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Introduction 
A phenolic compound, 3-hydroxy tyram ine, identified by Gard­

ner (5) ", 'was shown by Harrison et a!. (6) to be closely associated 
in its oxidized [arm with resistance to Cercosj)ora beticola Sao:. 
(leaf spot) in culture. Polyphenolox idase may be the ()xidi7ing 
enzyme activated by some ca talyst. Reports in the literature 
(11 ,12) indicate that divalent metallic ions may act as catalysts 
for this oxidizing reaction in various plants. These studies wen: 
conducted in an attempt to link certain cations and other ch em­
icals in the leaf and root tissue to leaf spot resistance and to 
evaluate the interrelations of vari()us chemicals. Copper was of 
particular interest since it appears as the central atom in the 
polyphennloxidase enzyme molec ule. 

Materials and Experimental Design 
The materials used in this experiment were from the sugar 

beet vari ety A56-3 and self-pollinated lines of A56-3 (SJ's). This 
is an open-pollinated com mercial variety adapted to the east 
slope of the Colorado mountains. Fou r hundred and forty ran­
dom plants of the A56-3 were self-pollinated in 1964. From these, 
180 plants produced enough seed under the bags so that they 
could be planted in two tests as one row plots. Both tes ts were 
planted at Fort Collins, Co19rado; the one in the leaf spot nursery 
was pl anted May 6, 1965; the one grown under disease free 
conditions was planted April 8. The field design consisted of 
10 blocks of 20 entries each. In each block, 18 entries were S1 
I ines and the remaining 2 entries were A56-3. Since A56-3 ap­
peared twice in each block, it provided the opportunity to adjust 

1 Joint contribution of the Crops Research Division, Agricultural Research Service, U. S. 
Department of Agriculture and th e Colorado Ag ricultura l Experiment Station. Colorado.. 
Agricultural Experiment Station Scientific Series No. li S!. 

2 Chemist, Crops R esearch Division, Agricultural Resea rch Service, U. D. Department 
of Agriculture , Professor of Chemistry, Colorado Stale Un iversity, Graduate Ass istant, 
Chem istry Department, Colorado State Un ive rsity , R esearch Genet. icist, Crops Research 
Division , Agricult ural R esearch Service , U. S. Department of Agriculture, Professor of.. 
Mathematics and Statistics, Colorado State University , and Research Chemist, Crops Research 
Division, Agricultural Research Service, U. S. Department of Ap;riCilltme. fort Collins. 
Colorado, respectively. 

~ Numbers in parentheses l"efer to li terature cited. 



_ __ 

hOI; or .\. S. S. 1\. T. 

for block differences if these differences 'ixere The 
data 'were taken on J. from dIsease free Twelve 
root were 
ments were made for root 

content were determined 

were taken From the 
made in leaf spot nursery, fhe 
method from 0 to 10 was 0 
1() defol iation.' It was necessarv to 
the plan1s in areas so that the characters atlle; than 
spot resistance could be determined 
lationships of these characters might 

from diseased 

on 
be 

plants. The re­
il 'were oJ>­

obtai ned on the 

Methods 
The thin juice ,vas from 

rnethod Brown and Scrro 
The [01 

Payne C't al. 
sucrose, pmity 01 thin j l1lg 
and .:\l per juice, Chlorides were delermined In 

on the thin puce with a chloride tit1'ator. The 
and pol 

samples as described by 
The leaf samples were 

tion of copper on an atomic 
o[ center-clIt leaves 

in an oven at about In a 
One-half of the was put into a ml 

tube yritll 5 digestion mixture and 
to stand for 24 hours. The digestion mixture ,vas 

pared as follovvs: Solution 1-10 g of sodium and 
ISO ml H 1 0. Solution JI--GOO III I 01 cOllcentrated 200 
1111 oE concentrated ]50 lUI of He] 
of Solution 1. The tuhes are heated on 
raWs 20 to gO minntes 
--------- -.------~.. ... __.._-_._- . ..._-_ ...._. 

authors are indebted to l 0. (;{jsk 111 ror k;lf ~P()l scores f 1'0111 Ids kaf ~pnt 

nursery at. Fort Collins, Colorado. 



