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Introduction 
This paper reports on the results of an investigation under­

taken to evaluate the correl a tion of percent dry matter of the 
petiole (hereafter referred to only as percent dry matter) with 
root weight and sucrose percen tage and to indicate the possible 
value of these correlations to affect improvements in the selection 
intensity for individual sugar beet plants. 

Materials and Methods 
Three heterozygous , open-pollinated populations and one f, 

hybrid were used in this investigation. The three populations 
'were: (a) CS7, an open-pollinated , high-yielding population 
selected tor .,\lberta conditions; (b) A90-54, an open-pollinated, 
high-sucrose-content population Udycz A, originally obtained 
hom Poland; (c) 5957, an open-pollinated increase of plants 
selected from Udycz A for decument tops. The f, hybrid, A213, 
was obta ined from Dr. .J. S. McFarlane of the USDA as NBI X 
NB4. The experiments d escribed below were conducted at the 
R esearch Farm , Canadian Sugar Factories, T aber , Alberta. 

ExlJeriment Nu mber 1 
The three populations and the f, hybrid were planted on 

May 14, 1960, in four separate rows spaced 22 inches apart. After 
emergence the plants were thinned to 12 inches ap'!rt within the 
row. Each row contained fi ve plants. On AUg'ust 3. 1960, five 
uniform petioles from the most recently matured leave$ were 
taken from ea ch of the fiv e plants from each of the three pooula­
tions and the }" hybrid. Th e percent dry matter was determined 
for each petiole independently by drying to comtant weiu'ht 111 a 
vacuum oven at 75 ° C. 

Ex1!criment Number 2 
The same three populatio ns and f - h,-hrirl were obnted on 

i\lfay 14, 10GO. in simrlc-row plots 2() feet Jon o ;111d 22 inche, anent. 
The plants were soaced 12 inches aO:lr1" "ithin the row. A ran­
domized blc ,-k design was u scr!' Th e:> entire' ('xT)erimenl was 
replicated fiv e timcs. This gave a total o f 100 plants per pnpu la­
tion. 

I Gradu<lte St llr1cI11. Departm en t' or CE'11l'tic-.;, 1TnhtT~il\ ' of Alh: rta , Ed nlontoll. A.lhcrta. 
On leave from C;mad i<lll Sugar Factorjc.~. TaiJer, Albc'l"t8. 
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On 1, 19(iO. one [rom 
kal was taken from each o[ Llll' 100 plants 
three iOllS aud tlte F, Ihe cIty mauer 
was ned for earh o[ tile peti()les lllciepcndcl1l1y as 
described for Experiment 1. On October 12, I i)(iO, the roots 
were \\'ashed and 0\ uniform and ta­
tive \\,;)S obuined [rom eaell root 
with from 011e 

side of tbe 
of root. Suclose determinatiolls were 1ll:l(1c with a 

on the extract of a pulp usin;,:; the hot water 
method (1):2. 

The means. \'ananc(',~ and their standard crror, were cal­
culated lor tbe perccnt matter and sucrose rage data 
obtained trum each of lhe 100 plants from the three 

and the 1"1 The formulae and methods lor 
the above the standard error 

environmelltal \arialion and 
have 1)(:;(:,11 delll­

onstr:ued and by Powers I,eon 
ard el a1. (4). In hai th'c frequency (listrilmtion to the nurmal 
curve the reasouing of and T()rriC' (6) ,,'as accepted, ill that 
class frequencies as 101\' as iour and file were allowed in compllt, 

the cbi-square, The viei\ of tile laller authors (Ii) \las t.hat 
the lrequencies in the tails of rite distribution arc of itn" 

because would he 
selected from the rherdore, allY m<t 
deviation in the the distribution should be allowed to 
cOlltribute to the value, The genetic yariances of the 
open-pollinated were determined ~ubtractlng lhe 
total YariallCe the F, hyhrid from the lotal variance or each or 
the populations. The slanda rd errors of the lota1 and genet ie 
variances were calculated the tornmlae by Fenney and 

U)) and Powers 

Results 

LVWllver I 
Table 1 lists the b(:,(\\'(,(,l1- and \\ith and 

yariance ratios (F-v:l1 for percent matter fnr the rhrC'c 
populations and the FJ hybrid. 

The high F"valllcs ohuincd indicate lltat the \ ari:tt l()ll in per" 
cenl dry matter between different \\·i1111ll a popu\;1liul1 IS 
significantly h than the ,'anatiull ill perCe1ll dry matter be­
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Table I.-Between and within plant vru'iances for percent dry Inatter of the petioles 
and the F-l'aJue for the three open-pollinated populations and the F, H)'brid'. 

