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Quality of the sugar beets delivered to the factories for pro-
cessing has become of considerable concern in many sugar-beet
producing areas of the United States. In some areas the percent-
age sucrose is so low that it is questionable whether factories can
continue to operate at a profit. It is thought that the application
of increased amounts of nitrogenous fertilizers may be responsible
at least in part for the decrease noted in percentage sucrose. The
purpose of this article is to report the results from some chemical-
genetic studies pertaining to quality in sugar beets (Beta vul-
garis L.) . Particular emphasis will be placed on the interrelations
of percentage sucrose, total nitrogen, betaine and glutamic acid.

Experimental Considerations

The design of the experiment is depicted by the tabulations
listed in Table 1. There are two treatments, fertilized and non-
fertilized. The fertilized plots received a surface application of
100 pounds of available nitrogen (N) and 250 pounds of available
phosphorus (P.0;) per acre on April 4, 1956. The fertilizer was
cultivated under with a rototiller. The experiment was planted
on April 10 and 11. On June 26, another 100 pounds of N per
acre were drilled in the center of each space between rows of the
fertilized plots. The fertilizer treatments are split blocks of repli-
cations and are randomized within each replication. The six
populations are randomized within each treatment. The locations
refer to the position of the eight plants harvested from each plot.
For more details about the experimental design see (7)°. .
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Table 1.—Sources of variation designated as main effects, and number of each.

Main effects Number
Replications 40
Populations 6
Treatments 2
Locations 8

The materials used in the study are populations and fertilizer
treatments. The populations are Ab4-1, A54-1BB, 50-406BB, 50-
406, ¥, hybrid, and 52-307. Ab4-1 is a commercial variety and
Ab54-1BB resulted from seed harvested from 25 mother beets of
Ab4-1. The 25 mother beets giving rise to population A54-1BB
were grown in an isolated seed plot along with 25 mother beets
from each of 22 other populations. This isolation plot was com-
posed of 25 rows in each of which one mother beet from each
population occurred at random, making a total of 23 mother
beets per row. Seed was harvested from all mother beets of
Ab54-1 on an individual plant basis and then was bulked to pro-
vide population A54-1BB. Seed saved from mother beets of 50-406
and handled in a similar manner produced the population desig-
nated as 50-406 BB. Hence, since 50-406 is an inbred, 50-406BB is
a topeross. Populations 50-406 and 52-307 are inbreds and the F,
hybrid population resulted from crossing them.

The methods used in analyzing the data have been reported
in previous articles (4, 5, 6, 7) . All the analyses for total nitrogen,
betaine and glutamic acid are from thin juice samples. These
three characters are reported as milligrams per 100 milliliters of
thin juice equated to a refractometer re'ldmg of 10. The method
of deter mmmg percentage of sucrose is standard with the sugar
companies and is well known. The data for glutamic acid were
transformed to logarithms for calculating variances, covariances,
regressions and correlation coefficients. However, the means for
glutamic acid as presented in the tables are calculated from the
data on the arithmetic scale.

The statistical constants employed in studying the data are
means, variances, covariances, regressions and correlation co-
efficients.

Both the environmental and genetic variabilities are subject
to a certain amount of control. The environmental variability
may be controlled to some extent by cultural and fertilizer prac-
tices and the genetic variability by breeding varieties and hybrids
giving the desired response to these cultural and fertilizer prac-
tices. The purpose of this article is to report the results from
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studies of the environmental and genetic variances in an attempt
to learn to what extent the environment and genotype can be
molded to suit the requirements of the beet sugar industry and
to learn what procedures to follow to accomplish the desired
results.

Method of Chemical Analysis

The method of determining total nitrogen was reported by
Payne et al., see (4).

Betaine

Quantitative determinations of betaine (trimethylglycine) in
thin beet juice samples were made by a procedure described by
Focht, Schmidt and Dowling (1). Aliquots of 5 ml of thin beet
juice samples were transferred at room temperature in 30 ml
beakers. The beakers were placed in the refrigerator at 3°C for
about 30 minutes. By experimentation, it was Tound that adjust-
ment of the sample to a pH 1.0 was not necessary, and since the
thin beet juice samples were not discolored, they were not filtered
through carbon. The samples were carried through the pro-
cedure outlined by Focht et al., with the above changes. The
milligrams of betaine per ml of sample were determined by com-
paring the readings obtained on the Beckman spectrophotometer
to the readings on a standard curve,

Glutamic Acid

The determination of glutamic acid content of thin juice was
indirectly the determination of glutamine in the original sugar
beet. During the oxalation process of preparing the thin juice,
some of the glutamine is converted to pyrolidonecarboxylic acid
(PCA) and some to glutamic acid, Wilson and Cannan (13).

Boiling with acid (2MHCI ) -

Heating 100°C for Pyrolidone- gysic solution (05N 1 ‘\":OH) :
utamine > mrbo\\llc glutamic

1 hour at pH 2- 10 acid Boiling near pH 7.0 gives acid

il
-

slow conversion (19 in 3
hours, 9897 in 50 hours @
100°C

Since it is more difficult to determine total glutamine and
PCA content than glutamic acid, we chose to hydrolyze the exist-
ing glutamine and PCA to glutamic acid and determine the total
glutamic acid.

