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Introduction 

In recent years sevE'r<l1 studies have been made on the possible 
role of phenolic compounds in leaf spot resistance in sugar beets. 
One of the most import<lnt of these compounds in sugar beet 
leavE's is 3-hydroxytyramine. The act ivity of the oxidizing enzym e, 
polyphenoloxidase, and the subsequent uxidation products from 
phenolic compounds, also function in the expression of leaf 
spot resistance. This paper discusses experiments conducted in 
1963, 1964 and 1963 on the interrelation of 3-hydroxytyramine 
content and polyphenoloxidase of sugar beet leaves to weight 
per root and percen tage sucrose. The purpose was to obtain 
information about the distribution <lnd variability of 3-hydroxy­
tyramine and polyph enoloxidase between and within sugar beet 
genotypes and varieties. Such information is needed if 3-hydroxy­
tyramine relations are found to be of direct value in breeding, 
pathologic and physiologic studies, to increase leaf spot resistance 
in sugar beets. Equally important is the relation of 3-hydroxy­
tyramine to yield and quality characters. This is necessary for 
the simultaneous imprO\'ement of all the economic characters. 

Literature Review 
Interest was genera ted for further research on the phenolic 

compounds in sugar beets (Beta vulgaris L.) when H arrison et 
a1 (3)3 discovered that one of these phenolic compounds is posi­
tively associa ted with Cercospora leaf spot resistance. "When this 
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compound is oxidized in beet leaf extract it becomes highly toxic 
to Cercos1Jom betic'ola Sacc. grown in pure culture. This phenolic 
compound was later identified as 3-hydroxytyramine by Gardner 
(I). The methods for chemical determination of 3-hydroxytyra­
mine and its oxidizing enzyme, polyphenoloxidase, are described 
by Harrison et al. (2). The results of a study of the distribution 
of these two compounds in one population (A56-3) of sugar 
beets, as well as other chemical characters, and the mathematical 
transformations required to ohtain nomlality, are described by 
VIaag et al. (5). The distribution and variability of 3-hydroxy­
tyramine in this one sugar beet p()pulation ror one year was 
such that the possibility of genetic change by selection appears 
very likely. Differences between popUlatiollS also indicate ex­
cellent p()tential for genetic change II {arrison et aI. (2) 1. How­
ever, the relation to sucrose Zlnd yield are not well defined . It is 
known that ;)-hydroxytyramine content is highly variable and 
that extreme differences occur between and within leaves from 
the same plant, and from different plants of the same variety. 
These differences are apparently affected by local environmental 
conditions. A study of this variability, and of the development 
of a sampling procedure to obtain consistent estimates of 3­
hydroxytyramine content, is also reported by Harrison et a1. (2). 

The distributions of weig'ht per root and sucrose and their 
interrelations have been reported by Powers et al. (9), Payne 
et a1. (6) and Powers and Payne (7). These relations, where 
they are informative, will be presented here, but major emphasis 
will be placed on 3-hydroxytyramine content and its relation to 
root yield and sucrose content. The analysis will follow the 
general pattern described by Powers et al. (8). 

Materials and Methods 
\Ve llsed the following populations of sugar beels in the- three 

experiments. The leaf spot resistance is given at the right of 
each population; mr, moderately resistant; r, resistant; unk, 
unknown resistance. 

A56-3, a multigerm open-pollinated commercial variety, was 
used all three years. The hybrid (52-305CMS X 52-408, F,) was 
used in both 1964 and 1965. Hence eight different populations 
were used over the three years. SP 5481-0 (2n) and (4n) are 
diploid and tetraploid equivalents of a l11ultigerm open-pollinated 
variety. US 40J (4n) is the tetraploid equivalent of US 401 , a 
multigerm open-pollinated diploid variety. Among the four 
inbred parents involved in the three hybrid populations, 52­
305CMS is moderately high in leaf spot resistance while the 
other three are quite susceptible. 
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Leaf spot 
Variety 1963 resistance 

A56-3 Illr 

US 401 (4n) rl'lr 

(52- 305CMS X 52-407 , F,) IlIr 

1964 

A56-3 mr 
SP 5481-U (211) 
')P 54RI-O(4n) 
()~-305CM5 X 52-'108, F,) link 

1965 

.'\56-3 IlIr 

FC 901 l11r 

rS2-30SCMS X (52-430 X 52-407 , F ,) J OP unk 
(52-3050 '111'5 X 52-408, F,) unk 

The experimental materials were grown under irrigation 
at the Colorado State University Agronomy Research Center, 
Fort Collins, Colorado, and were planted on April 8, April 23, 
and April 8 in 1963, 1964, 1965, respectively_ The average grow­
ing season in Fort Collins is about 145 days. The field design 
was a randomized block with 40 replicates. In 1963, ten plants 
were harvested per plot for a total of 400 plants per population. 
fwelve plants were harvested for each plot in 1964 and 1965 , 
for a total of 4RO observations for each character in each popula­
tion. The same design was used in all years_ However, in 1965, 
two replicates were deleted from the analysis because of missing 
plots for two characters_ 

