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One of the best and sometimes the only means of controlling 
destructive plant disease is the development of disease-resistant 
crop varieties. Breeding for resistance to any disease could be 
greatly simplified if the desired level of resistance needed was 
directly associated with an easily determined chemical compound 
found in the host plant. A classical example of 'such a phenomena 
was found by Link (4, 5, 6r for resistance to onion smudge. This 
was one of the few cases for which we have a clear-cut picture 
of the nature of resistance ascribed to chemical compounds, such 
as protocatechuic acid and catechol. "Wingard (8) also cited 
several examples of resistance due to a biochemical nature. 

In breeding sugar beets for resistance to the sugar beet nema­
tode (Helerodem schachtii) Finkner and Swink (2) and Swink 
and Finkner (7) observed a negative relationship between weight 
of beets and percent galactinol. Because of these findings, selec­
tions were made for beet strains which contained different 
amounts of galactinol. 

The investigation presented here includes the reaction of 
these strains tested in; I. disease nurseries where nematode had 
been severe in previous years, 2. in soil relatively free of nematode 
and 3. by Dr. Rietberg in his laboratory at Bergen op Zoom, 
The Netherlands. 

Methods and Materials 
The data reported in this study was obtained from testing 

several beet strains which had been selected for varying amounts 
of galactinol. Similar select ions were made from Strain 52-4 13 
for two consecutive years, because of poor seed production the 
first year. Progeny results were obtained from both nematode 
infested land and land relatively free of the sugar beet nematode. 
Strain 52-413 was the result of selecting the best appearing roots 
in a disease nursery where nematode had been severe the pre­
vious year and it originated from the U .S.D.A. variety 215 x 216. 

In 1954, 35 1 roots were selected from a strip of 52-4 13 which 
was planted in a commercia l beet fi.eld not infested with nema­
tode near Vineland, Colorado. These roots were individually 
weighed and chemically tested. This population was divided 

1 r-,'Ianager Resea rch Station , American Crysta l Sugar Company, Rocky Ford , Colorado: 
Fonner Station Superintendent. American Crystal Su!!ar Company. Rockv Ford , Colorado. 
now Superintendent , Colorado State University Branch Stati on , Rock~1 Ford , Colorado. re ­
spectively. 

2 N umbers in paren th eses refer to literature cited. 
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1I1to four groups based on galactinol content and three of the 
four groups produced seed in 1955. These three strains were 
planted in replicated tests in 1956 in a disease nursery at Vine­
land. Also included in these tests were a monogerm strain SLC 
No.3, and a commercial check variety American No. 1. The 
progeny tests consisted of two 5 x 5 Latin square tests which 
were combined for statistical analysis, making a total of ten 
replications. Plot size was single 28 inch rows 15 feet long, with 
the complete row harvested for yield and every beet being sam­
pled. The resulting pulp was bulked together for chemical 
analyses. 

A similar test was planted at Rocky Ford, Colorado, on land 
relatively free of the sugar beet nematode. The experimental 
design and varieties were the same, however the plot size was two 
rows (22 inches) 35 feet long, with both rows harvested for 
yield. The beets from each row were kept separate and sampled. 
The resulting pulp of each row was bulked together, making two 
pulp samples from each plot for chemical analyses. 

Because of the limited amount of seed produced in 1955 
another similar root selection was made from strain 52-413 in 
the fall of 1955. These roots were selected from a strip planting 
of 52-413 at Rocky Ford and a total of 372 roots were saved. They 
\,vere divided into two main groups at random. One group of 
196 roots was su bdivided into three grou ps based upon galactinol 
content, the other main group of 176 roots was reduced to 81 
beets which were good in sucrose but their galactinol content 
was not determined. 

A nematode resistant selection also was made from a disease 
nursery at Rocky Ford, Colorado, from the variety American 
~o. 2. _\ total of 69 roots was saved for seed production from 
this strain. The American No.2 selection, the high galactinol 
selection of the previous year (55-410), the four strains seiected 
from 53-412, and American ~10. 1, which again was used as a 
check, were planted in replicated tests in 1957, on the same land 
at Vineland, Colorado, where tbe 1956 test had been planted 
and also in a disease nursery at Rocky Ford , Colorado. The 1957 
tests consisted of two 7 x 7 Latin square tests at each location, 
which were combined for statistical analyses, making a total of 
14 replications per test. Plot sizes at Vineland were sing'le 28 
inch rows, 20 feet long vvith the complete row harvested for yield 
and every beet being sampled. The Rocky Ford nematode nur­
sery consisted of two (22 inch) row plots 15 feet long with both 
rows harvested for yield and every beet being sampled. The re­
sulting pulp of each plot of each test was subdivided into two 
sam pies for chemical analyses. 
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Again a similar test was planted at Rocky Ford, Colorado, on 
nematode free land. The plots were two rows (22 inches), 35 
feet long with both rows harvested for yield. Every root was 
sampled and two pulp samples were obtained (one from each 
row) for chemical analyses. 