VariancePopulation F-\'al ue 
Between plants Within plants 

CS7 4.476 ,353 0.063,666 70.31 

A90-54 2.104 ,917 0.070,743 29.75 

5957 7.468 ,575 0.092 ,412 80.82 

A2J3, Fl h )' brid 0.685,975 0.065 ,619 10.45 

I The degrees of freedonl for these anal yses are as follows: between plants == 4; with in 
plants (error) = 20; and total = 24. 

tween different uniformly mature petioles from the same plant. 
Furthermore, the between-plant variances for the three open­
pollinated populations are significantly higher than for the Fl 
hybrid whereas they are not significantly higher than the FJ hybrid 
for the within-plant variances. This would be expected since 
the only sources of within-plant variation are errors of observa­
tion. Therefore, the difference in percent dry matter between 
genetically different plants should be distinguishable. 

This finding prompted experiment number 2, the objective 
of which was to determine 'whether the percent dry matter data 
h-om the F, hybrid conf:ormed to the normal distribu tion and 
whether indexing plants for percent dry matter would intensify 
the selection of p lants for improved characters of economic value. 

The means, variances and standard errors for percent dry 
matter and sucrose percentage are listed in Table 2. Table 2 
also gives a comparison of the total variances of tbe F, hybrid 
""ith the total variances of: each of the three open-pollinated 
popu lations. 

The three open-pollinated populations had significantl y 
greater total variances than did the F , hybrid , the level'of sig-­

Table 2.-The Incau, va.J:iance, and standard error (or percent dry matter o[ the 
petiole and sucrose percentage in the root for each o[ the tlucc populations and Fl 
Hybrid'. 

Percent dry matter o[ petiole Sucrose percentage in root 

Population 
Mean Variance 

Standard 
error Me an Variance 

Standanl 
error 

C57 J 1. 416 1. 3868 ' 1.1776 17 .54 1.7728' 1.3315 
AgO -54 13.086 2.0802" J .4423 19.91 2.0002" 1.4143 
5957 13.448 1.4799" 1.2165 19.75 2.01 0 1" 1.4191 
A213, F, h ), brid 10.894 0.8864 0.941 5 17. 17 1.2135 1.1016 

• Significantly different from the corresponding Fl hybrid varian ce at P .05 . 

. ' Signi fican tly different. from the corres ponding Vl hybrid variance at P .01 . 

, Each population consisted of 100 individual s. 
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nihcance being the same [or both percent dry matter and sucrose 
percentage. 

Table 3 lists the total variance and genetic variance together 
with their standard errors for both percent dry matter and sucrose 
percentage for each of the three open-pollinated populat ions and 
the Fl hybrid. 

Table 3.-The total variances and gene tic variances (or percent dry malle r oC the 
petiole and sucrose percentage in th e root [or the three popula tions and th e Fl hybrid 1. 

Variance 

Population P orcent dry matter Sucrose percen tage 

Total Genetic Total Genetic 

CS7 1. 3868 ± 0.1971 0.5004' ± 0.2339 1.7728 ± 0.2519 0.5593'" ± 0.3052 
A90 -54 2.0802 ± 0.2956 l.1 938" ± 0.3213 2.0002 ± 0.2842 0.7867" ± 0.3324 
59!>7 1. 4799 ± 0.2103 0.5935 ' ± 0.245 1 2.0161 ± 0.2865 0.8026' ± 0.3343 
A2 13, h hybri d 0.8864 ± 0.1260 1.21 35 ± 0.1724 

, T he number of plants per pop ulati on is 100. 
n s Not significantly d ifferent from ze ro . 

• Significantly greater than ze ro a t P .05 . 
•. Significantly greater th an zero at P .01. 

Table 4 .-The obta ined and calculated frequency distribut ions for percen t dry 
matter of the petiole'. 

