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Conclusions

In the treatment of seed with colchicine, ethyl mercury phos-
phate, or other chemicals to produce polyploids the mortality rate in
the early seedling stage is very great. The root development of the
seedlings is limited and they do not survive this early period of
growth very well. Those seedlings which do survive have all the first
season in which they may revert to normal. If they survive the first
season there is opportunity for losses in storage and subsequent trans-
planting. The production of polyploid seed directly through the
treatment of the inflorescence appears to be the most promising pro-
cedure for obtaining polyploid sugar beets.
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Evaluation of Polyploid Strains Derived From
Curly-Top Resistant and Leafspot-
Resistant Sugar-Beet Varieties

F. A. ABEGG'

With the discovery that polyploid types of plants can be pro-
duced readily by use of colchicine, great interest has attached to the
application of this new technique to various economic plants. Meth-
ods of jnducing polyploidy in sugar beets have been previously de-
scribed.® (1). It is now possible to report results from 2 years of
comparative yield tests with 4 n strains derived from the important
diploid varieties Il. S. 22, U. S. 23, and U. S. 215.

*Associate Geneticist, Division of Sugar Plant Investigations, Bureau of Plant
Industry, United States Department of Agriculture.

2The writer wishes to express his appreciation to Dr. G. H. Coons, Principal
Pathologist, Division of Sugar Plant Investigations, U. S. Department of Agricul-
ture, for suggestions and criticisms during the progress of this work and in con-
nection with the preparation of the manuscript.
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Materials and Methods

Dry seed was soaked in a 0.4-percent solution of colchicine for a
period of 2 days. By selection of 1he most severely affected seedlings,
a high proportion of tetraploids has been obtained in the treated
generation.

First-generation tetraploid offspring were obtained by crossing
pairs of plants which, on the basis of their pollen size, were judged
to have been doubled in chromosome number. The plants from these
crosses were characterized by greater leaf-stomal a size, larger than
normal-sized pollen, and foliage that was altered in both shape and
size from diploid types. Tetrasomic inheritance of the R—r hypocotyl
color-factor pair further substantiated the tetraploid nature of the
offspring from the above-mentioned crosses.

In 1940. 9 tetraploid (4 n) strains were compared with the diploid
(2 n) parental stocks for root yield and sucrose percentage in a field
plot laid out in an equalized random-block arrangement. Twelve
varieties (9 tetraploid strains and 3 parental diploids) were repli-
cated 6 times in 4-row plots. Each plot consisted of 20 plants per
variety. Rows and transplants were spaced 24 inches apart. After
a season of 42 months' duration, the clean root yield of the 2 center
rows was recorded for each plot, the roots being topped as for mother
beets. The average plot weights recorded in table 1 were obtained
by summation of weights of individual roots of lhe respective plots.
The total number of roots weighed for each variety was commonly
68, except in a few cases in which the total for a variety was 58 or
59 roots.

In an additional test, other 4 n strains for which only a small
amount, of seed was available were compared for yield with the proper
parental varieties in single-row plantings. Twenty-four-inch spac-
ings were used here also. The statistical significance of the average
root-yield differences was determined by Student 's method from pairs
of 2 n and 4 n plants, occupying opposite hills in adjacent rows.

The single-row plan used in 1940 was adopted again for the 1941
field test. Rows and transplants within rows were spaced 30 inches
apart. The 1941 beets were harvested after a 6-month season.

Sucrose percentages of single roots were determined in both 1940
and 1941. Pulp for the analyses was obtained by use of a boring
rasp. Sucrose percentage in the pulp was determined by the Sachs-
Le Docte cold-water digestion method. In the 1940 replicated test
(table 1) the average varietal sucrose percentage is based on analyses
of individual roots. The number of roots analyzed varied from 53
to 60 beets per strain.

During both seasons, lealspot injury was reduced to a minimum
by 3 applications of bordeaux spray.
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Experimental Results

1. Comparative Root Yields of Tetraploid Strains and Their
Respective Parental Diploid Varieties—In the 1940 replicated test
(table 1) the lowest-yielding 4 n strain averaged 2.51 pounds per beet
in contrast with a weight of 3.07 pounds for the comparable diploid
variety, IT. S. 22. The highest-yielding 4 n strain had an average root
weight of 3.14 pounds; that of U. S. 215, the related 2 n parental
variety was 2.81 pounds. None of the differences in root weight
was significant.