Three of the selections tested in 1956 and four of the selections 
tested in 1957 were sent to Dr. Rietberg at Bergen op Zoom, The 
Netherlands for cyst formation and wilting tests. 

The sugar content was determined using the standard lead 
acetate method with readings made as percent on beet by a 
Bausch and Lomb quartz wedge saccharimeter.. The evaluation 
of galactinol was carried out by means of paper chromatography 
methods similar to the one descri bed by Brown (l) for raffinose. 
Paper chromatography also was used for the determination of 
some of the amino acids present in the sugar beet by a procedure 
reported by Hanzas (3). The total amino acid content is the 
sum of the individual amino acids as found by paper chroma­
tography. All determinations made by paper chromatography 
are reported as percent on dry substance, except the 19:J5 se­
lected mother beets. The galactinol content of these beets is re­
ported as percent on beet. 

Results and Discussion 

The mother beets selected in 1954 were weighed and analyzed 
for sucrose, sodium, raffinose and galactinol. The correlations 
of the 35 I individual roots which were selected are sho'wn in 
Table I . There existed this year a positive correlation , although 
not significant, between weight and sucrose. This would indicate 
that these two characters were acting independently, and one 
should have a fair chance of selecting a heavy root with a high 
percent of sucrose. Galactinol also was negatively correlated with 

Table I.-Correlation Coefficients Among the Different Attributes Studied in Mother 
Roots Selected at Vineland, Colorado, in 1954 from the Bulk Population, 52-413 in a Field 
Relatively Free from Nematodes. 

Percent Percent Percent Percent 
Sucrose Sodium Raffinose Galactiool 

Weight in pounds 0.0367 -0.1136 1 -0.0808 -0.3157' 

Percent sucrose -0.8201 2 .1007 - .4355' 

Percent sodiuJll - .0264 .4003 2 

Percent raffinose - .0202 

1 = 5% level (0.106) 


2 = 1% level (0. 138) with 349 degrees of freedom. 
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all other characteristics studied except sodium. It appears that 
low galactinol may be associated with factors for heavy root and 
high sugar yields. 

The 351 selected roots were divided into four groups based 
on galactinol content as shown in Figure 1. The class means and 
standard errors of the means, for the different attributes studied 
are shown in Table 2. 

Division of the population into four groups for galactinol 
content also resulted in two more or less definite groups, which 
were at least one standard error apart Ct" at the 5% level) for 
weight per root, and three each for sugar and. sodium content. 
These groups were expected to differ because of' the negative 
correlations which were shown in Table 1 between galactinol 
and weight and galactinol and sugar percent. 

PERCENT GALACTINOL ON OS 

Figure I.-Frequency distribution for percent galactinol on dry substance 
of the 351 Roots selected at Vineland, Colorado, in 1954. 

Three o[ these four groups produced enough seed in 1955 
to run progeny tests in 1956 under both disease and non disease 
conditions. The strain descriptions and results under disease 
conditions are shown in Table 3. 

Significant differences were detected for pounds sugar per 
acre, tons, sugar percent, galactinol, three of the amino acids, 
total amino acid content and the number of roots per plot. In 
only one case, isoleucine, vvas a signifi.cant interaction detected 
Enr varieties x squares. The tests for the various attributes 
studied, can be ·considered as being fairly consistent as only one 
character out of 14 studied showed that varieties were not re­
acting the same in each square. However sig'nificant chance vari­
ations are expected to occur occasionally and this seems the most 
logical explanation for this interaction. 
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Table 2.--Group Means for Four Classes of Beets Selected in 1954 According to Galactinol Content of Roots Grown in a Non Nematode Infested Field. '"~ 

r 
Variety Weight of Percent Pounds of Sugar Percent Percent Percent No. of 

<.0
NUInber1 Galactinol Content Beets, Lbs. Sucrose Per Beets Sodium Raffinose Galactinol Roots ,-" 