Upper 
lilnit CS7 

Popnlation a nd distribution 

A90-5 4 5957 A213 

ot Ca lcu- Ca lcu- Ca lcu- Ca lcu­
class Obtained lated Obtained lated Obtained lated Obtained lated 

8.0 0 0.01 0 0 0 0 0 0.1 I 
8.4 0 0.06 0 0 0 0 0.30 
8.8 0 0.20 0 0 0 0 I 0.91 
9.2 6 0.67 0 0 0 0 2 2 35 
9.6 4 1.74 0 0.01 0 0 4.86 

10.0 5 4.00 0.04 I om 8.83 
10.4 11 7.33 0 0.17 0 0.05 15 1270 
10.8 10 11.77 2 0. 53 2 0.19 I:l 15.87 
11.2 8 15.12 4 l.53 0.59 26 10.9 1 
11.6 12 17.03 5 3.43 1.66 "17 14.4 1 
12.0 II 15.3 1 14 6.80 3 'l .68 8 10. 76 
12.4 14 12.07 9 10.76 9 7.17 4 6.42 
12.8 'f 7.61 12 14.94 14 IU6 4 3.36 
13.2 G 4. 14 II 16.97 8 15.23 0 1. 4 1 
13.6 0 1.92 9 16.10 II 16.62 I 0.,,1 
14.0 2 0.71 9 12.52 15 15.88 0 0.20 
14.4 4 0.23 4 8.52 6 12.14 0 0 
14. 8 3 0.06 4.64 8 8. 13 0 0 
15.2 0 0.02 2.22 I 4.35 0 0 
15.6 0 0 0. 84 2 2.04 0 0 
16.0 0 0 0.28 7 0.76 0 0 
16.4 0 0 I 0.08 0 0.26 0 0 
16. 8 0 0 0 0.01 3 0.06 0 0 
17.2 0 0 0.01 2 0.02 0 0 
17.6 0 0 0 0 0 0 0 0 

I The es timat ed en v ironm e ntal stand ard e rror used in co mputin g th e ca lcul a ted fre ­
quency di stribution is 0.9415. 
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va nal1ct's [or both percent matter and sucrose 
the three open.pollinated populations 

nihcantly greater than zero. The exception is the 
variance lor sucrose fhis indicates that 

control to a extent 

are 

matter and 

of the Fl hybrid was used Cor both characters. 
Tahle 6 lists the chi-square and P-values fur each the three 

open-polJ inated populations and the F, for 
matter and It can be seen that 

dry 

matter and sucrose 
P-valucs between 

Table 5.-Tht" ohtained and calculated fn:"quenc), distributions for sucrose pcrccnttlgc1. 

of 

CSt
._M'_Calt,u-- Calw- Calm­

,loW; 

Calm-
class Obtained bted Ohtai",:d lated Obtained lall-d Ob'ained luted 

13.5 {) 

11.0 () (J,06 0 0 0 0 U,16 

]4,5 0 0,22 0 0 0 () O,,,~ 

15.0 2 (J,75 0 \] 0 0 I ,(it) 

15.5 :t,18 0.111 0 O.O! 3.99 

lG,O "LRG (J.O! (J 0.02 I; M.U:~ 

II).:) 8 9,2H f),OS ;: 0,13 H 

]7,0 If 0 lUI 0,1(; I<l !Ii;);; 

J75 ]0 un 0 20 

J8,0 10 
., ~L):! 

18,:; 10 ]4,,,0 J 7.:U 10 

1[1.0 I::; IO,(H 11l.~O 10 I un GAG 
HI,') :JA3 14 ]G,07 :U :; 
20.0 <I 2,]6 10 17.02 20 lk.~O 0 LiO 
20.5 [Ii 12 Hi,W; 0 Il 

21.() I Hi l:L:r:-) 9 0 0 

21.5 0 (l,QG l:i t-;.()~ 0 () 0 

22.0 0 0,02 ') ·l.(j2 ') 0 0 

0 0 I Ul:\ lA', () 0 

2:Ul 0 0 0 O.\i9 IUIi () IJ 

0 0 n.H) 0 n,n 0 0 

24.0 0 U 0 'l.Oti 0 0,02 0 « 
24.;) 0 0 0 0 U 0,01 0 0 

, rhe c:-:timatcd (fI\ standard error rrc 
qucncy distribution is 1.10 !ii. 
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Table 6.-Chi·square test for goodness of fit of the obtained and calculated (requency 
distributions (or percent dry maller of Lhe petioles and suo-ose percentage in the root (or 
the tluee populations and the Fl hybrid. 

Percent dry nlatter PeH.cnt sucroseI'opulation 
Chi-square P lies between Chi-square }' lies between 

CS7 96.61 0.001 13.04 0.05 - 0.02 

A90-54 55.11 0.001 12.90 0.05 - 0.02 

5957 34.58 0.001 13.96 0.05 - 0.02 

A21 3, Fl hybrid 9.59 0.10 - 0.05 3.48 0.95 - 0.50 

did the data from the three open-pollinated populations conform 
to the normal distribution within the limits of random error. 
Hence, if it is possible to identify and select genetically superior 
individuals for sucrose percentage, then it should be possible to 
identify individual plants which are genetically superior to the 
mean of the population for percent dry matter. 

