
Correlation Studies of Chemical and Morphological 
Characters of Sugar Beet Variety GW 413 

ERNST ARTSCHvVAGER AND H. F. BREWBAKER' 

The purpose of this study was to determine the extent of any 
inherent association between tbe interIlal morphology and cer
tain important chemical characters in a variety of sugar beets 
known to be genetically heterogeneous, from which the value 
of any such relationship as an aid in selection might be judged . 

The material used consisted of roots selected at Rillings , 
. Montana , from G'W 413, a genetically heterogeneous variety de
veloped from a cross of two unrela ted varieties followed by several 
generations of family selectioll. The roots used represented ap
proximately tbe upper half of the population based on size of 
root with minor attention being given to appearance. For this 
reason, the correla tion study may have particular interest to the 
beet breeder si nce he is concerned chiefly with this part oE any 
segregating population. 

The chemica l characters used in this investigation included 
sodium and raffinose in addition to sugar and purity. Sodium 
and raffinose are of interest since they interfere with efficient 
extraction of sucrose and since both have been known to be 
negatively associated with sucrose. 

For the evaluation of the internal morphology the type form
lila was employed (2, 3)." In addition, structural peculiarities. 
color and tex ture of flesh, number of rings, ring density coeffi
cient, and size of central core are recorded. 

List of Characters Used in the Construction of the 

Type Formula 


General appearance of the cut surface in situ 

I. 	Surface mealy white ; zonation faint. 
2. 	Zon:ltion indicated . 
3. 	 Zonation pronounced ; fl esh often gray and translucent. 

Appearance of thin cross section in water against black back
ground 

4. 	 Zonation indicated. 
5. 	 Zonation pronounced; nngs distinctly set off frolll inter

zonal parenchyma. 
(i . Rings very prominent with limits of phloem and xylem 

clearly defined . 

1 ROlanist , Field Crops Rt::scan.:11 Branch , Agriculrllr:t1 Re~(,,:l rch Sen " ief'" . U. S. I>t.:pa rtIlH.'lll 
of Agric ullure' and Director. Agl'i<:ullura l Experiment Slation. T he Grear '''{'Slt,)"1l Suga r 
Company, rcs pecth dy. 

2 Numh<.,TS in parcnthesc:;; rckr lo literatllre cited. 
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Width of vascular rmgs 
7. Rings broad. 
8. Rings narrow. 
9. Rings variable; mner nngs characteristi cally broader. 

Width of interzonal parenchyma 
10. Parenchyma bands broad. 
11. Parenchyma bands narrow. 
12. Parenchyma bands of mner nn~s conspicuousl y broader. 

Size of first ring 
I ~. R ings broad with a diameter oE 22 mm. or more. 
14. Rings medium large. 
15. Rings narrow with a diameter of 12 mm. or less. 
Morphological and chemical data for roo ts are given 111 

Table I , and the correlations for some ol the cha racters in Table 2. 

Table I.-Chemical and Morpbological D a ta 011 116 roots of Varicty GW 413. 

T ypc Formula 
0 ... 
~ E 
u~ 

I 6.2 14.9 0.030 1.6 95.4 6 25 12 2.0 3-6-7- 11-1 3 

2 4.6 17.8 0.020 1.4 96.8 25 II 2.0 3·6-7 -11-1 3 

3 7.4 16.7 0.Q25 1.25 95.6 8 35 9 1.5 3-6-7-11-13 
4 4.3 16.6 0.039 0.95 96.2 5 25 II 1.8 3-6-7-11-1 3 

5 5A 11 .7 0.0c,,> 1.55 95.2 6 30 JO 1. 7 3-6-7-12- J3 
6 4.1 14.5 0.0 '12 1.35 94.3 5 28 8 1.6 2-5/ 6-7 / 8-12- 13 
7 5.2 15.3 0.050 0.9 92.6 7 21\ JO 1.8 2-4/5-7- 12- 13 
8 6.8 15.1 O.Ooc, 1.2 95.8 6 10 1.5 3-6 -7-II-J3 
9 3.9 16.8 0.03~ 1.43 V~.2 9 1.8 2-5/6-7-J1-13 