In the 1940 single-row planting (table 2), 95 plants of the 4 n
strain 4302 exceeded the average root weight of the parent stock,
U. S. 22, by 13.8 percent. This difference was significant for prob-
abilities between 0.05 and 0.02. Confirmatory evidence that the 4 n
plants had greater root weight than the 2 n strain was obtained from
the additional tests in 1941 (table 3) in which 18 plants of 4 n pro-
geny 4304, reciprocal of strain 4302, averaged 7.10 pounds per beet
as compared with 592 pounds for the parental diploid, IT. S. 22.
However, strain 4302 and its reciprocal were lower in sucrose per-
centage than U. S. 22, giving approximately the same sucrose content
per beet for both the 2 n and 4 n types.

Reference to table 2 shows that 2 tetraploid strains grown in the
1940 single-row plot were markedly and significantly lower in root
weight than the parental variety, U. S. 22. Six other 4 n lots ob-
tained from either U. S. 23 or U. S. 215 gave non-significant differ-
ences in root yield. Based on the yield results of all varieties, in the
1940 single-row plantings, the 4 n strains averaged 2.56 pounds in
root weight as compared with an average of 2.79 pounds for the re-
lated diploid parental stocks. The difference of 0.23 pound in favor
of the diploid variety exceeded the 5-percent point of significance.

In the 1941 single-row comparisons (table 3) a total of 17 poly-
ploid strains, derived either from IT. S. 22 or IT. S. 23, were tested
for yield. One of the strains, numbering 27 plants, was a triploid
derived from 1J. S. 23 parentage and showed broader than normal
leaves. In this respect, the 3 n lot resembled closely the broader-
foliage character of some tetraploid strains. The average root weight
of the triploid strain was not significantly different from that of the
related U. S. 23 variety.

Only 1 of the 17 polyploid strains (the previously mentioned 4 n
reciprocal of 4302) gave a moderate increase in root weight as com-
pared with the diploid parental variety. However, 7 of the 4 n pro-
genies (mostly from the new 4 n lots not tested in 1940) were mark-
edly and significantly lower in yield than their related diploid
varieties.



Table 1.—Comparison of root yields and sucrose percentages of tetraploid sugar-beet strains and their respective diploid parental varieties,
replicated plot teats at Arlington Experimental

(Results based on 6-plot averages.)
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Table 1—Continued.

Yariance Table
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* Exceeds the 5-percent point of significance.

** Exceeds the 1-percent point of significance. The appropriate comparisons of root weights and sucrose percentages are those between 4w strains

and their related parental diploid stocks within each of the three varietal groups U.S. 22, U.S. 23, and U.S. 215.

*Reciprocal 4n strains tested.

2Two 4 n strains pooled.

30dds 19:1 = 2 x standard error of mean difference. Left blank when F value is not significant.

“The required F value for varietal differences to be significant at the 5-percent point is 2.00; for the 1-percent point, 200.
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Table 2.—Comparison of root yields of tetraploid sugar-beet strains and their re-
spective diploid parental varieties, in single-row plantings at Arlington Ex-
perimental Farm, Arlington, Va 1940
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* Exceeds the 5-percent point of significance.
** Exceeds the 1-percent point of significance.
The statistical significance of the average root-yield difference was determined

by Student's method from pairs of 2 n and 4 n plants, occupying opposite hills in
adjacent rows.



PROCEEDINGS—THIRD GENERAL MEETING

315

Table 3.—Comparison of root yields and sucrose percentages of polyploid sugar-beet

strains and their respective diploid t X
ings at the United States Horticultural Station, Beltsville, Md., 1941.
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Table 3.—continued.

- Welght of rvote Sugrome
é E4 T E-
* wom o = o L a
= 1) - = ag
P Ex 285 ¢ & Iz § ¢
= Lz =8 £t & =] £ E F
£ &k EE &% = & FEE & &
Trmaele rounds T o8 age HED
U.s 28 Za 023 21 632 04 100 1.5 —i1.51
.52 dn 2i4508)
(42241 5.8 108 11.58¢
Total P a1 G FOFI*e 100 HL09 038
an aud 40 533 88 10.71
Total 2n ong 0 oM W RI148 £ .52+
n, ® 22
and Arnnd 4n &34 B 11,18
G 823
N

Exceeds the 5-percent point of significance.
** Exceeds the 1-percent point of significance.

The statistical significance of both the average root yield and average sucrose
percentage differences was determined by Student's method from pairs of 2n and 4 M
plants, occupying opposite hills in adjacent rows.

'Reciprocal 4n strains tested.
2Two 3 n strains pooled.