Individual plant data were obtained on all populations in 
all years for weight per root, percentage sucrose aneL ,'l -hydroxy­
tyramine content. Leaf samples for 3-hydroxytyramine were 
taken in mid-July in ]963 and 1964 and the first week of August 
in 1965. In 196.Q and 1964, the same leaves were used for poly­
phenoloxidase determinations. Complete analysis for polyphen­
oloxidase was made in 1964 only and sufficient material was 
available in only 26 replicates for this determination. Incom­
plete polyphenoloxidase data were available in 1963. The chem­
ical methods used for determination of 3-hydroxytyramine and 
polyphenoloxidase are the same as described by Harrison et a!. 
(2). 

The data were transformed to scales indicated by Maag et 
a1. (5) and the transformed data were checked for normality 
aud independence of means and variance. Population means and 
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variances were obtained for each year and analyses of variance 
were computed within and between years for each character. 
Genetic variances and heritabilities were computed for each char­
acter each year by using the F, variance as an estimate of environ­
mental variance. Correlations within populations were computed 
by using individual plant data for each pair of characters within 
years, and estimates obtained of genetic correlation. tTnivariate 
and bivariate frequency distributions were made and studied for 
identifiable numbers of genetic deviate'S. 

The univariate frequency distributions were partitioned for 
all populations for all years by methods of Powers et al. (8). This 
method adjusts the distributions to eliminate differences between 
replications within populations and differences between popula­
tions, resulting in a common mean for all populations. Using 
the nonsegregating population as an estimate of the environ­
mental distribution, the distributions of the segregating popula­
tions each year were partitioned at approximate points of intn­
section of the obtained and the estimated environmental curves. 
The identifiable numbers of genetic deviates were differences 
between obtained and estimated environmental distributions. 
The same partition points ·were used in the bivariate distribu­
tions for estimation of the identifiable numbers of genetic devi­
ates for combination of two characters. 

Results 
The population means and their standard errors for the 3 

years are reported in Table 1. The mean weight per root in 
kilograms and percentage sucrose show year and population dif­
ferences as expected. 

The means for 3-hydroxytyramine show extreme differences 
between years and between populations. Some of the year effects 
between 1963 and 1964 are probably due to changes in analytic 
methods since the determination method was modified in 1964. 
However, there is undoubtedly a true year effect as there is 
with weight per root and percentag·e sucrose, although year effect 
cannot be isolated from chemical technique for this variable 
in 1963 and 1964. I n the standard error for 3-hydroxytyramine 
from year to year, there is a corresponding change which may 
be partly due to changes in chemical procedure. But a positive 
relation between the means and variances appears to be partly 
responsible for these year-to-year differences. However, the cor­
relations between 3-hydroxytyramine and weig·ht and sucrose 
should not be affected by this change in chemical procedure. 

The highest levels of 3-hydroxytyramine each year occur in 
the F, hybrids. All of these hybrids in this particular study 



< o 
r 
.... 
~ 

Table I.-Population means and their standard e.Tors within yea"". Z 
? 

Population 
and year 

1963 

A56·3 
US 40 1 (4n) 
52·305CMS X 52· ·tOi F, 

Leaf spot' 
c1assifi· 
cation 

mr 
ror 
m. 

Root 
weight 

kg 

1.l' 1±0.032 
1.1 27 ±0.034 
0.974±O.017 

Percentage 
sucrose 

(t" 
I< 

15.38 ±0.069 
14.60 ±0.OS0 
16.15±O.0:;0 

3·hydroxy­
tyramine 

mg/ l00ml 

6.64±0.242 
7.96±0.27 1 

17.76±0.265 

Polyphenol­
oxidase 

optical 
density 

0.797 ±0.056 
1.0 J 5 ±O.038 
0.497 

.00 

'-' 
:>­z 
c: 

~ 
<.D 
O'l 
00 

1964 

.-\ 5fi·3 
SP :; '181·0 (2n ) 
SP 5481·0 (4n ) 
52-305CMS X 52-408. F, 

mr 

r 
unk 

0.5;' 1 :7: 0.012 
0.502 ± O.01 J 
O.572±O.O14 
0.556±0.009 

19.01 ±0.O46 
18.76 ±O.O43 
18.50±O.O56 
20.03 ±O.O30 

12.14±0.530 
8.67±0.390 

12.31±0.393 
23.55±0.S50 

1.005±0.015 
1.052±0.014 
I.009±0.014 
0.790±0.015 

1965 

A56-3 mr 0.fiS9 ± 0.OJ6 15.43±0.060 M .76±1.495 
FC 901 
52-~0'; CMS X (52-430 X 
52-305CMS X 52·408. F. 