10 5.5 16.5 0.035 1.30 07.5 10 9 1.6 2-5-7- 12-13 
II 5.2 17.0 0.Q45 060 96.00 8 30 10 1.0 2-5/6-7- 11-1 3 
12 4.2 17.4 0.045 1.20 D5.9 7 27 JO 1. 7 2-5-7- 12- 13 
13 4. 7 15.5 0.038 1.10 95.4 4 00 9 1.9 2-5-8-JO-13 
14 3.8 16.5 0.021 1.40 97.2 7 JO 9 1.6 3-5-7- J 1-13 
15 6.4 15.1 0.090 0.60 93.6 6 10 1.6 3-6-7-12-1 3 
16 4.6 16.4 0.028 1.00 ~H.3 H 27 8 1.6 3-6-7- 11 · 13 
17 4.4 15.7 0.030 0 .50 950 6 27 10 1.6 "2-6-7- 11 - 13 
18 4.0 16.2 0.032 1.20 96.0 4 25 J2 2.4 2-6-7/ 8-10-111 
19 6.1 16.3 0.036 1.80 97.4 JO 32 9 1.6 2-5/6-7- 11 -13 
20 5.4 14.6 0067 1.25 91.7 7 ~10 9 1.6 H-7/8- JO-1 3 
21 4.3 16.1 0.047 1.10 95.7 8 :10 I) 1.6 1/2-4 -7-12-J 3 
22 3.6 16 .9 0.028 1.55 98.0 G 23 J3 2.6 3-6 -8- 11 -J 3 
23 6 .3 15.7 0.038 0.85 94.9 7 30 10 1.8 2-6·7-11-1:1 
24 5 .3 17.7 0.016 0.98 96.4 2 J 12 2.2 3-6-7-11/ 12- 14 
25 3.9 10.7 0.025 0.90 97.0 3 22 II 2.2 2-6-8 -10- J 4 
26 4.9 16. 1 0.022 1.40 97.8 8 28 9 1. 8 2-5-7 - 10/ 11 -1,1 
27 6.8 16.6 0.045 0.90 95.8 6 30 9 1.5 2-4-7- 10- 13 
28 3.8 15.5 0.048 0.83 96.8 6 28 9 1.6 2-5 -8-] 0- 13 
29 4 .3 17.2 O.O:J O 1.50 96.3 7 :30 12 2.2 3-6-7 -11 -13 
30 5.4 15.6 0.028 1.08 96,4 10 32 JO 1.8 2-5/ 6-7- 12 -] 3 
3 1 6.3 16.1 0.030 1.05 95.S 4 25 JO 1.6 1/2-5-7- J I-J 3 
32 4.6 17.3 0.016 1.20 97.6 8 33 II 2.0 1/2-5 -7/8 -1 2-13 
33 4.3 17.6 0.017 0.85 98.3 6 28 JO 2. 1 2·5-7- 12· 13 
34 4.1 17.5 0.022 0.55 .96.'] 5 28 12 2.4 2-5-7/8- 12-] 3 



Tahle (Cont.) 

.J 
10 

Ii 
;i 

J2 
II 

() 

10 
III 

!J 

!, 

10 

II 
1 
12 

LH 
1.8 
1.5 
2.0 

1." 
1.7 
1.8 
I.~ 

1.6 
.'I 

·1.8 OJ)27 1.03 
0021 OJi:) 

0.1118 LlO 
i).OIl) 0.80 
0.018 
0.021; O!JO 

2.0 O.Ofl5 1.20 
0.010 1.50 

Ii .G (J.B'> 

lB." i.l.01:} 0.60 
Ili.o O.il28 
1;').5 O.O:J2 0.70 
j(i.O O.(U2 I 
Hit.; O.OU 0')" 

:;.7 1.",.9 (LO·!!i OX, 

VI !G. I; O.02~ I 

3.0 	 17.1 0020 1.0 
2.9 	 Hi.S 0.0;)2 0.00 
:1.2 	 I ii ..~ 03Hl O.S;) 


IH.l 0.019 (l.9" 

17.G 0029 .00 
16,~) 0.025 

0.017 0.00 
17 ..) 0.026 1.20 

:t{ 17.1 f).03·[ 0.60 9/L3 
(iO 3.0 Iti. 0.0:)2 l.Ei 970 
51 2.0 17,?; 0.022 ].OJ 

G2 2.7 1I.0lel 0.90 
1.8 	 I~.O II.02(j OYU 
2.1 	 10.1 IU)O 


1:>.7 O.OlS 1.70 

IIi.'! 0,022 I 


0.021 U() 30 
J.2 	 17. 0.015 1.30 
2.6 IHi 0.011 1.25 

2A Hi. 1 IH)l9 LOO 


1'\.0 il.O:12 J 90.2 
7'L J{),J Il.02l Lii'J 

11.9 	 0.0,18 I.GO 
Ili.1i 0.050 0.9') 