3The gui'ii sucrose percentages were obtained by averaging individual determina-
tions. The total number ot 2 n and 4 n roots analyzed tor sucrose percentage areas
follows :

Parental 2n variety U. S 22 103 beets
4 n strains derived from U. S. 22 103 beets
Parental 2n variety U. S. 23 53 beets
3n and 4 n strains derived from U. S. 23 98 beets
Total of both 2n varieties 156 beets
Total of both groups of polyploid strains 201 beets

The reduced number of beets analyzed for parental 2n variety U. S. 23 was due
to the fact that sucrose determinations of the 2 n plants in 1 row served for a com-
parison with those of 2 different 4 n strains, planted on either side of the diploid row.



PROCEEDINGS—THIRD GENERAL MEETING 317

Comparing related 2 n and 4 n progenies which were evaluated
in both 1940 and 1941, respectively, there was, in general, good agree-
ment with respect to the degree of plus or minus deviations in root
yield.

A summary of the results obtained for root yields of al 28
tetraploid strains of sugar beets tested so far is as follows: (1) In
the 1940 tests, a total of 521 diploids (including U. S. 22, U. S. 23,
and U. S. 215) averaged 2.82 pounds per beet in root weight as com-
pared with an average of 2.70 pounds based on a total of 879 tetra-
ploids derived from the same varieties. (2) In the 1941 plot, a
total of 699 paired yields (plants derived from varieties IT. S. 22 and
U. S. 23) gave average root weights of 5.33 and 6.23 pounds per beet
for the tetraploid and diploid progenies, respectively. This difference
of 0.90 pound was found to be a highly significant, increase for the
diploid varieties.

This indicates that, under the conditions of the 2 field tests
discussed in the present paper, the average 4 n yield showed a definite
trend towards lower-root weight in comparison with that of the par-
ental diploids. Such a reduction in yield was even more marked with

Table 4—Effect on root yield of doubling the chromosome number within an inbred
I|r|1|e. S&ngle-row plantings at the United States Horticultural Station, Bolts-
ville, Md., 1941.
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'Seed collected from unbagged branches of plant B 36. This plant was earlier
treated with colchicine durln? a y_ounzg seedling stage of development. Since B 36
was selected from a highly self-fertile 2n line, tracmgb back to pedigree number 1167,
it is assumed that most of the seed set on unbagged branches resulted from self-pol-
lination. Plant B 36 was also the grandparent of the second generation 4 n progenies
460, 461, and 464, respectively.
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4 n strains derived from a highly self-fertile inbred diploid stock of
beets which traces back to pedigree number 1167. In the 1941 field
plot (table 4) a total of 193 tetraploid roots yielded approximately
only half as much as the closely related diploid plants.

2. Comparison of Sucrose Percentage.—In the 1940 replicated
plot, nine 4 n strains and the 3 related parental stocks, U. S. 22, U.
S. 23, and U. S. 215, were tested for sucrose, from 53 to 60 indi-
viduals of each strain being analyzed. Sucrose percentages ranged
between 12.56 and 10.19 percent. From the data recorded in table 1
it is evident that 3 of the 4 n strains were significantly lower in su-
crose percentage than their respective diploid-parental varieties. The
differences exceeded that required at the 1-percent point. There
were also significant differences in sucrose percentage between 4 n
strains derived from the same parental stock. However, if root
weights are taken into account, the sugar yield of the 12 varieties
differed by only small amounts.

Three tetraploid strains planted in the 1941 single-row plot were
analyzed for sucrose. Two of these were significantly lower in per-
centage sucrose than 1he respective diploid varieties. The other 4 n
strain, numbering 21 beets, was significantly higher in sucrose per-
centage, but somewhat lower in root weight than the comparable
diploid variety V. S. 23.

A summary of the 1940 sucrose percentage determinations, in-
cluding those from the single-row planting, is based on a total of 352
diploid beets and 671 tetraploids. The diploids averaged 11.24 in
sucrose percentage as compared with an average of 10.94 for the 4 n
types. The average root weights of the beets analyzed for sucrose,
were practically the same, i. e. 2.81 and 2.87 pounds per beet for
diploids and tetraploids, respectively.

The 2 n and 4 n beets tested for sugar from the 1941 plot av-
eraged approximately 6.00 pounds in root weight. The diploid vari-
eties U. S. 22 and U. S. 23 were only slightly higher in average
weight per beet than the related tetraploids. Five of the 4 n strains
in the 1941 plot had been previously tested in 1940. In 1940 these
five 4 n lots were lower in sucrose percentage than the parental dip-
loid varieties. In 1941 the same 4 n strains were again found to be
lower in sucrose. The decreases in numerical values for sucrose per-
centages ranged between 0.5 and 14.

