (2 or 4 stigma lobes which are some­
times observed, are derived from coalescence or From dissection 
of the original 3 lobes). The stigma is sessile, with lobes located 
directly on the ovary (Figures 12 and 13) and the central canal 
passes through the upper part of the ovary between the carpels. 
No style is formed. 

Figure 12. (Ieft)-Stigma with 3 lobes in B. vulgaris (top view) X 10. 
Figure 13. (right)-Sessile stigma in B. vulgm'is (side view) X 10. 

Sepals, as described by Linne (II), Transhel (29) , Hooker 
and Arnott (5), and Zossimovich (30), have a keel at the central 
vein on the back. In opened flowers the sepals are widely devi­
ated and the anthers stand on stretched-out filaments in the 
middle of the flower; sometimes the tops of the anthers are 
hidden in the hoods of sepals and deviate together with them. 
At anthesis pollen is shed inside the flower and on the stigma 
lobes (self-pollina tion) (18, 19). Cross-pollination is effected by 
foreign pollen brought by wind and insects. 

In all 3 species of the section Patellares, B . IJrocumb ens, B. 
patellaris, and B. webbiana, the pistil has a style with 2 stigma 
lobes (Figure 14). Evidently the ovary consists of 2 carpels only. 
In newly opened flowers stig'ma lobes are small and oval; in 
older flowers they become larger and elongated". All species of 
the section Patellares have smaller flowers than those of the 
section Vulgares. Sepals are short (29, 30), without a keel on 
the back. 

'Tran shel (29), basing his studies on dry h erbarium material , reponed 2 or 3 sti gma 
lobes in B. patellm'is, but my observat ions on many Ii vi n3' plants in all 3 species of th e 
sec tion Patellm"es during seve ral years did not revea l plants o r Rowers with 3 stigma lobes. 
This observation coincides with th e description of species in th e sectio n Pat.ellares given by 
Moquin in De ·Cand o ll e and by Barke,··Webb e t Sabin Berth elot. The 2·lobed stig-Illa is one 
of the most important characterist ics distinguishing the section Pa tellm'es from other Beta 
sections. 



228 JOURN AL 01' THE A, S, S, B, T , 

1\ , C 

Figure 14. (left)-Stigma with style and 2 stigma lobes in B. pateliaTis 
(side view) X 10. Figure 15. (right)-Size of flowers in B. patellaTis (a), 
4n F , hybrids (B. vulgaTis X B. jJatellaTis) (b), and B. vulgaris (c) X 10. 

In other respects the structure of flowers and the mode of 
flowering in the species of the section Palellares resembles closely 
those in the section Vulgares, Flowers open wide; short anthers 
stand on stretched-out filaments in the center of the flower or 
deviate a little outwards and are seized by the hoods of the sepals, 
Polle-n is shed inside the flower and on the stigma. The tops 
of the anthers never exceed the length of the sepals, a condition 
also typical for the section Vulgares and distinguishing the sections 
Vulgares and PatellaTes from the section Corollinae. 

In the allo-tetraploid F1 hybrids the size of the flo"ver was 
intermediate between the size of the flower in the tetraploid 
B. vulgaTis and that in the tetraploid B. jJ(ltellaris (Figure 15). 
The buds and flower clusters or triploid and tetraploid hybrids 
exceeded the size of diploid hybrids. In hybrid plants the keel 
on the back of the sepals was more 'accentuated than in B. vulgaris. 

All F, hybrids, wbetber diploid, triploid, or tetraploid, had 
two stigma lobes and developed a style. Rarely, a small third 
stigma lobe was observed. Sometimes the style was shorter and 
thicker than in the flowers of the section Patellares (Figure 16), 

The inflorescence in the section Palellares, according to 
Savitsky (20), represents a panicle bearing' umbels. In the sec­
tion Vulgares (multigerm beets) the panicle bears multiple-flower 
clusters and later compound fruits or seed balls. The type of fruit 
in pure species and in hybrids naturally corresponds to the type 
of their inflorescences, 

In flower clusters of multigerm beets in the section Vulgares , 
all flowers develop on a common peduncle, The upper part of 
the flowers from the base of the sepals grows over the peduncle 
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and gives an impression that each flower in a cluster is develop­
ing separately, but the lower part of the flower is not visible 
because the bases of the ovaries 01' all flowers are imbedded in 
the tissue of a cluster (formerly the upper part of a common 
peduncle) (Figures 17 and 21 -a). 

_Figure 16. (left)-Stigma with style and 2 lobes in 4n F j hybrids (B. 
vulgaris X B. j)atellaris X 10. Figure 17. (right)-Inflorescence of B. lJ1t.l. 
gm'is X 10. 

'\ 't;.. 

(8)(A) 

Figure IS.-Fruits of B. vulgm'is (a), 4n F j hybrids (B. vulgaris X B. 
patellaTis) (b), and B. patellaris (c). 