<.0 

55·409 Low 3.8 ± .21 13.5 ± .26 0.51 0.091 ± 0.0069 0.17 ± 0.007 0.236 ± 0.0069 62 

55-411 Medium low 3.9 ± .17 13.2 ± .14 0.51 .092 ± .0039 .19 ± .006 .366 ± .0033 117 

55-410 Medium high 3.4 ± .IS 12.5 ± .17 0.42 .112 ± .0052 .1 9 ± .006 .482 ± .0037 101 

55-4 12 High 2.5 ± .21 10.7 ± .36 0.27 .160 ± .0085 .18 ± .OOS .749 ± .0283 71 

Mean 3.5 ± .10 12.5 ± .12 0.44 .11 2 ± .0032 .19 ± .003 .455 ± .0109 35 1 

1 These var iety numbers were assigned to the four selected groups in 1955. 

>I>­o 
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Table 3.-The Combined Analyses o( Two 5 x 5 Latin Square Tests (or Root and Sugar Yield and Chemical Content of Different Selections Grown 
rx; 

in a Nursery Heavily Infested with Heterodera schachtii in 1956. 

Lbs . 
Sugar Tons Anlino Addsa Total No. 

Per Per Amino Roots 
Variety Description Acre Acre % Suc. % Gal. Asp. A. Glut. A. Asp. Glnta. GIl'. GABA Ala. Val. Isol. Acids Per 15' 

55·409 Low ga lactinol 811 3. 11 12.85 .295 .264 .097 .061 .482 .182 .195 .044 040 .054 1.419 37 

55·410 lntermed. Hi. Gal. 736 2.85 12.82 .217 .253 .110 .092 .7,,8 .229 .228 .054 .047 .071 1.842 21 

55·412 High g'alactinol 583 2.38 12.00 .301 .259 .096 .039 .484 .224 .192 .058 .039 .062 1.152 17 

Am.#1 Commercial 340 1.48 10.85 .696 .200 .107 .033 .405 .130 .168 .036 .039 .060 1.177 25 

F54·20 SLC #3 Monogerm 312 1.31 11.77 .593 .231 .156 .084 .623 .183 .174 .039 039 .060 1.590 25 

General mean 506 2.22 12.06 .·120 .241 .113 .062 .550 . 190 .192 .046 .040 .062 1.495 25 

LSD (0.05) 227 .88 1.33 .258 .036 .201 .062 .384 6 

LSD (0.01) 307 1.19 1.80 .349 .049 .273 .084 .521 8 

F. value 8.46" 7.16" 3.312 5.68 2 NS NS 4.55 2 4.13 2 3.50" NS NS NS NS 3.44 I 13.042 
c...... 

F. value (varieties x squares) NS NS NS NS NS NS NS NS NS NS NS NS 4.36' NS NS 
0 
c 

"C. V. % 44.2 42.4 11.9 66.4 24.2 62.4 62.7 39.7 366 24.7 41.0 41.8 20.9 27.9 25.4 Z 
> r 
0 

1 Significant at the 5% level 

2 Significant at the I % level 

." 
>-l 
:r: 
t'1 

• Amino acids in order given above: 

I. Aspartic 
2. Glutamic 

4. Glutamine 
5. GI,cine 

7. 
8. 

,\Ianine 
Valine 

~ 
:n 
:n 

3. Asparagine 6. Gamma amino butyric acid 9. Isoleucine 
~ 

~ 
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Varieties in the replicated tests were severely damaged with 
nematode and this caused extremely high variation from plot to 
plot as shown by the coefficients of variation in Table 3. Com­
parable variation can be expected, however in most naturally 
infested disease nurseries. 

Beet tonnage, and therefore pounds of sugar per acre, was 
very low for all selections shown in Table 3. The data, however, 
showed a pronounced differential reaction among varieties for 
yield under conditions of high nematode populations. Sucrose 
percentage in this test tended to be positively associated with yield 
of roots. The other chemical constituents Were of only minor 
interest except [or galactinol, which was the basis used in select­
ing these strains as shown in Table 2. 