Two additional polyploid strains tested for the first time in 1941
(table 3) were from 0.5 to 0.9 percent, higher in sucrose percentage
than the parent stocks. Only the latter difference, referring to 4 n
strain 4307, was a significant increase.

The average sucrose percentage of the 201 tetraploids analyzed
for sugar in 1941 was 11.16 as compared with an average of 11.48
percent sucrose for the diploids. This difference in sucrose per-
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centage between the 2 n and 4 n chromosome types was significant,
exceeding the S5-percent point.

From the combined results of sugar analyses in 1940 and 1941,
it is evident that the more vigorous 4 n strains of sugar beets selected
for testing may vary in either a plus or minus direction when com-
pared to the proper parental varieties. In both years, under the
conditions of these experiments, the tetraploids were characterized by
a somewhat lower average sucrose percentage than their comparable
diploid varieties.

So far, 3 tetraploid strains have exceeded the root yield of their
related diploid stocks by approximately 15 percent. However, these
4 n strains tested from 0.7 to 1.5 percent lower in sucrose. Therefore,
the average sucrose yield of this group of vigorous tetraploids was
estimated to be nearly the same as that of the diploids.

3. Morphological Differences.—In the following, a brief sum-
mary is presented of the chief comparative morphological differences
between diploids and related tetraploids :

The leaves of some 4 n strains were observed to be larger,
broader, and sometimes rounder in shape than those of the parental
diploid varieties. Other 4 n strains were not as strikingly modified
in leaf size or shape.

The leaf stomata of the plants from several 4 n strains were
found to be larger than those of comparable diploids.

Root shape of 4 n beets, judging chiefly from transplants, was
not obviously modified.

Haploid or n pollen produced by normal diploids has been found
to vary in diameter from 19.5 u to 22,8 u. Diploid pollen produced by
comparable tetraploids varied between 25.2 p and 29.1 M in diameter.
The difference in pollen size has served as a good criterion in the
identification of tetraploid plants.

With respect to size and weight of seedballs, the most critical
comparison available is that between the highly self.-fertile inbred
diploid strain 1167 and the second-generation 4 n offspring derived
therefrom. Two groups of 6 plants each were isolated in separate
greenhouse units. Based on the combined seed yield of 1 group of
diploid plants, the weight of 100 seedballs averaged 0.97 gram. The
average weight of 100 seedballs from 4 representative tetraploid plants
in the second isolation group was 1.39 grams. It was also observed
from greenhouse plantings that the seedling stand of tetraploid
strains was markedly reduced in comparison with that of the diploid
lines. This indicates that the seedballs formed by tetraploid plants
contained fewer viable seeds than those from comparable diploids.
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4. Fertility of Tetraploid Plants.—A majority of greenhouse-
grown tetraploid plants derived from the highly self-fertile 1167
diploid strain produced only a small amount of seed from self-polli-
nations enforced by the use of kraft paper sacks. Comparative seed
yields from greenhouse group isolations of the diploid and 4 n types,
respectively, indicated that the reduction in fertility of the tetra-
ploids was still quite evident but not as marked as occurs when kraft
sacks are used as isolators.

Under greenhouse-bagging conditions, most of 1llie diploid plants
from varieties U. S. 22, U. S. 23, and U. S. 215 were found to be
relatively low in self-fertility. From limited bagging trials it was
found that 4 n plants derived from the economic varieties were not
markedly altered with respect, to the degree of self-fertility.

It was evident that a doubling of the chromosome complement of
severa inbred strains, related to pedigree number 1167, resulted in
striking modification of yield and fertility. However, the same de-
gree of change may not necessarily apply to most 4 n strains derived
from heterozygous sugar-beet stocks. This result is similar to that.
noled for maize by Randolph (2) who found that a marked decrease
in vigor and fertility accompanied chromosome doubling in inbred
strains. Tetraploids from maize stocks not inbred were as vigorous or
more vigorous than the diploid parents, and were highly fertile.

The experimental production of polyploid strains of sugar beets
has increased the scope of genetic problems, particularly those relat-
ing to cytology, tetraploid inheritance, and fertility characters.

In so far as the work has progressed, it may be concluded that
doubling of the chromosome number in sugar beets has not generally
resulted in greater productivity as compared with the original diploid
varieties. On the other hand, the occurrence of a few 4 n strains
which possess good vigor brings up the question whether, by dis-
criminating selection and breeding, tetraploids may not be found
which will eventually prove to be of value to the plant breeder.
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