52·407. F.) 
mr 

unk 
unk 

0.516±0.013 
0.4 17±0.O09 
0.566±0.OO9 

)4.27 ±0.Ofi9 
15.37 ±0.04B 
IS .28±0.033 

.27.S5± 1.217 
103.19 ±2.338 

G:l.3 1±J.192 

1 mr = moderately res·istant. 
r resistant. 

link = unknown resistance. 

-.:r.... 
"" 
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have the same female parent, 52-305CMS. The hybrid (52­
305CMS X 52-407, F ,) is ra ted as modera tely resistant to leaf 
spot; as is A56-3 which in 1963 had less th an one-halE as much 
3-hydroxytyramine. In 1964, SP 548 1-0 (2n) had the least 
amounl of B- hydroxy tyram ine but is classed as being a resistant 
variety, superior to 1\:')6-3 and th e Fr. 

The population differences are such tha t genetic manipula­
tion of the amounts o f 3-h ydroxyt yramine present should be 
possible. From th e popula tion means, it wo uld appear th at 3­
bydroxytyramine is no t clost' ly re lated ei ther to roo t weight or 
percentage sucrose. High leve ls of a ll three cha rac~ers occurred 
in the hybrid (!l2-!W5CMS X 52-408, f<', ) in 1904 ; wht reas, in 
1963 the hi Q, hest level of 3-h yd roxy tyramine occurred with the 
lmvest yielding popul a tion and the lowest level o f 3-h ydroxy­
tyramine occurred with th e highes t yie lding popula tion. 

Complete polyphenolox idase da ta (on 26 repl ica tio ns) were 
available o nl y in 1964 with some partial da ta in 1963 . Fairly 
large popula tion differences ex ist for qua n tity of this enzyme. 
T he lower levels of polyphenoloxidase occur in th ose populations 
which have high levels of 3-hydroxy tyramine and vice versa. It 
is difficult to infer a relation between polyphenoloxidase and 
weight per roo t ur percentage sucrose from I year with only 
four populations, but as with 3-hydroxytyramin e, a close rela ti on 
probably does not ex ist. 

For variance and correla tion anal ysis each of the charac ters 
in each year were transformed to th e scale indicated by ~VIaag 
et al. (5) . That is, the weight per root and 3-hydroxytyram ine 
were transformed to square roots, the su crose was untransFor med 
and the polyphenoloxidase was transform ed to th e antilog"" T es ts 
were perfurmed on each set to determine wht' th er or not th e 
transformations were successful in r emoving any relations be­
tween the means and variances which have commonly existed 
in these tyoes of data, and to determine if the data on th e trans­
formed scale are sufficicntly normal for valid tests followin g th e 
analyses of variance. 

Tests using the third and fourth moments aboul the mean 
vvere run on each variable, transformed to the scale recommended 
by Maag et al. (5), for each population in each year to determine 
whether or not the data were normally distributed . The tes ts 
were sensitive with the sample sizes used here. Many variables 
were significantly non-normal, considering variable within years 
within populations. For example, square root of weight per 
root was n ega tively skewed in three cases, positively skewed in 
one case and acceptably normal in seven cases. Sucrose, which 
was handled on th e arithmeti c scal e (the usual practice) .vas 
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found to be negatively skewed in eight cases, positively skewed 
in two cases and acceptably normal only once. Obviously, no 
transformation can possibly produce overall normality when one 
population is negatively skewed and another positively skewed 
in the same year. The chosen transformations are superior to 
no transformations and possibly allow an acceptable analysis. 

The relation between the means and variances for each vari­
able for each popu [ation in each year was also studied. The 
same lack o[ pattern was found with some significant positive 
relations, some significant negative relations and some non­
significant relations. It is impossible to remove the relation 
between means and variances in all cases ,,\lith a uniform trans­
Eormation. The mean-variance relation for the F/s used a a 
measure of environmental variability has heen removed or de­
creased in most cases, however. 

Analyses of variance were performed on the transformed 
data for each character for each year and reported in Table 2. 
The population and replication effects were significant for nearly 
a II characters in all years; however, the magnitude of these dif­
ferences is such that the population effect is of grea test concern. 
The population by replication interaction was significant for 
all characters except root weight. Environmental differences, 

Table 2.-,\naIyses of variance for weight per root (kg), perocntage sucrose, 3-hydroxy­
tFamine (mg/IOOml), and polyphenoloxidase (optical density), fOT three years. 