Several methods of determining glutamic acid (2, 3,9, 10) in
thin juice samples were investigated. A chromatographic method
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was chosen. Several different hydrolytic procedures were tried on
the thin juice samples (8,12, 13). In each procedure, the hydro-
lyzing mixture was heated in a water bath for different time inter-
vals at boiling temperature (94°C).

Hydrolysis with 2-4 N HCI caused the formation of a brown
precipitate and a brown-colored solution which interfered with
spotting for chomatographic study.

Hydrolysis in a very basic solution showed good conversion to
glutamic acid, but the high alkaline salt content caused tailing
and irregularly shaped spots on the chromatogram.

Alkaline hydrolysis in 0.5 N NaOH heated for 6 hours in the
water bath showed complete conversion to glutamic acid on all
samples except those with very high glutamine. The PCA con-
version was about 989, complete at this time. The hydrolysate
was satisfactory for chromatographic purposes.

Method

One ml of the thin juice sample was transferred into a grad-
uated tube (15 ml centrifuge tube), and 0.1 ml of 5 N NaOH
was added and the mixture was heated in a water bath at boiling
temperature (94°C) for 6 hours. The water level of the bath
was maintained so that the digestion mixture in the tube was
always completely immersed. Also during the digestion a few
drops of distilled water were added at intervals to maintain a
volume of approximately 1.0 ml. After 6 hours, the samples were
removed, cooled to room temperature, and made up to a volume
of 2.0 ml with distilled water for spotting.

For one dimensional chromatograms, 5 microliters of the
diluted hydrolyzed sample were placed on Whatman No. 1 filter
paper (20 cm x 20 ¢m). The solvent used was 80 percent phenol
(Merck-reagent grade). The chromatographing was continued
until the solvent nearly reached the top of the paper (about 6
hours) . The papers were then removed, hung in a hood® to dry
over night at room temperature, then dipped in 0.3 percent
ninhydrin in 95 percent ethyl alcohol to reveal the spots, and
dried again, away from sunlight.

After 18 hours, the dried, stained papers were cut and passed
through the Spinco Analytrol which automatically measures the
density of the spot and records the measurement in square
centimeters. The concentration of glutamic acid in mg per ml
was determined by comparison of the sample readings to a stand-
md curve made fmm samples of an\ n concentration.

* Contamination I]\ some fumes mav cause discoloration to the stained papers later, if
care is not taken while chromatographs dry.
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Comparison of Warburg and Chromatographic Methods
for Total Glutamic Acid Determination

To check the accuracy of the chromatographic method for
determination of glutamic acid quantitatively, eight thin juice
samples, two known samples of glutamine and glutamic acid, and
two thin juice samples plus known amounts of glutamine and
glutamic acid were hydrolyzed and analyzed by the Warburg
method (11) and by the chromatographic method. The com-
parative results are shown below:

Deviation of

I I method IT from
Sample Warburg Chromatograph method I in Percent
no. Content (mg per ml) (mg per ml) (mg per ml) deviation
1 Glutamine 0.965 mg,ml 0.98 mg/ml +0.015 1.6
1 mg/ml
2 Glutamic Acid 0.965 0,99 +0.025 2.6
1 mg/ml
3 Thin Juice 0.43 0.48 +0.05 11.6
1 Thin Juice 0.885 0.96 +0.075 8.5
5 Thin Juice 0.685 0.76 +0,075 11.0
6 Thin Juice 0.815 0.83 +0.015 1.8
& Thin Juice 0.49 0.52 +0.03 6.1
8 Thin Juice 0.825 0 82 —0.005 0.6
9 Thin Juice 0.715 0.72 {-0.005 0.7
100 Thin Juice 0.72 0.70 —0.02 2.8
11 Sample 34 0.4
mg/ml Glutamine 0.78 0.81 +0.08 3.8
12 Sample 3 + 0.4
mg/ml Glutamic Acid  0.83 0.88 0.05 6.0
Average 9, difference 4759,

Since the laboratory facilities could not use the Warburg
method on 4300 samples, the chromatographic method was used.
Results

An examination of Table 2 reveals that there are differences
between populations and fertilizer treatments for percentage
sucrose, total nitrogen, betaine and glutamic acid. Also from
other data there were found to be marked differences between
replications for all of these characters. For example, replication
group 33 to 40 was found to be low in percentage sucrose and
high in total nitrogen, betaine and glutamic acid. The differences
between fertilizer treatments and replications are attributable to
environment. The differences between populations contribute
primarily to genetic variability. However, there is a negligible
amount in this experiment of environmental variability included
with the genetic variability due to differences between population.

Each population for each fertilizer treatment is composed of
320 plants. It is apparent that the differences between plants
comprise the total variability for populations within fertilizer
treatments. In turn this total variability of a given population
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Table 2—The means and their standard errors for percentage sucrose, nitrogen, betiine
and glutamic acid, population genetic studies 1956, fertilized and non fertilized.