It -would be of particular interest to index plants for percent 
dry matter if it could be demonstrated that percent dry matter is 
correlated with a character of economic value such as sucrose 
percentage. The correlation coefficients calculated from the data 
taken from the 400 plants are listed in Table 7. A highly sig­
nificant positive correlation was obtained between percent dry 
matter versus sucrose percentage, whereas, highly significant 
negative correlations were obtained for percent dry matter versus 
root weight, and sucrose percentage versus root weig-ht. 

Table 7.-Simple correlation coeCficients based on 300 pairs of observations within 
tlnee populations (or percent dry matter of the petioles, suo-ose percentage and root 
weight. 

Valiate Sucrose percentage Root weight 

Percent dry matter in petiole + 0.654" - 0.37 1" 


Sucrose percentage -0.429" 


.. Significant at P .01. 

Table 8 lists the mean sucrose percentage and mean root 
weight of the three open-pollinated populations and of 10 plants 
highest in percent dry matter from the respective populations. 
As indicated in Table 8 the selection for high percent dry matter 
resulted in an increase in sucrose percentage in each of the t.hree 
open-pollinated populations. This increase was highly significant 
for CS7 and 5957, but non-significant for A90-54. However, none 
of the three selections resulted in <t statistically significant change 
in root weight. 
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Table 8.- The effects on sucrose percentage and root weight by selecting (or high 
percent dl")' matter of the petiole witbin each o( three populations'. 

CS7 

Population 

A90·54 59557 

OrigiJlal Selection Original Se lection Original Selection 

Percent sucrose 

N umber of plan ts 100 10 100 10 100 10 
~Ifean 17.54 18.80 19.91 20.68 19.75 20 .88 
Va ri ance 1.7728 1.1 733 2.0002 1.8956 2.0161 0.73 11 
Observed F val ue 3.43" 1.68n s 3.70"1< 
Tabula r F val ue P .05 2.22 2.23 2. 20 

p .01 3.1 7 3.19 3.12 

Root weight in ounces 

N umber of plants 100 10 100 10 100 10 
~r ean 26.97 28.55 19.72 18.65 17. 15 15.45 
Variance 80.4031 103.8022 58.7844 23.5578 37.!1662 4.9 133 
Observed F val ue O.47 n s O.62ns 1.83"' 
T ab ular F value P .05 2.24 2.20 2. 14 

P .01 3.2 1 3. 13 2.98 

Comparisons were made using stati sti cal methods described by Gou lden (2) . 
•• Sign ifica ntly d iffe rollt [rom parent popu la t ion at P .0 1. 
n s Not signifi cantly different from paren l po pulation. 

Discussion 

It has been demonstrated that percent dry matter is under 
the control of a genetic system which appears to ,simultaneously 
inHuence sucrose percentage, Furthermore, it has been shown 
that the number of individual plants that occur in a class of the 
frequency distribution for percent dry matter may be predicted 
within the limits of random variat ion. Based on these tvvo find­
ings a procedure is n ow suggested that might be useful in in­
tensifying a simultaneous SLlcrose percentage and root weight 
improvement, if indeed such improvements are possible. It is 
possible to index plants for percent dry matter of the petiole in 
advance of root harvest. Since the procedure for making percent 
dry matter determinations is sim ple a large number of pl ants 
may be indexed . The plants high in percent dry matte r cou ld 
be selected. Since there is a significant positive con-ela tion be­
tween sucrose percentage and percent dry matter most of these 
plants ,,,,ould be high in slI'crose percentage. Therefore, many 
large roots, probably low in sucrose percentage, need not be 
harvested. Of the harvested roots, from indexed plants ...vith high 
percent dry matter, all sma ll roots could be discarded as un­
satisfactory in root weight. T he large roots selected in th is man­
ner could be tested for sucrose content, On th e bas is of this 
sucrose determination a final select ion of roots high in both 
weight and sucrose percentage could be made. 
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Summary 

1. Data are which indicate that lnatter 
of the the control of a mechalllsm which 
also sucrose content or the rool. 

IS correlated 
in the rool and correia ted 

of the Ereq nency distri bl! lion and genetic 
reveals that it should be possible to select for both h and low 
percent matter of the 

4. The possibil 	 dry matter or the 
to 	enhance the plants [or Sllcrose 

simultaneously is considered. 
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