Mean square 
Year and Degrees Antilog1 

sourc(' of oC polypllenol­
variation freedom \ / Root Weight Sucrose \ / 3-hyrlroxytyramine oxidase 

1963 

Populations 
Replications 
P X R 
Residual 

:19 
78 

1080 

0.531 7·" 
0.0732 
0.0633 
0.0780 

240.174-3' < 

24.5461 " 
6.0961" 
1. 8e,3~ 

360.2464' • 
9.0966' • 
2.0861 " 
0.6972 

1964 

Populations 
Replications 
P X R 
Residllol 

:19 
11 7 

17fiO 

0.2161 " 
0.0400" 
0.0194­
0.0310 

21 :5 ."1142~ · 
12.6754 " 
3.8082' • 
0.9648 

?17 .4579 " 
32.8003' , 

4.0648" 
1.56 17 

1686.39 15 " 
079.2404 " 

86.0740' -
38.9127 

~ 
1965 

Poplllotions 
Repii<;ation s 
P X R 
Residual 

:17 
111 

1672 

2.5526 " 
0.0503 ' 
0.0288 
00299 

136.8993' , 
33.7621" 
4.5814" 
1.33 17 

2384.8758 " 
37.06 14'" 
12 .2 164 ' • 
4.9647 

, Degrees of rrccd()ll1 are 3, 25. 7:;, and I L 12. respect ju--:h. for each Sourc(' of vnria lion 
[or pol vphcnoloxiuase. 
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as indicated by the replication effects and the replication X 
population interactions, are minor as compared to the population 
effects. 

Combined analyses of variance were computed to evaluate 
the year effects and the population X year interactions (Table 
3) . A56-3 was used in all years and A56-3 and the F , (52-305CMS 
X 52-408) were common to 1964 and 1965. The anticipated 
year-effect is significant for all charac ters (when considering 
A56-3 only). For A56-3 and (52-305CMS X 52-408) Fl which 
were common to 1964 and 1965, the year effect, the population 
effect and the year-by-population interaction we~e all highly 
significant statistically. But, because these tests involve only 
two populations in two years , the results should be interpreted 
cau tiously. A study of the means (Table 1) indicates that the 
yearly population interaction (Table 3) exists but also indicates 
that if a population has a high yield, sucrose content or 3­
hydroxytyramine content in any year, that population will prob­
ably be relatively high in all years. The interaction stems from 
the fact that the population differences vary within years even 
though the general ranking is the same. 

Table 3.-Analyses o[ variance [or weight per root (kgs), percentage sucrose, and 
3·hydroxytyramine (trans[ormations as not·ed), three years (1963, 1964, 1965) combined. 

Degrees Mean square 
of 

Source of variation freedom V Root weight Sucrose V 3.hydroxytyramine 

Years 2 38.3445" 8843 .1000" 7690.8741" 
Populations within years 8 1.1 712" 191.5349" 1103.4368" 
Replications within yea rs 11 5 0.0546 23.4855" 26.1 326" 
P X R within yea rs 306 0.0340 4.6719" 6.5 173" 
R esidual 45 12 O.n-tIR 1.3086 2.6158 

A-56-3 only 

Between years 2 11805S' • 2002.4538" 1064.4'171 ' • 

A56-3 and (52-305CMS X 52-408) F, 

Years 0.9493' . 8104.2380' • 3443.7843" 
Populations 0.2953' . 93.3 355' . 1641.6128 " 
Y X P 0.6564' • 158.2'1 7:3 ' • (18.0632' • 

The correlations within populations and within years fOT 
each pair o[ characters are shown in Table 4. These correlations 
'were calculated from individual plant determinations and include 
both the genetic and ellvironmental correlation_ None of the 
correlations are large but many are significant_ The correlation 
between sucrose and weight is nega tive in most cases as is 
generally expected . 
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Table 4.-Simple correlation coefficients (r) within populations and years. Z 

9 
Year and character 

combination Population 
CJ) 

'---< 
>­

1963 

\ / Root weight vs. su,..c""r..,o_se....,..____ ~ 
.j R oo t weight vs. V 3·h ydroxytyramine 


Sucrose vs. v' 3·hydroxytyramine 

3·hydroxytyramine vs. polyphenoloxidase 


1964 

\ / Root weight "5. su,..c".r.,.os_e...,...___-,_ 

\ ,' Root weight vs. V 3-hydrox)' t yr aminc 

V R oor weight "5. antilog polyphenoloxidase 

Sucrose vs . V 3- h ydrox ytyramine 
Sucrose " S. antil og pol yphenoloxidase 

V 3· h ydroxy tyramine "s. antilog pol yphenoloxidase 

1965 

V Root ,,,eight vs. su,..cr..,o_se....,..____.,...­

V R oo t weight "s. V 
7
3·hydroxytyramine 


Sucrose vs. V 3-hyd roxytyramine 


A56·3 

-0.131" 

0.147' • 

0.197" 
-0.537" 

A56·3 

-0.175" 

0.059 

-0.037 

0047 
0037 

-0.406' . 