Populaton
and Glutamic
treatment Sucrose Nitrogen! Betaine! acid*

Abd-1 o mg mg mg

Fertilized 16.8+0.10 46.8--1.44 116.6+ 1.53 80.1-+3.98

Non-fertilized 17.9+0.10 18.8--0.91 89 8+1.48 12.8 £1.87
AH4-1BB

Fertilized 16.74+0.12 44.84-1.42 115.11.49 4144279

Non-fertilized 17.84-0.11 16.940.7% 85.5+1.62 7.6+0.88
A0-406B1B

Fertilized 17.3+0.10 33.64-1.32 106.14+1.53 45.8 +3.50

Non-fertilized 17.640.09 12.640.62 69,9+ 1.40 6.4-4+0.03
50-406

Fertilized 16.10.09 31.2+4+0.82 125.3+1.97 17.5+1.35

Non-fertilized 17.4+0.08 14.64-0.59 73 44+ 1.55 8.04-0.92
F1

Fertilized 17.640.09 21.3+0.58 101.34+1.20 18.04-1.18

Non-fertilized 17.6+0.07 9.840.91 51 3+1.14 3.5-+0.28
52-307

Fertilized 16.6+0.09 18.6+0.46 108.7+1.22 10.040.50

Non-fertilized 16.50.10 11.140.28 79 8+4-1.38 3.0+0.14

! Milligrams per 100 milliliters of thin juice eguated to a refractometer reading of 10,

is composed of two parts, namely, that due to environmental vari-
ability within the experimental area and that due to heritable
differences between plants. The latter is termed genetic variability
and arises from the fact that some plants have different genotypes.
The results from the studies within populations and fertilizer
treatments will be considered first.
Environmental Variability

The correlation coefficients and the percentages of the variances
accounted for by regression are given in Table 3. They are
averages derived from the data for the inbreds 50-406, 52-307, and
their F, hybrid. Hence the correlation coefficients and regressions
measure the relations between characters attributable to environ-
mental variability. The data show the relations between per-
centage sucrose and total nitrogen, betaine and glutamic acid

Table 3.—Correlation cocfiicients and percentages of the variances accounted for by
regression, between plants, average of 50-406, Fi, and 52-307, environmental.’.

Correlation % accounted
coefficient for by
Characters correlated r regression
Fertilized
Sucrose vs. nitrogen —0.48 23.0
Sucrose vs. betaine —0.09 0.8
Sucrose vs. glutamic acid —0.28 7.8
Non-fertilized
Sucrose vs, nitrogen —0.30 9.0
Sucrose vs. betaine 0.03 0.1
Sucrose vs. glutamic acid —0.25 6.2

At the 0.05 level r = 0.06 and at the 0.01 Ievel v = (.08. These are approximations.



616 Jour~ar orF THE A. S. S. B. T.

on the fertilized and non-fertilized plots. The relations between
sucrose and nitrogen, and sucrose and glutamic acid are negative
on both the fertilized and non-fertilized plots. There seems to
be very little relation, if any, between sucrose and betaine. The
percentages of the variances accounted for by regression are not
great, the largest amount being 23.0 percent for sucrose and
nitrogen.

The mrre*spondilw‘ relations for nitrogen, betaine and glu-
tamic acid are given in Table 4. The 1cl.ttmns are all positive
and the :uut,]auun coefficients are considerably larger than those
involving sucrose. The highest correlation coefficients are for
glutamic acid and nitrogen and the lowest are for betaine and
glutamic acid. The percentages of the variances accounted for
by regression range from 16 to 46.2.

Table 4.—Correlation coefficients and percentages of the variances accounted for by
regression, between plants, average of 50-406, Fi, and 52-307, environmental.!

Correlation %% accounted
coefficient for by
Characters correlated T Tegression
Fertilized
Betaine vs. nitrogen 0.47 22.1
Glutamic acid vs. nitrogen 0.68 46.2
Betaine vs. Glutamic acid 0.40 16.0
Non-fertilized
Betaine vs. nitrogen 0.65 42.2
Glutamic acid vs. nitrogen 0.66 48.6
Betaine vs. glutamic acid 0.49 24.0
LAt the 0.05 level r = 0.06 and at the 0.01 level r = 0.08. These are approximations,

The conclusions that can be drawn from Tables 3 and 4 are
that, as regards individual plants, percentage sucrose is largely
independent of total nitrogen, betaine and glutamic acid. This
would indicate that there are environmental conditions which
allow individual beets to have fair amounts of nitrogen, betaine
and glutamic acid and still be fairly high in percentage sucrose.
If the agronomist can learn what these environmental conditions
are, it may be possible to follow cultural and fertilizer practices
that would result in higher percentage sucrose in beets delivered
to the factory.

The correlation coeflicients for glutamic acid and nitrogen
are positive and fairly high. Tt seems that more difficulty will be
involved in controlling the environment so that the commercial
crop harvested is low in one of these two characters and high in
the other. Manipulation of the environment may lead to low
betaine and high glutamic acid or vice versa as only 16.0 percent
of the total variance of one on the other is accounted for by re-
gression on the fertilized plots, and only 24.0 percent on the non-
fertilized plots.
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The correlation coeflicients and percentages of the variances
accounted for by regression for the two inbreds and the F, are
given in Table 5. The data are for the fertilized and non-fertilized
plots.