The fruits of multigerm races in the section VulgaTes are 
compound (seed ball) . The bases of all ovaries, as well as all 
germs, are enclosed in a tissue of a seed ball, and only the upper 
part of separate fruits is visible (Figures 18-a and 22). Separate 
fruits in a seed ball look shorter, are flatter, broader, and bigger 
than the fruits in the section PatellaTes. Sepals are fleshy with 
clearly expressed keel. In some beet races the sepals exceed the 
cap a little leaving it open ; in other races they exceed the cap 
considerably, covering it or bending over it. The tops 01' the 
sepals are narTOW and shriveled to the vein. 

In inflorescences 01' the section PatellaTes, all flowers in a 
flower cluster develop on a common peduncle also, but every 
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Figure 19.-Inflorescence of B. !Jatellm·is X 10. 

flower develops its own little pedicel (forming the umbel ) 
(Figure 19). In the central flowers of a cluster, pedicels ar~ 
usually shorter and broader than in lateral flowers. In this way 
each flower develops separately, and the basal part of a flower , 
below the sepals, is visible as well as the upper part (Figures 19 
and 21 b). The type of the flower development in the section 
Pat ellares is similar to that in multigerm beets in that the flowers 
develop in a cluster from the same peduncle. 

The fruit of species in the section Patellares is simple. The 
shape of the fruits varies from almost round to oval-elongated 
(Figure IS-c). Sepals are dry, pellicle, flat , without keel, and 

closely outline the fruits. The tip of every sepal carries an 
elongated dentation in the center at the upper end of the vein. 
Sepals do not cover the fruits, only the dentations of the sepals 
are adjacent to the cap, leaving the central part open. The only 
exception is B. f7atellaris camjJanulata Coss, in which the fruits 
are surrounded by the deviating tops o f the sepals. Aft€r the 
fruits have ripened, the pedicels are broken and the single fruits 
shatter. 

Species of the section Pal ellares do not bear true monogerm 
fruits. because flowers develop in a cluster. True monogerm 
fruits are produced only by the species B. lomatO[}:ona Fisch. and 
Mey, and B. nana Boiss. and some races of B. vulgaris (24, 25). 

The type of inflorescence in all hybrids (Figures 20, 21-c) is 
intermediate between the type of inflorescence of species in the 
section Vu1a:ares and that of: species in the section Patellares. In 
F, diploid , ' triploid , and tetraploid hybrids a flower cluster con­
sists mostly of 3 or 4 buds: sometimes the number of buds reaches 
6 or 7. Individual flowers in a flower cluster develo!J separately 
on a common peduncle like the flowers in a flower cluster of th e 
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Figure 20. (upper left)-InflOl"eSCence of 4n F 1 hybrids (B. vulgaris X 

B. patellaris) X 10. Figure 21. (upper right, A)-Shape of flower in B. 
vulgm'is (lower left, B)-B. patellaris (lower right, C)- and 4n F, hybrids 
(B. vulgm'is X B. patellaris) X 10. 

section Patellares, but they do not develop the pedicels typical of 
the section Patellares. The basal part of a flower below the sepals 
is visible. 

Fruits of F , tetraploid hybrids between B. vu.lgaris and B. 
/Jatellaris are compound, consisting of 2 or ?l fruits, but they do 
not form a seedbalI. The basal parts of individual fruits are con­
nected by the tissues of the common peduncle, but they are not 
imbedded in it (Figure IS-b). By applying some effort, fruits 
can be separated. 

The basal part of individual fruits is oval or elongated, re­
sembling the shape of fruits of B. iJatellaris. The sepals extend 
over the fruit , always covering the cap (Figure 23). The sepals 
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Figure 22-Fruit (a seedball) of B. vulga:ris X 10. 

Figure 23.-Single fruits hom clusters of 4n Fl hybrids (B. vu.lgaris X 
B. patellaris) X 10. 

are fleshy and the keel is expressed as in the section Vulgares, 
their tops narrowing gradually toward the center. Fruits of Fl 
hybrids appear as if composed of fruits of both species, the lower 
part belonging to B. jJaleliaris and the upper part to B. vulgaris. 

Conclusion 
Two ideas had been forwarded concerning the possibility of 

growing hybrid plants from crosses with species of the section 
Patellares. One consisted of gTafting inviable seedlings. Johnson 
(6) and Coe (3) developed a successful technique for grafting. 
The other idea was the production of "bridge-hybrids" which 
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ability to produce non-reduced gametes and pulyploid progeny. 
It may also be probable that the transmission of genes respon­
slhle for nematode resIstance lI·ill be lllure successful in poly­
ploids than in diploids in which more chrolllosomes arc involved 
in meiotic as~()ciati()lls. 

The way to obtain semi-fertile hybrids ]Jetwccn B. ()lIlgrnis 
and species of the section Putell([f(,s with higher viability is 1I0W 

opened by the application of polyploidy. 
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