The three strains selected on galactinol content showed no 
significant differences in this test, how'ever all three were signifi­
cantly lower in galactinol than the other two strains which had 
not previously been selected for nematode resistance. The three 
galactinol selected strains did not differ statistically for percent 
sucrose or tonnage and 55-409 was just on the borderline of being 
significantly higher in pounds sugar per acre than 55-412 if the 
least significant difference value was applied. The greatest differ­
ence between these three strains was the number of roots to sur­
vive per plot. Strain 55-409 was superior to the other two in 
this classification. The fact that more roots of strain 55-409 sur­
vived per plot than the other two was interpreted as indicating 
some resistance. 

Table 4 gives the reactions of these same varieties when grown 
in soils relatively free of nematode. 

'[he varieties when grown in a nelllatode free soil, significantly 
differentia ted themselves for ten out of the 13 characteristics 
studied. According to the' correlations shown in Table 1, the 
low galactinol selection 55-409 should be the highest strain for 
both tonnage and sucrose percent and should be the lowest in 
percent galactinol. As shown in Table 4, all of these characters 
reacted as was predicted from the correlation coefficients, how­
ever, significant differences were not reached in all cases. 

The lovl' galactinol selection (55-409) produced significantly 
(1 percent level) more sugar per acre than any of the other vari­

eties, and 55-410 also produced significantly more than the check 
(American No.1) while the high galactinol strain was significantly 
(1 percent level) lower than the American No. 1 check variety 
in sugar per acre, As these varieties were selected only on basis 
of galactinol content, differences for this character would be ex­
pected although it was not observed in these strains under disease 
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Table 1.-The Combined Analyses of Two 5 x 5 I.atin Square Tests for Root and Sugar Yield and Chemical Content of DiifeH'nt Selections Grown 

in Soil RelathelY Free 01 Heterollna s<llafhlii in 1956. 

Lbs. 
Sugar Tons Amino Adds" Total :\0. 

;\nlino Roots 
Variety DCS(Tiplion 

Pcr PCI' 

GItHa. Gly. GABA \lao Isol. Adds j)er 70' 

;,:-i-lO~J LI)\\" g~daCtilloI .OR) 

5.0-'110 Jntcum·d. Hi. 

,\rn. =1 

r)~)·'1] 2 

1-211 .071 .210 '12 

General mean 91 

LSI) 

LSI) 11gB 

'is 7.~4 

\:~ 'is \:s \:s :\5 ,s :\S 
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0 
"'1 
..., 

~ignifi(;HH at 
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'ji~lli{i(aut ;H the 
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Amino in gh'en <1 bon:: :n 
Aspart i< Glntamine ;), Camma amino btH\Tic ;add 7. holeudne J; 
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conditions. As shown in Table 4 no differences in galactinol 
content were detected benveen the low galactinol selection 55-409 
and the intermediate high galactinol selection 55-410, however. 
the high galactinol selection was signifi<:antly higher than the 
other two if the L.S.D. values 'were used as a measuring tool. 

Although significant differences existed for stand, it appeared 
that the roots were evenly enough spaced that the yield potential 
of each strain should have been reached. However the fact that 
the high galactinol selection 55-412 had the fewest roots per plot 
may have been a factor in lowering its tonnage and sucrose 
percent. 

The amino acids studied in these tests showed some assoCIa­
tion with yield and sucrose percent. For example aspartic, 
G.A.B.A, isoleucine and total amino acid content all showed a 
positive association with yield while glutamic acid seemed to be 
negatively associated with yield. Tonnage and sucrose also seemed 
to be positively associated in this test. 

All varieties reacted the same within each Latin square except 
for the character G.A.B.A., which showed a signifi<:ant interaction. 
This interaction again was believed to be due to random variation. 

The data in Table 3 and 4 showed that selecting for low 
galactinol content improved the yielding ability of the beet 
strains in both infested and non-infested soils, even if the galac­
tinol contents of the strains showed only small differences in 
their progeny tests. 

The main evidence to support the theory that low galactinol 
content beets are more resistant to the sug'ar beet nematode than 
h iQ'h galactinol content beets was supplied by Dr. Rietberg's test. 
Table 5 gives the results of his test for cyst formation on the 
roots and the degree of wilting caused by a suspension of larvae 
of H eterodera schachtii in water. 

It can be seen in Table 5, with only one mass selection, the 
rating of the number of cysts to form on the sugar beet roots of 
the low galactinol selection 55-409 were drastically reduced. The 
high galactinol selection (55-412) ranked sligh tly higher than 
the intermediate high galactinol selection and the control. The 
degree of wilting of these three strains also followed the same 
trend. i.e., the low galactinol selection had the lowest amount 
of wilting and good recovery, while the high I!alactinol selection 
had the most wilting and the intermediate selection was inter­
mediate in wilting. 