A56·3 

- 0.115 ' 

0.163" 

-0.012 

US 401 (4n) 

0.093 

0.156" 

0.204' • 

SP 5481·0 (2n) 

-0.053 

0.180" 

-0.046 

0.030 
0.196" 

-0.283" 

FC 901 

0.116 ' 

0.070 

0.139 ' • 

52·305CMS X 
52·407, F1 

-0.391" 

0.280" 

0.100' 

SP 5481·0(4n) 

-0.007 

0.117" 

-0. 100 

0.076 
0.048 

-0.209" 
52·30501S X 

(52.430 X 52·407, F1) 

-0.056 

0.063 

-0.119" 

Z,..
;;: 
;0 
-< 
~ 

<!:> 
0'> 
00 

52·305CMS X 
52·408, F, 

-0.4 12" 

0.239" 

-0.030 

-0.130 " 
0.154' • 

-0.330" 
52·305CMS X 

52·408 f l 

0.008 

0.044 

-0.080 

_1 

-1 
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Weight and 3-hydroxytyramine are positively related in all 
populations and years in this study. This relation is not large 
but is significantly greater than zero in most cases, indicating 
genetic linkage, epistasis or interallelic interaction. 

The relation between sucrose and 3-hydroxytyramine is 
somewhat erratic. Significant correlations exist in all years, and 
both significant positive and negative relations exist in 1965. 
These correlations are neither as high nor consistent as those 
between weight and 3-hydroxytyramine. Simultaneous selection 
for high Sllcrose and high 3-hydroxytyramine '¥ill probably 
present the same problems as selection for high sucrose and 
high root yield. 

A. significant negative relation exists between 3-hydroxytyra­
mine and polyphenoloxidase. The correlations of polyphenoloxi­
dase with weight per root are negative but not significant; 
whereas the correlations with Sllcrose are positive, with two sig­
nificant. This pattern is consistent with the preceding discussion 
as well as the patterns previously reported by Maag et al. (5) . 

The genetic correlations are presented in Table 5. These 
correlation coefficients were calculated from estimates of the 
genetic variances and covariances which, in turn, were estimated 
as differences between the respective variances and covariances 
of the segregating and nonsegregating populations. These genetic 
correlations should represent the genotypic relationship of the 
various characters. In testing these genetic correlations for sig­
nificance, the degrees of freedom for the genetic variances and 
covariances, and thus the genetic correlations were obtained 
from the theoretical form of the variance of the estimates of 
genetic variances and covariances. The number of degrees of 
freedom is generally considered to be the divisor in the equation 
for a variance. In this case if a~ (or cov!') = 0, the num~er of 
degTees of freedom is one-half that of the total within plot cor­
relation. Even a sizeable value for a~ will change this value only 
slightly; hence the degrees of freedom used for testing the genetic 
correlations were considered as a good approximation of the 
true number of degrees of freedom. It is apparent from the 
correlations of root weight with :l-hydroxytyramine for A!'i6-3 
over the three years that a year by genotype interaction is present 
and has considerable effect. The difference between populations 
is marked, indicating that the genes conditioning each character 
must be different in the different populations. In other words, 
each of these characters seems to be conditioned by several genes. 

The total genetic variance was com pu ted for each pOptI lation 
for each year based on the toted \II i th in-plot variance of each 
population and using the total within-plot variance of the 
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ZTable 5.-Genetic correlations within populations and years. 9 

Degree of 
freedom 

Year and character cOJubina tion (for testing r) Population 

1963 

V R oot weight vs. sucrose 

\1 Root weigh t vs. ' '' - t-- ~ e
V'''3;;- h -yd'rox-·y-'yra-m in-

Sucrose vs. V 3·hydroxytyramine 

1964 

y Root wei ght vs. sucrose 

V Root weight vs. Y' 3"·h ) d r- - 't}-T-a-m7in-e
· ""-'""ox)-:­

V Root weight vs. antilog pol yphenoloxidase 

Sucrose vs. V 3·hydroxytyramille 
Sucrose "5. antilog polyphenolox idase 

1965 

V Root weight vs. co-.,-- ____~su-,rose-;­
Y Root weight vs. Y 3·hydroxytyramine 


Sucrose vs. Y 3·h ydroxytyr amine 


178 

178 

178 

218 

218 

143 

218 
143 

226 

226 

226 

A56·3 

0.122 

0.038 

0.420' • 

A56·3 

-0.059 

-0.902" 