For the fertilized plots and for 50-406, sucrose is most closely
associated with nitrogen, 32.5 percent of the variance being
accounted for by regression. The only statistically significant
correlation mvolvmw sucrose and betaine is for inbred 50-406.
Again the relation is negative. However, only 6.2 percent of the
variance is accounted for by regression.

Table 5.—Correlation coclficients and percentages of the variances accounted for by
regression, between plants, enviconmental.!

Fertilized Non-fe rlllm.d
Correlation 95 accounted (.orrcl.iuon '}i.' accounted
Population and characters coefficient for by coefficient for by
correlated r regression r regression
50-406
Sucrose vs. nitrogen —0.57 382.5 —0.53 28.1
Sucrose vs. betaine —0.25 6.2 —A0.30 9.0
Sucrose vs, glutamic acid —0.39 15.2 —0.37 15.7
I
Sucrose vs. nitrogen —0.54 20.2 —0.36 13.0
Sucrose vs, betaine —0.01 0.0 —0.04 0.2
Sucrose vs. glutamic acid —0.31 9.6 —0.37 1%:5
52-307
Sucrose vs. nitrogen —0.51 9.6 0.0% 0.1
Sucrose vs, betaine 0.09 0.8 0.38 14.4
Sucrose vs, glutamic acid —0.11 L2 —0.06 0.4

LAt the 0,05 level r = 0.11 and at the 0.01 level r = 0.15.

The correspondinO' data for the non-fertilized plots are given
in Table 5 also. For 50-406, sucrose is negatively correlated with
nitrogen, betaine and glutamic acid and all the correlation co-
efficients are significantly different from zero. This is quite a
contrast with the correlation coefficients for 52-507.  For 52-307
the only statistically significant correlation coefficient is between
sucrose and betain and it is positive. Hence all populations do
not show the same relations between sucrose and nitrogen, betaine
and glutamic acid. Stated genetically there are interactions be-
tween genotypes and the environments. However, in no case is
more than 28.1 percent of the variance ol sucrose accounted for
by regression.

The corresponding correlation coefficients showing the close-
ness of the environmental relations for nitrogen, betaine and
glutamic acid on the fertilized plots are given in Table 6. The
correlation coefficients are all positive and significantly higher
for 52-307 than for 50-406 and the I*, hybrid. However, that for
glutamic acid and nitrogen is not significantly so at the 0.05 level.
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Again there are interactions between populations (genotypes)
and the environment. For betaine and nitrogen, the percentage
of the variance accounted for by regression is more than twice as
great for 52-307 than it is for the ‘other two populations. For
betaine and glutamic acid, regression accounts for approximately
four times as much of the variance in 52-307 as it does in the
other two populations.

Table 6.—Corrclation coefficients and percentages of the variances accounted for by
regression, between plants, environmental.!

Fertilized Non-fertilized
Correlation 9% accounted Correlation % accounted
Population and characters coeflicient for by coefficient for by
correlated r regression r regression
50-406
Betaine vs. nitrogen 0.44 19.4 0.73 53.3
Glutamic acid vs. nitrogen 0.65 42.2 0.79 62.4
Betaine vs. glutamic acid 0.32 10.2 0.68 46.2
F1
Betaine vs. nitrogen 0.40 16.0 0.58 335.6
Glutamic acid vs. nitrogen 0.71 50.4 0.62 38.4
Betaine vs. glutamic acid 0.54 11.6 0.57 13.7
52-307
Betaine vs. nitrogen 0.65 42.2 0.59 34.8
Glutamic acid vs, nitrogen 0.74 54.8 0.47 22.1
Betaine vs. glutamic acid 0.65 42.2 0.32 10.2

At the 0.05 level r = 0.11 and at the 0.01 level ¥ = 0.15.

The corresponding data for the non-fertilized plots are given
in Table 6 also. Here the relations are reversed as the hltrhe]
correlation coeflicients are found within population 50- 406 as
compared with 52-307. The percentage of the variance accounted
for by regression is considerably higher for 50-406. Comparing
the data for the two fertilizer treatments it can be seen that there
is a distinct genotype-environment interaction.

In addition to the data for individual plants within the inbreds
and F, hybrid, the differences between fertilizer treatments and
the differences between replications provide a means of studying
the environmental inter-relations between sucrose and nitrogen,
betaine and glutamic acid, and between nitrogen, betaine and
glutamic acid. The combined data for the fertilized and non-
fertilized plots are given in Table 7. The correlation coefficients
for sucrose and nitrogen, and sucrose and glutamic acid are ex-
tremely high, a little over 80 percent of the environmental var-
iance being accounted for by regression. The relation is negative.
Also the relation between glutamic acid and nitrogen is extremely
high and positive, 91.5 percent of the environmental variability
being accounted for by regression. This means that those cultural
and fertilizer practices which tended to increase nitrogen and the
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nitrogenous compounds on the average correspondingly decreased
sucrose.  On the other hand, cultural and fertilizer practices which
tended 1o increase total nitrogen also tended to increase cor-
respendingly betaine and glutamic acid. These data dehinitely
point out the advantages ol using sound lertilizer and cultural
practices.  Much can be accomplished toward increasing the
percentage ol sucrose in the sugar beets delivered to the lactory
by so doing.