Although no significant differences 'were detected in the field 
tests, it was obvious that selecting only on the basis of2'alactinol 
percent did change the resistance of these strains to nematode 
when checked by laboratory techniques. 
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Table 5.-Reaction o( Galactinol Selected Strains (or Cyst Formation on Roots and 
Degree o( Wilting in 1956. 

Type o( Tests 

Cyst Formation Degree o( 
Variety Description on Rootsl Wilting' 

55-409 Low galactinol select ion 6.5 1.78 

55-410 Intennediate high ga lactinol selection 9.0 1.84 

55·412 High galactinol selection 9.1 2.67 

Control 9.0 2.88 

I-free of cysts 

IO-Practicall y dead 


O-No wilting at all 

I-Slight wilting (50% or less and good recovery) 

2-Medium wilting (50-75%, moderate recovery) 

3-Strong wilting (75·100%, slow recovery) 

4-Excessive wilting (100%, no recovery) 


A total of 372 roots were selected, weighed and analyzed for 
sucrose in 1955 from the same parental variety, 52-413. A random 
sample of 196 roots also were analyzed for percent galactinol 
in the beet and not on dry substance of the beet juice as was 
done the previous year. 

These selected roots were grown at Rocky Ford and the corre­
lation coefficients as shown in Table 6 do not agree with the 
ones calculated the previous year from the roots selected at Vine­
land from the same variety, 52-413. 

Table 6.-Correlation Coefficients Among the Different Attributes Studied in Mother 
Roots Selected at Rocky Ford in 1955 (rom the Variety 52-413 in a Field Relatively Free 
from Nematodes. 

Percell l Sucrose1 Percent Galactinol' 

Weight in pounds -.343** - .040 


Percent sucrose .014 


* = 5% level (. 103) ' Based upon 372 roots 

** = I % level (0. 134) with 370 degrees of freedom , Based upon 196 roots 

In Table 1 the correlation coefficients of roots selected from 
this same variety at Vineland showed a positive correlation be­
tween weight and sucrose, however it was not significant, but in 
Table 6 the correlation coefficient between these same two char­
acters was negative and highly significant. Galactinol and weight 
were negatively correlated for both selection groups, but the 
Vineland selection in Table 1 showed a signifi,cantly negative 
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association between sucrose and galactinol while Table 6 shows 
a non significant positive relationship, between sucrose and 
galactinol. The differences between these two sets of correlation 
coefficients must be due to the different environments, including 
years and locations, from which the roots were selected as the 
seed of each selection group came from the same variety. 
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PERCENT GALACTINOL ON BEET 

Figure 2.-Frequency distribution for percent galactinol on beet of the 
196 roots selected at Rocky Ford, Colorado, in 1955. 

Table 7.-Group Means for Four Classes of Beets Selected at Rocky Ford, Colorado, in 
1955 in a Non Nematode Infested Field. 

Amount 
Weight of of Sugar Percent No. of 

Varietyl Selected for Beets Sucrose in Beets Galactinol Roots 

56·407 Low galactinol 3.7 ± .23 13.9 ± .18 0.51 .0200 ± .0000 76 

56·408 Intermediate galactinol 3.6 ± .23 14.3 ± .20 O.SI .0378 ± .0004 73 

56·409 High galactinol 3.6 ± .31 13.8 ± .28 0.50 .0626 -± .0017 47 

56·410 High sugar selection 3.2 ± .22 15.2 ± .10 0.49 81 

Means 3.5 ± .12 14.1 ± .09 0.49 .0368 ± .0002 277 

1 These variety numbers were assigned to the four groups in 1956. 

The 372 selected roots in 1955 were divided into four groups, 
three gTOUpS based on galactinol content as shown in Figure 2, 
and the fourth had some selection pressure applied for increased 
sucrose percent. The class means and standard errors of the 
means for the different attributes studied are shown in Table 7. 