71i hi,:) 0.038 
70 0.04'1 6 
77 15.! O.Olli l.60 
/0 O.IlJR 1.2R 

0.1131 1.70 
H.D 	 0.08fi 0.70 1 
15.-1 	 0.028 UiO 
11.0 	 f).f)OD I.W 6 
H.I; O.OH O.iS 9 

81 2·1 16.3 0.111\2 L6:! 
85 17,:) 0.091} 1.80 
SG 17,:; 0,032 0.60 21 
ti7 II.'! 0.010 I 25 
88 0.030 (J.liO 

H9 	 2.~ 13.9 00.,15 lUll 
.).1 1';.6 1.28 

Typ.· Formula 

2-:;·7/8·12·]:1 
1·.j·H·jO·11 

:;·7·101:\ 

2-').7·10 13 
1~\ 

1/:).7/8·12·]!1 
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Wei.~ht -.IO .1:; .05 .IS .26 .1)4 .~I 

>,[)2 ,;jj .00i .10 

Sodiurll II .:10.. 

Purity II -.on .ll .~II 

.11 .10 ,0.') -.01 

.711 .~I; 

Isl Ring: 

.W point. 
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Correlation Considerations 

While the internal structure of th e beet root as represented 
by the type formula and certain subsidiary characters is con
stant for a pure line (2) and can be used by the breeder for 
diagnostic purposes, th e roots of variety G'J\T 413 exhibited a 
great diversity of types (Figures I and 2). However, certain 
character combinations were occasionally recurring (Table 1), 
so that the roots could be grouped into classes of from 2 to 14 
individuals. 

Figure I.-A Root No. 77. Uniform ivory-cream flesh with very prom
inent bundles. Type formula 3-6-7-11-13. R Root No. 48. Light cream
colored flesh with long fading bundles. Type formula 112-4-7-12-13. 

Figure 2.-A Root No. 13. Broad white bundle zones and somewhat 
watery parenchyma bands; small compact core. Type formula 2-5-8-10-13. 
B Root No. 108. Gray watery flesh with fading bundles, large compact 
core. Type formula 1-4-8-10-13. 
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Association studies showed no correlation between the differ
ent anatomical characters except that of the size of the central 
core with the diameter of the fi.rst ring and of the number of 
rings with th e ring density coefficient. 

As compared with previous studies using inbred lines (3), 
the results obtained in this investigation for chemical characters 
agree rather well, particularly for the negative relationship of 
sucrose with sodium and raffinose, and sodium with purity. Also, 
the absence of any significant effect of raffinose on purity for 
this material confirms the results with inbred lines. The obtained 
r value of .37 for sugar with purity (Table 2) is somewhat lower 
than expected, a corresponding value of .6S having been obtained 
for inbred lines (3). 

The fact that the beets studied represented the upper half of 
the population based on size might conceivably change the size 
of some of the r values. For example, Pack (4) obtained an r 
value for weight with ring density of -.641 ± .01S, whereas here 
the value obtained for the same relationship was -.24 with a 
required r value of .1S for significance at the 5 percent point. 

Rusconi-Camerini (5) obtained a significant negative correla
tion between ring density and weight and a positive correlation 
between ring density and sucrose, but with the values varying 
in the E and Z types. These data are in agreement with those in 
Table 2. 

Table 3.-CorrcIation CoeHicient (or Ring Density with Othcr Charactcrs. 

Character Pack Artschwager and Brewbaker 

Weight of beel 

% sucros(' 

Purity 

-.641 ± .018 

.300 ± .028 

.125 ± .030 

--.24 

22 

.20 

Summary and Conclusions 

The roots used for this study were representative of the upper 
half, based on size, of a heterogeneous population of sugar beets. 
Any effective or sizeable correlation between easily observable 
anatomical characters and important though less easily obtained 
chemical characteristics could be of real value to the plant breeder. 
The obtained r value of .22 for ring density with percent sucrose 
and .20 for ring density with purity obtained in this study, while 
significant at the 5% level, are hardly sufficient to encourage 
the use of ring density as a short cut to improvement by selection 
for these characters. 
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the principal value to be attached to these anatom
ical characters is in connection with their me as identifying 
characteristics of uniform I) pure lines, Such pure 
ines differ very and the fan that roots 

and Jines can be ogued for these characters has 
been demonstrated 1Il these and previolls studies refened to in 
this 
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