-0.008 

0.100 
-0.031 

A5 6·3 

-0.140' 

0.210 ' • 

0.093 

US 40 1 (4n) 

0.419" 

0.011 

0.336" 

SP 5481·0 (2n ) 

0.363" 

-0.074 

0.156 

Fe 901 

0.198" 

-0.047 

0.216" 

!? 
'-< 
> 
Z 
c:: 
>
'"-<-~ 
0> 
00 

SP 5481·0 (4 n ) 

0.279" 

- 0.203' 

-0.204' 

52·305CMS X 


(5 2·430 X 52·407, Fl) 


-0.022 

-0.065 

-0.1 29 

-' 
~ 
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nonsegregating Fl as an estimate of the environmental variance. 
Broad sense heritability ratio estimates 'were computed for each 
population for which an estimate of genetic variance could be 
obtained and are presented in Table 6. 

The heritability ratios for root weight and sucrose are quite 
consistent and little affected by years. However, the heritability 
ratios for 3-hydroxytyramine are affected by years. Therefore, 
the variability in quantity of 3-hydroxytyramine is affected both 
by the environment and by genotype and tends to detract from 
the value of the heritability ratios. It appears that little can be 
accomplished by a comprehensive study of the variability of 3­
hydroxytyramine until its environmental influences are more 
cleady defined. 

The estimates of identifiable numbers of superior and in­
ferior genetic deviates are also included in Table 6. These 
estimates are expected numbers of genetically inferior and 
superior individuals in each population for each character and , 
as such, provide an empirical comparison of the relative breeding 
value of each segTegating population . These expected numbers 
of genetic deviates in the case of 3-hydroxytyramine are of dubious 
value since the population variance can be gTeatly influenced 
by unknown environmental factors. One thing worthy of note 
and further study is that the estimate of superior genetic deviates 
is usually less than the estimate of inferior ones (classing high 
3-hydroxytyramine as superior). Identifiable numbers of genetic 
deviates should serve as comparative breeding values in the 
case of root weight and sucrose percentage. 

The association between the expected number of genetic 
deviates (in percent or the total) and heritability can be deter­
mined according to Powers et a1. (8), by their correlation. This 
correlation, if higb, would indicate that the populations were 
normally distributed, since Hecker (4) states that under condi­
tions of normality the proportion of genetic deviates should be 
a monotonic (increasing) function of heritability and, hence, 
an equivalent index. These correlations were calculated. For 
3-hydroxytyramine the coefficients were 0.88 and 0.85, respect­
ively, for heritability with the identifiable numbers of superior 
and inferior genetic deviates. These same correlations are also 
relatively high for root weight and percentage sucrose: 0.92, 
0.97 and 0.90, 0.86. In this experiment the heritability ratios 
and identifiable numbers of genetic deviates provide equivalent 
information, except that the identifiable numbers of genetic 
deviates allow one to see whether or not high and Imv deviates 
contribute equally to the genetic variability of the population. 
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Table 6.-Heritabilic} 
population. 

ratios (h') and identifiable numbers of superior and inferior gene tic deviates, expressed as percent of the total 
Z 
9 
~ 

Year and 
population 

1963 

V Weight per root 

Number of 
h" deviates 

Sup. Inf. 

% % 

h2 

Percentage sucrose 

Number of 
deviates 

Sup. I nC. 

% % 

V 3.hydroxytyramine 

Number of 
h ' deviates 

Sup. Inf. 

% % 

AntiioglO 
polyphenoloxidase 

Number of 
h2 deviates 

Sup. InC. 

% % 

'-< 
:>­
Z 
c:: 
:>­
:<> 
><: 

~ 
0> 
Cf) 

AS6-3 
US 401 (4n) 

0.623 
0.689 

J3.2 
14.5 

14.S 
16.8 

0.484 
0.61S 

7.5 
11.2 

8 .5 
8.0 

0.3·12 
O. j55 

8.2 
0.5 

13.0 
10.2 

1964 

AS6-3 
51' 5481·0 
SP 5481·0 

(2n) 
(4n) 