Table 7.—Correlation cocHicients and peveentages of the variances accounted for by
regression, between replications, environmental.!

Correlation % acconnted
cocicient’ for hy
Cluracters correlated 5 regression
Suerose vy, nitrogen —0.49]1 R3.2
Sucrose vs, bhetaine =070 8T
Sucrose v, glutamic acid —-0.90 814
ine s, nitrogen (.88 6.7
ic acid vs, nitrogen 0.96 91.5
€ s elutamic acid 0,84 0.4

Al the 0,05 level v = 0.50 and a1 the 0,00 level ¢ 0.39.
Genetic Variability

[t has been seen that much can be accomplished by controlling
the environment,  Next, the bearing the data have on the inter-
relations between percentage sucrose, total nitrogen, betaine and
glutamic acid and between total nitrogen, betaine and ¢lutamic
acid will be considered. Again the correlation cocthcients and
regressions will be studied in connection with the genctic var-
iances to determine these relations.

The data for the individual plants are given in Table 8. These
arc averages over the three seqregating populations.  Percentage
sucrose is neeatively associated with total nitrogen, betaine and
elutamic acid on the fertilized plots and with nitrogen on the
non-fertilized plots. The associations between sucrose and nitro-
oen and between sucrese and betaine on the lertilized plots do
not differ materially.

Table 8. —Correlation coctficients and percentage of the variances accounted  for by
regression, between plants average of AS4-1, AS-IBB and 50-106BB, genctic)

Correlation Ce accounted
cocllicient for by
Characters correlated r regression
Fertibized
Sucrose va, nitrogen 0,50 9.0
Sucrose vs. betaine =0..1 1.6
Sucrose ve glutamic acid —0.20 1o
Non-levtilized
Sucrose vs. nitrogen 052 0.2
Suerose v, beraine 0.06 0.4
Suerose v glutmic acid 005 0.2

A the 0.05 level v = 0.0G and at the 0,01 Tevel v = 008, These are approxim: tions,
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Corresponding data for toral nitrogen, betaine and glutamic
acid are listed in Iablc 0. Again these v alues are over-all av crages
for the segregating pnpu]at}(ms~ On the fertilized plots the cor-
relation cocllicients are pmili\-‘c and highest lor betaine and total
nitrogen, next highest Jor glutamic ac id and nitrogen and lowest
for betaine and n}\,lld?]ll{, acid.  On the non-fert ilized plots the
correlation coeflicients are highest for glutomic acid and nitrogen
and fowest for betaine and glutamic acid.

Table Y.—LCorrelation coctficients and percentage of (he variances accounted fov by
vegression, betwern plangs, average of A34-4, ASGIBB and 50-400BB, goneric)

Correlation % accounted
coetlicient for by
Characters correlated r regression
Tertilized
Betainge vs. nitrogon .64 5.6
Glutamic acld vy, witrogen 0.45 20.2
Betaine vs. glutamic acid 0,04 0.2
Non-tertilized
Beraine vy, nitrogen 0.39 15.2
Glutmmic acid vs, uityozon 074 558
Betaine vs. glutanmiie acid 0,30 9.4
PAdhe 0005 fevet v oo 006G and at the 0,01 Tevel v Q.08 These ave approximarions,

The data for each ol the three segregating populations are
listed in Table 10, On the Tertilized phm e highest correlation
coctlicients involving the genetic variances and covariances are for
population 564061 . ”I'"hcy ave all negative. The same is true
of population AB-1BD, except that the correlation coefficients
are not nearly so Ingh. In population AS-1BB the greatest
amount of the variance accounted for by regression is 9.0 percent
and 1t 1s for sucrose and nitrogen. The only significant corrvelation
coefhicient for Ab4-1 is berween sucrose and betaine.  Clearly,
populations differ in the closeness of the relation between sucrose
and total nitrogen and between sucrose and the nitrogenoas-com-
pmmds as refnnds the genetic variability on the fertilized plots.
It should be much easier o breed high sucrose at the higher
fertility level working with Aj4-1 than to do so by working with
30-406BD.

The data in Table 10 show that on the non-fertilized plots the
relation between sucrose and total nitrogen is negative for all
three segregating populations. This is also true of sucrose and
betaine and sucrose and glutamic acid for A=}, The relations
between sucrose and these two nitrogenous compounds are posi-
tive and significant for A34-1BB. Tor population 50-406BB the
corrclation coeflicients are not siomﬁ(fmt v different from zero.
Comparing the correlation coclficients for populations and treat-
ments reveals that again there is a decided genotype-environment



Vor. XI, No. 7, Ocrorer 1961 621

Table 10.—Correlation ceefficients and percentages ol the variances accounted for by
regression, between plants, genetic.!