Division cf the population into 3 groups for galactinol con­
tent did not affect either weight or sucrose percent significantly. 
The correlation values in Table 6 were not significant for either 
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galactinol and weight or anel sucrose there­
fore these grou ps '\'I;TC 1101 to differ either 

(;r lIem-ever the 
one 

mean innl content or each 
standard error apart. 

did show a hig-her sucrose mean than the 
rest and also n'as lower in mean of beet. 
this would he [or Sllcrose content 
because 01 the correIati(;n coeflicient found between 

and sugar as seen in Ta ble 6. 
Several roots of American ~ D. 2 were selected from nema­

tode infested in I ~F)g. of these roots were tested 
in a disease nursery in 195;) and riC) roots were saved for 
seed ion. 'T'he ccrrclation coefficients lor this strain aI'e 
shown in Table R. 

Table S,--Correlalion Coefficients Among the Dilf"rent Attributes Studied in :\{other 
Roots SeIc(tcd at Rocky Fonl in U);,):) from the Varkty t\mcrkan ~o. 2 in a Xu[,'>cr}, Heavily 
Infested with Hetnad"ra .«hacl!t.ii. 

Pel"{:cllt SU(TOS(' Pcn:cnt Galactinol 

dc~:rrccs o( freedom, 

, and 

correlation coefhcient 
,vas and 

'''eight pounos -~.038 -,UJ4 
.271 ' 

weight and g'alactinol were 
ficantly, however in popn­

between sucrose ane! g-alactinol 
The coeflicient the 

reots of American ~o. 2, even they were selected in a 
disease nursery, followed the same trend as those selectee! from 
;)2-41:'\ the same year as seen in Table 6. 

The means and standard errors of the means for the different 
res studied in the American ::\'0, ') selection are shown 

in Table 9. so tiwt can he compared with the In 

Table 2. 

Table 9.-The Mea", and Standard ETTors for Ihe Different \!trihlltt·s Smdied in The 
Am:crifan ~o. 2 XClnatodr Resistant S{'icelion. 

Weight of Percent .\mount of PCf('cnt :So, of 

Variety Bee!; Sucrose Sugar in Beets Galactinol Roo!s 

.10 14,8 .16 O.'lI ,0271 ± .OO()9 ,,9 

The PTeatest difference het'ween the :\mcricdn ~o. <} selec­

it be remembered t.hat the 
Hol\'­

eYer 
tion 7 was in 

roots of 2 were 
Oselected in a disease nursery while thost shown in Table weI'e 

selected from soil relatively free from nematode, 

http:hacl!t.ii
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The four seleniom sbmnl in rable 7, the American :\0. 2 
selection in Table 0. strain :':)-4:10 in Table ;.: and "\rncrican 
:\0. 1. used as a check. were 111 icated tests in 19,')7 
in both and non infested soils. results 01 the two 
tests in nurseries infested with He/emdelll srhachtii aTe 
shown in Table 10 11 

In the diflerenccs 
the varieties were per acre. tons . 

. calcium. glutamic add. gl total amino 
acids and number of beets per as shml'l1 in Table 10. There 
also was a ' x square interaction lor sodium. 
howeyer the F valne was just ificant at 
the five level. For all the other cllaracters studied tile 
varieties reacted the same in each Latin test. 

The root production in this test "as considerably 
1957 than in 19r)6 however the averar~(' 

content was 10'I'er. The varieties did not follow any definite 
pattern for content. The 1956 sclectiOllS "were not 

different from each other or from the 1955 selection. 
The main difference in p;alaclinol content was hetween the 
American No, 2 selection I and tile commercial check, 
American .'\0. 1. This difference was Strain 5:;-412 
was the lowest in and ponncls sugar per aCTf' and also 
the lowest in , wh ich was not expected becanse all 
correlation coeffiCients showed these two characters were nf'g'a-

The best seemed to be found 
111 The stand or this 
\ariety was very poor and t heets per 
however it is not known whether this poor stand 1\'aS callsed hy 

of this strain, Tn several 
well- and main, 

rained a very 

in does not support 
low yarieties bem,?; resistant to I1cnn­

neither does it add a dea! of ;tQ"ainst 
It that the selection pressure 

;tnplied for different W:IS ineflect ive in fif'ld test 
therefore all the strains selected [rem ;)'2-41 should be i;lirlv 
consistent for most of the characters studied. This ,,'as Iv 
true except for numher of beet~ and tonna(Tc, The tOllllaQ'C eel' 

was affected hv the number of heets o<:'r DInt and the num­
her of heets was hlv low h('cHlse of noer fJermin:ltion 
conditions. 