607 VOL. 14, No.7, OCTOBER 1967 

ture is cooled, diluted to 25 ml with distilled water and mixed 
well. This solution is used for determination of Ca, Mg and 
Cu. The values reported for calcium concentrations do not re­
flect the true calcium levels. There were interferences from 
phosphate and other ions which were not taken into account. 
However, since the phosphate interference appears to be rela­
tively small and since constant amounts of other reagents were 
added to each sample, the calcium results are reported and should 
still give a measure of relative differences in concentrations. In 
future analyses lanthanum chloride will be added to mask the 
phosphate interferences and the procedure will be revised to 
overcome the other interferences. 

These data were adequate to investigate the statistical form 
of the distribution from several characters which had not been 
studied previously. A normal distribution is required for most 
statistical operations and a change of scale was needed for each 
character which ",wuld transform the data to a normal distribu­
tion. In addition, the interrelations of the normalized variables 
and their relation to yield and quality could be studied. 

Results and Discussion 
The arithmf'tic means and standard deviations for the vari­

ous chemical determinations for the controls ana inbreds com­
bined, are shown in Table 1. The means and standard deviation 
of the controls were vel', similar to those of the :\.56-3 inbreds 
and were not statistically different; therefore, the study was con­
cerned only with the combined sample of 19~ plots. There were 
no significant block differences. 

Tests for normality using the third and fourth moments 
about the mean were computed for each character measured 011 

the arithmetic, logarithmic and the square root scales. On the 
arithmetic scale, weight arid purity 'were found to have a slight 
positive kurtosis and sucrose a slight negative skewness. None 
of the transformations attempted improved upon the ari thmetic 
scale for thf'se characters. All of the chemical characters for both 
thin juice and leaves show significant positive skewness on the 
arithmetic scale except for polyphenoloxidase which is signifi­
cantly negatively skewed. Some degTee of positive kurtosis is 
also noted for most characters. Transformation to the log scale 
made the distrihution of all of the thin juice characters accept­
a bly normal but overcorrer.ted the kaf characters from significant 
positive skewness to significant negative skewness. The square 
root transformation was tried (or the leaf characters and ;{ccept­
able normality was achieved except that 3-hydroxytyraminc [C­

tained a slight positive skewness <lnd magnesium reuined positive 
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kurtosis. Polyphenoloxidase presented a special problem as the 
negative skewness on the arithmetic scale ,vas exaggerated by 
both the square root and the logarithmic transformations. It was 
found by trial and error that polyphenoloxidase was normally 
distributed when transfo rmed to the antilog to the base 10. 

Correlation analysis is based on the requirement that a bi­
variate normal distr ibution exists. If this is not true, the inter­
preta tion of the correlation coefficient is uncerta in (3). Changes 
of scale to achieve approximate normality for each character are 
essential for a valid study. The changes of scale should also make 
biological sense and not simply be a mathemat ical manipulation. 
Arguments can be presented for the logic of each of the trans­
formations chosen . "When th e assumption of norma lity is sa tis .. 
fied , the observed co rTelation coefficients can he used to test for 
independence of the two variab les invol ved. 

The scales used for correlation analysis as a result of the 
normality invest igations are: arithmetic scale for weight, sucrose 
and purity; antilog base 10 for polyphenoloxidase; square root 
for the remaining leaf characters; and log base LO for th e thin 
juice characters. In order to maintain a familiar sca le, tbe means 
and standard deviations in Table 1 ;He shown on the arithmetic 
scale. 

Table l.-i\feans and slalldard devi ati ons of 1\56-3 and .'\56-3 ~uga r het'( inbn.'ds. 