Fertilized Non-fertilized
Correlation % accounted (A)lltliltlul‘l % accounted

Population and cocHicient Tor by coeflicient for by
characters correlated r regression r regression
Add-1

Sucrose vs. nitrogen 0.04 0.2 —(.52 27.0

Sucrose vs. betaine —0.42 17.6 —0.14 2.0

Sucrose vs. glutamic acid —0.04 0.2 —0.27 7.3
AS4-1BB

Sucrose vs. nitrogen —0.30 9.0 —0.12 14

Sucrose vs. betaine —0.18 Bt 0.20 4.0

Sucrose vs. glutamic acid —0.27 73 0.30 9.0
50-406BB

Sucrose vs. nitrogen —0.63 40.0 —0.32 10.2

Sucrose vs. betaine —0.81 65.6 0.08 0.1

Sucrose vs. glutamic acid —0.83 68.9 0.04 0.2

LAt the 0.05 level v = 0.11 and at the 0.01 level v = 0.15. These are approximations,

interaction. In no case are the percentages accounted for by
regression large.

The data showing the genetic relations between total nitrogen
betaine and glutamic acid for the fertilized and non-fertilized plots
are listed in Table 11. On the fertilized plots correlation co-
efficients are positive and highest for 50-406BB. The association
is particularly high between total nitrogen and glutamic acid for
populations A54-1BB and 50-406BB. In all three segregating
populations the correlation coefficients are positive and rather
high for total nitrogen and betaine. For populations A54-1 and
A )4 IBB the (()!1(3[<1l1011 coeflicients for betaine and glutamic acid
are not significantly different from zero.

Table 11.—Correlation coefficients and percentages of the variances accounted for by
regression, between plants, genetic.!

Fertilized Non-fertilized

Correlation ¢ accounted Curul.ulon % accounted

Population and coefficient for by coefficient for by
character correlated r regression r regression
A54-1

Betaine vs. nitrogen 0.64 11.0 0.69 17.6

Glutamic acid vs. nitrogen 0.23 5.3 0.80 64.0

Betaine vs. glutamic acid —0.02 0.0 0.63 39.7
A54-1BB

Betaine vs. nitrogen 0.61 37.2 0.16 2.6

Glutamic acid vs. nitrogen 0.90 81.0 0.64 41.0

Betaine vs, glutamic acid —0.03 0.1 —0.35 12:2
50-406BB

Betaine vs. nitrogen 0.86 74.0 0.28 7.8

Glutamic acid vs. nitrogen 1.00 100.0 0.69 47.6

Betaine vs. glutamic acid 0.42 17.6 0.54 26.2

1At the 0.05 level r = 0.11 and at the 0.01 level r = 0.15. These are approximations.
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The data showing the genetic velations between total nitrogen,
betaine and omtamic ac 1(1 for the non-fertilized plots arve given
i Table 11 also. The (olwhmon coctlicients axe highc {or
AS4-1 than they are for H0406BB. T'his is the reverse of what
was true on the fertilized plots. The values are lowest for Ab4-
BB, being negative lor betaine and glutamic acid, Again there
are decided genotype-cnvironment interactions as evidenced by
comparing the percentages of the variances accounted for by re-
gression for populations and fertilizer treatnents.

Comparisons between the cnvirmnncmal and  genetic cor-
relation coeflicients and percentages of the variances accounted
for by regression between replications and between populations
are given in Table 12, The relations between percentage sucrose
and total nitrogen, and percentage sucrose and glutamic acid
are extremely hig‘h for environmmental,  In both cases better than
80 percent of the environmental varviability of percentage sucrose
is accounted for by regression. The relation between sucrose and
betaine is also ncgari\'c and fairly close. This means that cultural
and fertilizer practices have to be such as not to yesult in excess
amounts of nitrogen and nitrogenous compounds if beets high
in percentage sucrose arve to be produced. These arve environ-
mental influences and are subject to considerable immediate
control,

Table 12 —Correfation coefficients and percentages of the variances accounted for by
regression between xeplications and between populations, envivonmentil and genetic,

Correlation 2% accounted
coctlicient for hy
Chryacter and vaviability T regression
Sucrose vs, nitrogen
Environmentaf? —0.91 R3.2
Genetic? .28 Th
Suerose vs, betaing
Environmental 070 87
Genetie? 0.6 213
Sucrose v&, glntamic acid
Environment, s 0,90 81
Genetic? 0.50 5.0
PAC the .05 lovel ro= 030 and at the 0,01 Jovel ¢ = 0234
24 the 0,05 Tevel v o= 01D andd at the 0.0T Tevel v o= 0,15, These are approximations,

The data for the variability due to genetic causes present a
different picture. The corrclation coeflicients are [Tuctuating about
zero showing that probably very littde of the genetic variances ave
accounted for by regression.  In the studices of the genetic var-
iances and covariances withm and between segregating popula-
tions the degrees of Ireedom ave suflicient to gi\'c a high degree of
rchability. It will be remembered that for these data in popula-
tions AS4-1 and AS4-1BB in no case was more than 27 percent of
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the genetic variability accounted for by regression (see Table 10) .
This was true for both the fertilized and non-fertilized plots. How-
ever Lor the segregating population 50-406BB on the fertilized plots
the correlation coeflicients werve negative and as much as 69 per-
cent ol the variance of sucrose was accounted for by regression,

T'he corresponding environmental and genetic data involving
the correlation coefhicients and the percentage ol the vaviances
accounted for by regression arve given in Table 13 for total niwo-
gen, betaine and glutamic acid. The associations are close and
positive as regards both the environmental and the genetic com-
ponents of varviability, 'The exception is the genetic variability
mvolving betaine and glutamic acid. Here only 27 percent of
the genetic variance 1s accounted for by regression.