Table 10.-The Combined Analyses of Two 7 x 7 Latin Square Tests for Root and Sugar Yield and Chemical Content of Differelll Selections Grown "'" 
at Vineland in 1957 in a Nursery Heavily Infested with Heterodera schachtii. (1) 

Amino Acids 
c: ... 
.:! ~t ~ !l=: o 

>- C. "".... " !l:i ~ 0­
'C 

"u ~ v .... ..: ..: o 
~~ .~ "'< '" " d ~.5.c... ~ ~~ =::: cil =: ~ ~ " z" Ii u" C. :; c. ::l >- == ... 

.Q~ 0;,.1 ..: .. '0 08'0 0"" .." ~ " ... ~ f-« <l' <l' <l' <l' <l' <l' <l' -< \5 -< \5 \5 ~ .. .:: f-I<~ Z~" 
56-410 Direct increase 

of 52-413 1211 4.71 12.84 .693 .270 78.4 .088 .138 .033 .16f .031 .062 .439 .264 .259 .036 .033 .057 1.33 26 

56-407 Nematode select ion for 
low galactinol 1068 4.23 12.62 .782 .290 77.9 .092 .136 .034 .193 .029 .071 .509 .284 .278 .052 .037 .054 1.50 2 1 

55-410 Nematode selection for 
intermediate high ga l. 992 3.93 12.62 .720 .270 78.1 .090 .142 .034 .199 .027 .077 .399 .251 .26 1 .054 .032 .058 1. 34 22 

56-408 Nematode selection for 
intermediate galaclinol 891 3.46 12.87 .728 .268 79.3 .086 .137 .031 .179 .025 .079 .4 14 .264 .244 .039 .032 .057 1.31 12 

56-409 Nematode selection for 
high gal act i nol 848 3.24 13.09 .710 .259 80.2 .084 .137 .031 . 167 .034 .073 .395 .249 .236 .051 .028 .05~ 1.27 10 

.\m.#1 51·410-0 (CTR·LSR ) 821 3.21 12.79 .719 .313 78.5 .094 .145 .031 .150 .032 .052 .284 .194 .206 .038 .033 .052 1.02 26 

56·4 12 Am. #2 Type. selected 
from Hensley·s 656 2.46 13.34 .723 .240 80.0 .082 .149 .028 .164 .047 .073 .414 .275 .226 .040 .034 .056 1. 30 8 '---< o 

c 
Genera l mean 931 3.61 12.89 .72 .276 78.9 .088 .l41 .032 .174 .033 .071 .40S .255 .245 .045 .033 .056 1.30 18 " 7­
LSD (0.05) 261 0.99 NS NS .042 NS NS NS .002 NS .012 NS .123 NS .042 .011 NS NS .240 5 >­

r 
LSD (0.0 1 ) 

F. value 

347 1.33 

4.44' 

NS 

NS 

NS 

NS 

.056 

2.7]1 

NS 

NS 

NS 

NS 

NS 

NS 

.003 

4.S6' 

NS 

NS 

NS 

2.52' 

NS 

NS 

NS 

2.36' 

NS 

NS 

NS 

2.51' 

.015 

3.692 

NS 

NS 

NS 

NS 

NS 

2.74 ' 

7 

15.77' 
o 
." 
...; 

f. value (varielies x squares) NS NS NS NS NS 2.29' NS NS NS NS NS NS NS' NS NS NS NS 'IS NS 
.... 
~ 

C. v. % 37.1 36.7 5.6 11.4 20.2 3.2 20.0 10.7 11.6 26.3 49.8 39.S 39.9 40.1 23.3 33 .7 35.9 29 .9 24.5 39.3 > 
en 

1 Significant at th e 5% level 

2 Significant at the 1% level 

• Calculated from the formula: 
SE lbs. Sugar = Means Ibs. Sugar v ( SE 1bs. Bee ts) 2 + ( SE 0/" Sugar) 

(Mean lbs. Beets) (Mean 0/" Sugar) 
2 

en 

I:P 

:-l 



Table Il.-The Combined Analyses of Two 7 x 7 Latin Square Tests for Root and Sugar Yield and Chemical Content of Difftrent Selections Grown < 
at Rocky Ford in 1957 in a Nursery Heavily Infested with Heterockra schachtii. 	 o 

r 
Amino Acids 	 ..>< 

:: .. 
.S >-	 :7.~t b 	 <5tti _>- C. "b "-< u ·C < 	 o 0- ? 