0.403 
0.418 
0.579 

5.8 
8. 1 
9.6 

7.3 
7.5 

11.7 

0.S82 
0.530 
0.725 

9.2 
9.6 

12.7 

8.5 
8.1 

11.5 

0.048 
0.000 
0.000 

1.5 
2.1 
1.2 

6.9 
7.7 
3.8 

0.421 
0.452 
0.371 

7.0 
9.3 
7.7 

9.3 
11.9 
11.9 

1965 

A56·3 
FC 901 

0.643 
0.S95 

13.4 
9.9 

13.2 
11.2 

0689 
0767 

16.2 
18.6 

11.0 
13.4 

0.483 
0.179 

7.9 
8.1 

11.2 
11.8 

52·305CMS X 
(52-430 X 52·407. f ,) 0.343 6.8 5.7 0.508 96 9.2 0.650 19.7 13.2 

I':l 
o...l 
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The partitioned bivariate distributions provide the identifi­
able numbers of genetic deviates for combinations of two char­
acters (Table 7). These are average numbers of individuals 
superior or inferior for two characters simultaneously. These 
values are a function of the correlation of two characters and 
their heritabilities, but they provide information not readily 
observable by studying the correlations and heritability ratios. 
For instance, it is apparent from Table 7 that there are no 
individuals superior for both 3-hydroxytyramine and poly­
phenoloxidase. This was not readily observable by studying the 
correlation coefficients and the heritability ratios. It would ap­
parently be futile to select for high 3-hydroxytyramine and 
high polyphenoloxidasc in the three populations studied in 1964. 
Genetic deviates superior for 3-hydroxytyramine and weight or 
sucrose occur with about equal frequency in all populations. 
However, the frequency is not very high indicating some diffi­
culty in selecting for these combinations. Genetic deviates 
superior for both weight and sucrose occur more frequently than 
any other combination of characters but there is a considerable 
difference between populations and possibly some difference be­
tween years. 

Discussion 
It is apparent from the means and partitioned univariate 

frequency distributions that there is considerable variability in 
quantity of 3-hydroxytyramine due to genotype. According to 
Maag et a1. (5), a larger proportion of this variability may be 
due to additive gene effects than in the case of root "veight and 
sucrose percentage. So it should be possible to shift the quantity 
of 3-hydroxytyramine by selection or choice of parents in a hybrid 
combination, provided the considerable environmental effect on 
3-hydroxytyramine can be separated from the genetic tffect. 
Further studies are currently under way in an attem pt to deter­
mine the environmental factors influencing 3-hydroxytyramine. 
Some difficulty might be experienced in advancing both root 
yield and quantity of 3-hydroxytyramine, as well as sucrose con­
tent and 3-hydroxytyramine. From those populations gTown in 
1964 it appears impossible to increase quantities of 3-hydroxy­
tyramine and polyphenoloxidase simultaneously. Since certain 
of these 1964 populations were quite heterogenous this relation­
ship might be expected to extend extensively through the species. 

Even though positive associations between quantity of 3­
hydroxytyramine and leaf spot resistance have been established 
by Harrison ct a1. (3) and }Vfaag et a1. (3), these data and those 
of Harrison et a1. (2) show that there are exceptions to this 
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Table 7.-HerilabiUty rat.ios (h') for the respective character5 in ord·er and identifiable 
number of geneti c deviates, expressed as percent of th e total population, ill sections 4, 
5, and 6 (superior) and in sections I , 2, and 8 (inferior) for Ole bivariate frequency 
distributions. 

Year, character, 
and population 

Herita bility 
ratio 

1st Va ... 2nd Var. 

Identifiable 
numbers o[ 

genetic d e\,jates 
Sup. InL 

h' h2 % % 
1963 

V Weight vs. sucrose ( n = 400 ) 

A56 ·3 0.623 0,484 ~.O 11.0 
US 40 1 (4n) 0.689 0.6 15 (R'.. J R.5 

V Weig'ht vs. V 3-hydroxytyrallline ( 11 = 400) 

A56-3 0,623 0.342 10,0 9.5 
US 401 (4 n) 0.689 0. :;55 8,8 8.8 

V 3-hydroxytyramine "S. sucrose ( n = 400) 

A56 -3 0.342 0,484 8.0 9.0 
US 401 (4n) 0.355 0.615 9.S 2.5 

1964 

V Weig ht vs, sucrose ( n = 480 ) 

A56 -3 0.403 0.:iR2 10,6 8.3 
SP 548 1-0 (2n) 0.418 u.,.,30 .I J.J 9.4 
SP 548 1-0 (4n) 0579 0.725 8,8 10 ,8 

\1 Weight "s. V 3-h ydroxy tyralllinc (n = 480) 

~ A56-3 0.403 0.048 '\,3 9.6 
SP 5481-0 (2n ) 0.418 .1(; 9.8 
SP 5481-0 (4 n ) 0.579 5.1 7.7 

V 3-hydroxytyrallli ne "s. sucrose ( n = 480) 

A56-3 0.048 0.582 79 9.4 
SP 5481-0 (2n) 0.530 7.5 6.0 
SP 5481-0 (4n) 0.725 6.2 4.0 

V Weight vs, antiiogIo polyphenoloxidase (n = 312) 