Table 1%—~Corvelation cocfficients and percentages of the variances accounted for by
regression, envivonmental and genetic,

Correlation %z accownted
coellicient for by
Characters and variability ¥ regression
Betaine vs, nitrogen
Envivonmentals .58 76.7
Genetie? 0.72 51,9
Clutamic acid vs. nitrogen
Envirommental? .98 1.5
Genetie? 0.95 00,4
Beraine vs, glutamic acid
Envivonmental: .84 0.4
Conetic? 0.52 27.2
T AL the 0.05 Jevel v 030 and at the 00 level 1= 00540,

AL the 005 level v 001 and at the 800 Tevel v = 0,15, These ave approxinmations.

Discussion

These researches show that much can be accomplished to -
prove the quality of sugar beets by cultural and fertilizer practices.
Also they show that much can be accomplished by the plant
hreeder. However, to capitalize on the maximum potentials of
the cultaral and fertilizer practices and on the improved hybrids
or strains produced by the plant breeder, the two must be com-
bined into one effort. That 1s, proper cultural and fertilizer
practices must be accompanied by the use of hybrids or varietics
bred to give the desired performance under the cultural and
fertilizer practices found to give the best results. To appreciate
fully this statement let us again consider the data listed in Table 2.

From a comparison of the ferdlized and non-fertilized plots
of Table 2, 1t 1s clear that without exception the [ertilizer used
has increased the total nitrogen, betaine and glutamic acid in all
six populations. These increases have been accompanied by sig-
nificant decreases in percentage sucrose in three of the six popula-
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tions but such is not true for the other three, Two of the three
populations showing no significant decrease in percentage sucrose
are hybrids and the other is inbred 52-307. The two hybrids
have high percentage sucrose on both the fertihized and the non-
fertilized plots, whereas, the inbred, comparatively speaking, has
low percentage sucrose on both the {ertilized and non-fertilized
plots. Tt is clear that the two hybrids arve capable of producing
bigh sucrose at the higher fertlity level.

OFf considerable importance 1s the yeason why the two hybrids
are capable ol producing high sucrose at the high lertility level,
whereas, the commercial variety A34-1 and the broad genetic base
AB4-1BB derived from 1t are not (::zpuhle of so doing.  Consider
further the data for A34-1 and the two hybrid populations 50-
406BDB and the F, (30-406 x 52307y grown on the fertilized plots.
The T, is Tower in concentrations of total nitrogen, betaine and
elutamic acid., These data indicate that the conceutrations of
nitrogen and the two nitrogenous compounds ave rather closely
associated with percentages of sucrose and hence probably ol con-
siderable importance.

This raises the question as to whether all genotypes react the
same. The data are presented in Table 14, On the fertitized
plots the data for Ad4-1 are 46.8, 116.6 and R0.1 and the per-
centage sucrose is 10.8, the data {or 30406 are 31.2, 125.3 and
17.3 and the percentage sucrose is 16,1, and finally the data for
the topeross (50-406BB)  involving this inbred arve 33.6, 106.1
and 45.8 and the perccmmrﬁ sucrose is 17.3. These comparisons
show that some genotypes have lower concentrations of betaine in
the thin juice than others but do not differ greatly in the con-
centration of total nitrogen. Since 30-406 is high in betaine and
50-406BB is not, this might indicate betaine is more closely asso-
clated with low sucrose. owever, rhis is not substantiated
the study of the environmental variances and covariances, as less
of the environmmental variance ol percentage sucrose is accounted
for by regression of sucrose on betaine than by sucrose on total
nitrogen and sucrose on ghutamic acid. The data as a whole scem
to indicate that the two h\ brids capable of producing high sucrose
at the higher fertility lev ¢l do so because the absorption, translo-
cation and metabolic processes are such as to resule in different
concentrations of total nitrogen and total nitrogenous compounds
in the thin juice as compared with the commeveial vaviety and
the inbred.

The data in Tuble 15 provide some intormation as to why

the I, hybrid is capable of producing high percentage sucrose at
the higher fertility level. Consider fivst percentage sucrose, The
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Table 14~3eans and their standard errors for pereentage sucrose, nitrogen, betaine
and glutamic acid for AG1-1, 5040685 and 50-406.