Sta ndard 
Character Mean devia tion 

Weight (Kg) 
Sucrose (%) 
Thin juice purity ( '7, ) 
Leaf 'pOL ( score) 
3·Hydl'oxyLyra mine (tll!{/ IOO ml eXlraeL) 
Polyphellolox idasc (opti(; li <iensit } af ter 5 min ) 
Leaf Cu (mg/ JOOgm) 
Leaf Ca (mg/l00 gm ) 
L eaf Mg (mg/ IOO gm) 
Thin juice Na (mg/ IOO 1111 ) 
Thin juice K (mg/100 ml) 
Thin juice N (lO g/ IOO m l ) 
Thin juice Cu (lOg/ I OO ml) 
Th in juice CI (meq/ I ) 

8.012 
14.946 
91.80 

4.010 
50.76 

1.I 86 
1.394 

709.870 
625.492 

49.248 
82.575 
45.109 

0.212 
2.128 

2.094 
1.1 92 
3.702 
1.53:' 

31.59 
0.25 1 
0.~96 

237.965 
186.268 
24.783 
18.896 
17 .9 13 
0.082 
0.908 

It is interest ing to note that all of the chemical determina­
tions made were positively skcvl"ec1 OIl the arithmetic scale, with 
the exception of polyph enolexidase, and that the thin juice 
charac ters were log-normal , while the leaf characters were square 
root-normal. This relation could be a result of the physiologic 
and/ or metabolic systems of th(> plants. Evaluations such as these 
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made on only one population are not sufficient for far-reaching 
conclusions, but it 'would seem to be a set of relations worthy 
of further investigation. 

The significant simple correlation coefficients of the combined 
sample of AS6-3 and Sl inbreds are shown in Table 2. There 
is a small but significant positive correlation between root weight 
and the thin juice chemical characters sodium, copper and potas­
sium. No significant relation of weight with the leaf chemical 
characters exists except for polyphenoloxidase which shows a 
negative association. Sucrose is negatively correlated with weight 
and positively correlated with purity as is cO.mmonly observed. 

The thin juice chemical characters which are generally 
thought of as impurity components are all negatively correlated 
with Sllcrose. These correlations are all of similar magnitude. 
Purity is also significantly correlated negatively with the thin 
juice chemical characters but to a lesser degree. Even though 
these relations are of the same magnitude, the sodium, potassium 
and total nitrogen contribute much more as impurity components 
than do the chlorides and copper, as is shown by the mean 
quantity of materials present. The thin juice chemical characters 
are all significantly p usitively corrclated with each other. 

The leaf chemical cbaracters are not so highly and con­
sistently correlated. Calcium and magnesium are very highly 
positively correlated with each other and both positively cor­
related to the same degree with polyphenoloxidase. :\Iegative 
association of these two elements are shown with 3-hydroxytyra­
mine to a higher degree than the positive associations with poly­
phenol oxidase. Polyphenoloxidase and 3-hydroxytyramine are 
highly neg'atively rdated to each other. Leaf copper is negatively 
associated with polyphenoloxidase. Leaf copper is negatively 
associated with calcium and positively associated with 3-hydroxy­
tyramine. Only slight associations arc indicated be-tween thin 
ill ice characters and leaf characters. 

Leaf spot readings are negativdy associated with 3-hydroxy­
tyramine and leaf copper, and positively associated with mag­
nesium. Positive relations were also noted between leaf spot and 
polyphenoloxidase and calcium, but they were not significant. 

The general patterns of the relations of leaf spot are con­
sistent with and support the hypothesis that 3-hydroxytyramine 
oxidixed by polyphenoloxidase effects some measure of control 
on leaf spot. The oxidation process may be catalyzed by calcium, 
or mag-nesium, or both , as they are negatively associated with 3­
hydroxytyramine, and leaf copper may be used in formation of 
poJyphenoloxidase although th e re la tions are not all significan t. 
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Table 2.-Significant correlation coefficients between transformed chemical characters. 