A56-3 0.403 0.421 - 13 5.8 
SP ",181-0 (2n) 0,'118 0.'152 5.4­ 7.4 
SP 0,181-0 (4 11 ) 0.579 0. 374 4.5 9.3 

Sucrose vs. an til og,o pol yphenoloxidase ( n =3 12) 

A56-3 0.582 0.421 5. 1 5.8 
SP 548 1-0 (2 n ) 0.330 0.452 11 .2 10.6 
SP 548 1-0 (4n ) 0.725 0,374 10.3 11.5 

V 3- hyd roxytyra mine vs. anl il og]o poly p he l101ox idase (n = 312) 

A56 -3 0.048 0.421 -3.5 - 1.0 
SP '""[RI-O (2n) 0.452 - 4.8 2.6 
SP 5481-0 (4n) 0.374 -5 ,1 4.5 

1965 

V Weighl vs. sucrose (n = 4·56) 

A56-3 0.643 0.689 17 .1 9.6 
FC 901 0595 0,767 2 1. 3 16.9 
52-305C MS X (52·430 X 5~ · f07, h ) 0,J4:J 0.508 11.0 7.9 

V ''''e ight vs . ,I 3- h ydroxytyralllinc ( 11 =456) 

A56-3 0.643 O.4W) 12.3 11.6 
FC 901 0.595 0,1'79 0.1 11.4 
52-305CMS X ( 52-430 X 52-407, h) 0.343 0.650 15. 1 11.2 

V 3- hyciroxyty ralllin e vs. SDcrose (11 = 456 ) 

A56- 3 0.483 0.689 12. 1 7.2 
Fe 90 1 0.179 0.767 11.4 4.2 
52-305CMS X (52- 430 X 52-407 , F, ) 0 .650 0.508 13.2 6.6 
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relationship. It is not a one-to-one association. It would appear 
that quantity of 3-hydroxytyramine cannot be used directly as 
a measure of leaf spot resistance. Further studies are being con­
ducted to determine the exact relationship of these two char­
acters and the relationship of leaf spot resistance with related 
phenolic compounds and their ox idizing enzymes. A direct 
quantitative determination of some compound as a precise 
measure of leaf spot resistance would be extremely valuable: 
but considering the number of alternative pathways that ex ist 
for most metabolic processes it would appear unlikely that any 
single chemical determination could serve as a direct and precise 
measure of leaf spot resistance. However, a combin'ation of two 
or more determinations might be a more precise and economic 
measure of leaf spot resistance than actual plant observations 
under leaf spot conditions. 

Summary 

Studies were made of the distribution and variability oj' :$­
hydroxytyramine and its oxidizing enzyme in sugar beet leaves 
between and within varieties to determine the quantity and 
Telationships of this phenolic compound with root yield and 
sucrose content. 

The study was conducted over 3 years and included eight 
different varieties and hybrids. Population differences in quantity 
of 3-hydroxytyramine and pol yphenoloxidase were of sufficient 
magnitude to indica te that genetic manipulation of each should 
be possible. Differences due to environment, years and replica­
tions, were also significant. Even thou gh the variety by year 
interaction was significant, the general ranking of their means 
was the same over years. 

T ota I correlations between 3-h ydroxytyramine and weiRh t per 
root were small but positive and generally significant. C(,rrela­
tions of 3-hydroxytyramine and sucrose percentage were positive 
and negat ive but low. Polyphenoloxidase and 3-hydroxytyramine 
were consistently nega tively correlated and relatively high. The 
polyphenoloxidase correlations with weight and sucrose were 
small and generally not significant. 

Genetic correlations indica te an effect of environment on 
genetic exprf'ssion and that differel1l genes are active in all popu­
lat ions for all characters . 

Broad sense heritability ratios were guite consistent for weight 
per root and sucrose content over years and populat ions , ranging 
from 0.403 to 0.689 and 0.484 to 0.767 , respectively. Heritability 
of 3-hydroxytyramine was affectf'd considerably by unaccountable 
environmental variability and ranged from 0 to 0.650. 
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Identifiable numbers of genet ic deviates for both univariate 
and bivariate frequency distributions were estimated. Using 
identifiable numbers of genetic deviates as expected breeding 
values, they correspond very closely to the heritability estimates. 
They have the advantage of showing whether or not high and 
low deviates contribute equally to the genetic variability of the 
popu lation. They also indicate the potential for simultaneous 
increase of any two characters. There were superior and inferior 
genetic deviates for all combinations of characters except 3­
hydroxytyramine and polyphenoloxiddse. 

It appears that quantity of :1-hydroxytyramine cannot be used 
as a direct measure of leaf spot resistance eveil though there is 
a gener,ll relationship between them. 
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