Population and Glutamic
treatment Sucrose Nitrogen Betaine acid
“ g mg g
At
Yertitized 16.840.10 46,8 - 1AL T16.6 51,530 ]0.3- B.OR
Non-fevtilized 17.04+0.10 8.8+ 0.91 2080148 P28+1.87
S 1U6BE
Fereilized 17.5.4:0.10 6.1 1.3%
Non-fertitized 17.640.00 60.9-: 140
501406
Foertilized 16,1000 3L2-+-0.82 125.3-01.07 17,34 1.85
Non-fertilized 17. t;f() R 162050 73542150 B 0»‘ 0,92

fact that 50-406 produced 174 percent sucrose on the non-
fertilized plots shows that it has the potential for high sucrose
production. That 1s, it has genes capable of (ondluonmo high

sucrose under the proper environment.  On the other hand 52- 307
does not have the genes for conditioning high sucrese but does
have the genes that Le(p total nitrogen, bemmc and ghutamic acid
low in lhc thin juice at time of }mrwst. The F, w;ud setween
50406 and 52-307 inherits genes lor high sucrose production
from 50-406 that arc at least phenotypically dominant and genes
from 52-307 that are Ih(ll()t}pl(d ly dominant for low total nitro-
gen and low betaine i the thin juice. Hence, the absorption,
translocation and metabolic processes of the T, hybrid result in
high percentage of sucrose at both f{ertility levels,

Tahle 15—Means and theire standard orrors for percentage sucrose, nitvogen, hetaine
and glutamic acid for the two inbreds and their ¥: hybrid.

Population and Glutamic
treatument Sucrose Nitrogen Betaine acid
o, my my myg

A1 406

Fertilized 3124082 12534+ 1.97 17.3-+1.55

Nan-fertilized TE5A =100 RO+0.02
¥

Fertilized 4 101,52 1.20 180118

Non-feriilized 17. t)“ 0.07 5} ‘-l 14 350,98
52-807

Foertitized 16,6 40,09 108.7 1.1.22 1001050

Non-fertilized 1654010 7O82-1.38 3.04 011

The data on the corrclation coeflicients and the percentage
of the variances accounted for by regression show that there are
niteractions between genotypes and the environments. Further,
the studies show that these interactions are such that it should
be possible to make decided progress in improving the quality
of the bects delivered to the factory through the joint cfforts of
chemists, soil scientists and plant breeders,  Simply stated, sugar
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beets can be bred which, i grown under specified and attainable
cultural and lertilizer practices, will have the desired chemical
censtituents to meet the requirements lor high processing quality.

Summary and Conclusions

(1) TIn this study there were three segregating and three non-
segregating populations.  They were grown at two soil [ertility
levels and there were 40 wpl:mlmm The populations were
randomized within treauments and replications.

(2)  This design ol the experiment provided a measure of
environmental and genetic variability, "T'here were three measures
¢l the environmental variabilivy: that due to differénces between
replications: that due to differences between plants in the non-
segregating populations: and rhat due to differences hetween
fertilizer treatments. There are two measures ol the genetic
variability: that due to differences between plants having different
genotypes in the segregating populations: and that due 1o differ-
ences between means of the populations. The variances and co-
variances of the non-segregating populaticns [urnish an estimate
of the environmental variances and covariances of the segregating
generations and hence provide a means of estimating the genetic
variances and genctic covariances for these gencrations,

(3) In this experiment the differences between populations,
soil fertility levels and replications for the characters percentaoc
sucrose, total nitrogen, betaine and glutamic acid arve statistically
significant. This can be shown by tests (see Table 2). Such being
the case these data should provide inlformation on the interrela-
tion ol these characters. Variances, covariances, correlation co-
clficients and regression are calculated and used to study the inter-
relations of the (hun(lu»

(4) A high proportion of the environmental variance of per-
centage of sucrose was [ound to be negatively associated with total
nitrogen, betaine, and glutamic acid. This showed that an in-
crease in the applications of nitrogen-containing fertilizers re-
sulted in an increase of total nitrogen. betaine and glutamic acid
in the thin juice. Certain concentrations ol these nitrogen con-
stituents were accompuanied by a decrease in percentage sucrose.
The concentrations at which this decrease in percentage sucrose
occurred were found to differ with populations. That is, there
is a genotype environment interiaction.

(5)  The study of the genetic variability showed that the re-
lations between percentage sucrose and total nitrogen, betaine
and glutamic acid are much less marked. The genorype environ-
ment interaction was substantiated. This showed that genotypes
differ in the amount ol nitrogen constitnents i the thin juice
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and that this difference between genotypes is not necessarily the
same for the two fertility levels.

(6) A study of the environmental variability for total nitro-
gen, betaine and glutamic acid revealed that all are positively
associated and that the relation was closest for total nitrogen
and glutamic acid. Glutamic acid and betaine were not nearly
so closely associated. It seems that it would not be possible by
altering cultural and fertilizer practices to vary total nitrogen
much without affecting glutamic acid to some extent and in the
same direction,

(7) A study of the genetic variability for.the nitrogen con-
stituents showed that total nitrogen, betaine and glutamic acid are
positively associated and to nearly the same extent as found for
the environmental variability. Again, betaine and glutamic acid
are the least closely associated. Hence breeding programs de-
signed to do so should be able to recombine these latter two
nitrogenous compounds in different amounts. This finding may
have considerable practical application to the breeding of popula-
tions of sugar beets for the production of both sugar and mono-
sodium glutamate.

(8) The data indicate that decided increases in percentage
sucrose can be obtained on high fertility soils by breeding popuh-
tions of sugar beets adapted to growing under these conditions.
In this atudy on an average such populations had lower con-
centrations of nitrogenous constituents in the thin juice. A study
of the means showed that the two hybrids were such populations
and were capable of producing high percentage sucrose at higher
fertility levels.
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