Thin juice determinationsLeaf determinations 

Sq rt Anti-
Leaf Sq rt log Sq 1"1 Sq rt Sq rt Log Log Log Log Log 

Character Sucrose Purity spot 3-hy-t poly Cu Ca Mg Na K N Cu CI 

Weight -.1801 -.1516 .1 819 .2397 .2040 
Sucrose .3760 -.7606 -.5829 - .5570 -.5096 -.4975 
Purity - .2300 -.2732 - .3621 - .2373 - .2016 
Sq rt leaf spot .2073 -.2293 .1450 

Leaf determinations 

Sq rt 3·lly-t - .6562 .1760 - .5059 - .4356 
Antilog poly .3730 .3695 
Sq rt LCu -.21 52 .1723 
Sq rt Ca -.1 558.8355 

1 
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Thin juice dctcnninacions 
Log ~a 
l.og· K 
Lo~ :\f 
I.()~ TJCu 

0 
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High concentrations of 3-hydroxytyramine have shown cor­... 
relation with Cercospora disease resistance, but there was a nega­
tive correlation between 3-hydroxytyramine and its oxidizing 
enzyme, polyphenoloxidase. In general, synthetic activity in­
creases markedly around points of injury or infection and these 
reactions may depend upon 3-hydroxytyramine and polypheno­
loxidase. 

The progeny-parent regTession coefficients for weight, sucrose 
and 3-hydroxytyramine, which are the narrow sense heritability 
estimates, are shown in Table 3 along with the progeny-parent 
correlations. 

Table 3.-Progeny·parent correlations a nd narrow .ens.. hel'itabilil)' ratios for sligar 
beet estimated from progeny·parent regTession. 

CorreIa tion 
coefficient Heritability 

Characlel' (r) h 2 

3·Hydroxytyramine 0.2802" • 0.57 
Percentage sucrose 0.3715 ·· 0.26 
Weight 0.1077 0 35 

The regression and con-elation coefficients were determined 
from data collected on the S, lines in 1965 and from dat(J on 
the individual parents in 1963, .'\.ccording to Falconer (4), the 
regression of progeny on mid-parent is a measure of the narrow 
sense heritability. In self-fertilziation , the value for the parent 
is the same as the mid-parent in cross-fertilization. Variance due 
to the additive effects of genes accounted for 57% of the pheno­
typic variance of 3-hydroxytyramine, 35 % for root weight, and 
26% for percentage sucrose. The proportion of additive v(Jriance 
in weigh t has been lower in previous experiments (8); but, as 
for any heritability estimate, conclusions drallJn from these data 
should be applied only to this particular group of S,- lines . 

Th e parent and progeny measurements for weight, sucrose 
and 3-hydroxytyramine were correlated , and it was found th(Jt 
the S, lines which had high sucrose had parents that also had 
high sucrose. The same relationship existed for 3-hydroxytyra­
mine and 'weight; however, the weight correlation coefficient was 
not significant. This could be the resul t of poor stands for some 
of the S, lines, which would directly affect root weight. 

A conservative method of estimating broad sense heritability 
was used for all characters. Since the data obtained from A56-3 , 
as well as the SJ lines, were measured on the plot basis and not 
as individual plants, the A56-3 variance of plot means should 
have little genetic variance. Therefore, plot measurements on 
AS6-3 can be used to estimate the environmental variance which 
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is subtracted from the total variance for the Sl lines, leaving an 
estimate of their total genetic variance. This r<.ttio of total genetic 
variance to total variance estimates broad sense heritability and 
indicates the expected progress from selection if one is using 
a breeding method 'which capitalizes on both additive and non­
additive gene action. These calculations are summarized in Table 
4. The broad sense heritability estimates for weight and sucrose 
are 0.62 and 0.48, respectively. When these estimates are com­
pared with estimates from previous experiments with similar 
material they appear reasonable (8). Therefore, this method 
should give a reasonable estimate for chemical characters. The 
estimate for 3-hydroxytyramine was 0.39, which impfies that some 
progTess could be made among these S, lines " 'hen selecting' [or 
high 3-hydroxytyramine, provided the proper breeding method 
was used, but not as much as for weighl and sucrose. \ ,\Then the 
narrow sense heritability estimate from 3-hydroxytyramine shown 

Table 4.-Broad sense heritability estimates of the S, lilies of slIgat· beel. 

Estimated Heritability 
Total environmental Genetk ratio 

Character variance variance varian('c (broad sense) 

Weight 4.66463 I.78632 2.87831 0.62 
Sucrose 1.48726 0.77882 0.70844 0.48 
Purity 14.22721 8.71432 5.51289 0.39 

Sq rt leaf spot 0.1 5554 0.05954 0.09600 0.62 

Leaf detcnninations 
Sq rt 3-hy-t 1.64815 2.799~7 1.8487R 0.39 
Antilog poly OS.%030 19.07 ;;17 49.287J3 0.72 
Sq rt CII 0.01-, 73 0.01312 O.OO20J 0.13 
Sq rt Ca U.202% 11.21129 
Sq rt Mg 0.12700 0.n397 

Thin juice determinations 
Log Na 017:;92 0.05570 U.II il~~ 0li8 
Log K 0 .05103 0.0 :>11', O.OJ(j"t> 0. 32 
Log :\f 0.1C,257 0.17671 
l.og CII 0.13~()2 0.15196 
Log Cl 0. 17070 0.1 3730 0.03940 022 

in Table 3 is compared with the broad sense heritability esti­
mate, it appears that most of the genetic variability is due to 
additive genes. A larger proportion is indicated than in the case 
of weight or sucrose. This indicates that mass selection within 
these S, lines should be an effective means for selecting lines 
having high concentrations of 3-hydroxytyramine. The broad 
sense heritability coefficients for both leaf spot resistance and 
polyphenoloxidase were quite high, being 0.62 and 0.72_ This 
indicates that genetic shifts could be made in breeding' for these 
characters within tllis population of SJ lines, provided all types 
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of gene action were utilized. Narrow sense heritability estimates 
were not available for these characters. The broad sense herit­
ability estimates for purity, sodium, potassium, leaf copper and 
chlorides were 0.39, 0.68, 0.32, 0.13 and 0.22. Estimates for the 
heritability of nitrogen, thin juice copper, calcium and mag­
nesium were zero, possibly due to the conservative nature of 
this estimation method. 

Summary and Conclusions 
The purpose of this study was to determine if certain chem­

ical components found in the leaf and root tissue of sugar beets 
are correlated to Cercospora leaf spot resistance. Also an evalua­
tion was made on the interrelation of these chemical characters. 

The materials used were from the sugar beet variety A56-3 
and self-pollinated lines of A56-3 (S,'s). Sodium, potassium, 
copper, chloride and total nitrogen analyses were made on the 
thin juice as well as root weight, sucrose and apparent purity. 
Dried leaf material was analyzed for the divalent metal! ic ions, 
copper, calcium and magnesium. Determinations for the phenolic 
compound, 3-hydroxytyramine and its oxidizing enzyme, poly­
phenol oxidase, were made on fresh frozen leaves. 

From the statistical study of the data the follovving conclusions 
were drawn: 

1. High 3-hydroxytyramine in disease-free plants is associated 
with high Cercospora leaf spot resistance. 

2. In this study, involving one heterogeneous population and 
Sl lines derived from it, the thin iuice chemical characters 'were 
found to have a log-normal distribution, and the leaf chemical 
characters were found to have a square root-normal distribution, 
with the exception of polyphenoloxidase 'which was normal as 
the antilog to the base 10. 

3. Thin juice impurity components (sodium, potassium, total 
nitrogen, copper and chlorides) were all positively- correlated 
with each other and negatively correlated vvith sucrose and purity. 
However, based on the means, copper and chlorides contribute 
little to impurity. 

4. Leaf chemical characters are not so highly and consistently 
correlated . The general pattern of the relations is consistent but 
the correlations are weak. It is possible that certain divalent 
metallic ions could catalyze the oxidation of 3-hydroxvtyramine 
by polyph'enoloxidase leading to some measure of mntrol of 
leaf spot; at least the relations do not conflict with this hYDothesis. 
ITowever, th is is only theory until more is known of the reactions 
in the plants. 

5. This experiment indicates that a considerable portion of 
the 3-hydroxytyramine variance was due to additive genes which 

.. 
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means that mass selection should be an effective method of select­
ing for high 3-hydroxytyramine lines. Polyphenoloxidase would 
very likely respond to the same selection technique. 
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