'i:i .§ 	 .. .. < .. ...: -::~ i:I:i~~< III V 	 (1:3._"0 " " Z ~ U =:l 	 ~...'C 	 .0 b gb " "-<" ci. ci. "5 -;. .. -; .... ... '" i:I:i " 	 ...: 05 -0 0" 
;>" Q ...l"-< f-« ~ ~ ~ ~ ~ ~ ~ < G" < G G < ;> ] f-«< Z"-< ;J>" 	 "d 

56·412 	 Am. #2 Type. selected " rfrom Hensley 's 3046 12.67 12.02 .688 .333 80.58 .097 .206 .029 .298 .054 .134 .89 .227 .275 .061 .032 .074 2.04 22 

Am.#1 51-410-0 (CTR·LSR) 24 13 10.93 11.04 .694 .363 78.62 .145 .192 .029 .282 .074 .132 .79 .237 .241 .056 .033 .063 1.90 28 <0 
V< 
<056·408 	 Nematode selection lor 

intermediate galactinol 2334 10.62 10.99 .672 .363 79.32 .144 .179 .032 .319 .082 .151 .90 .239 .304 .070 .034 .071 2.16 25 

56·409 	 Nematode selection (or 

high galactinol 2326 10.7:1 10.84 .699 .355 77.42 .143 .191 .032 .307 .094 .139 .99 .258 .247 .079 .037 .072 2.21 22 

55 ·410 	 Nematode selection for 
intermed. high gal. 2286 10.38 11.01 .670 .386 77.77 .137 .183 .032 .337 .074 .147 1.00 .328 .293 .084 .042 .079 2.34 28 

56-410 Direct increase 
of 52-413 2257 10.24 11.02 .632 .338 75.10 .140 .187 .033 .273 .067 .138 .86 .284 .268 .071 .035 .067 2.06 28 

56·407 Nematode selection (or 
low galactinol 2148 9.77 11.00 .71 I .365 77.45 .136 .181 .031 .340 .067 .152 1.04 .251 .302 .093 .039 .073 2.35 26 

General mean 2397 10.77 11.1 3 .681 .~58 78.06 .134 .189 .031 .309 .073 .142 .93 .261 .276 .074 .037 .072 2.15 26 

LSD (0.05) 474 NS 0.54 "S NS 2.06 .019 .017 .002 .037 NS NS NS NS .040 .021 NS NS .300 3 

LSD (0.01) 630 NS 0.72 ))S NS 2.75 .025 .023 .003 .050 NS NS NS NS' NS NS NS NS NS 4 

F. value 	 NS 4.31" NS NS 5.612 6.30' 2.38' 2.80' 3.76" NS NS NS NS 3. 10' 2.00 NS NS 2.40 7.52' ' ' 
F. "alue ("a rieties x squares) NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS 

c. V. % 	 26.1 25.3 .64 13.9 18.8 3.5 18.8 11.9 10.2 16.2 47.4 23.4 25.0 42.6 19.5 38.2 29.6 24.4 18.6 14.7 

1 Significant at the 5% level 

'Significant at the I % level 

,fl Calculated from the formula : ( SE lbs. Beets) 2 + ( SE % Sugar) 2 	 ,.,. 
SE Ibs. Sugar :::: i"Iean Ibs. Suga r v 	 ....,(Mea n lbs. Beets) (Mean % Sugar) 

http:2.407.52
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Field observations and notes were taken during the summer 
months and it was noted that the low galactinol selection 56-407 
did not wilt as much as some of the other strains at high tem­
peratures. As shown in Figure 3 selection 56-407 had a darker 
green color and was more vigorous than the other varieties. 

Figure 3.-Top growth appearance of varIetIes grown in a nematode 
nursery at Vineland, Colorado, in 1957. 

Plot 30 was strain 56·+07 selected for low galactinol. Plot 31' was 56-408 
and Plot 32 was the check variety American No. l. Plot 33 was the high 
galactinol selection 56·409. 

Table 11 shows the reactions of these same varieties m a 
disease nursery at Rocky Ford. Although no counts were made, 
it appeared that the nematode population "vas not as great in 
this nursery as it was at Vineland. The difference in yield of 
these two tests also would substantiate this observation. In this 
nursery selection 56-412 was the highest producer of tonnage 
and sucrose percent and also the lowest in galactinol content 
and had the best purity. It also had the fewest roots per plot 
and was the lowest variety in both sodium and ·calcium contents. 

The varieties did react differently in the two disease nur­
series. For example the two bottom yielding strains at Vineland 
were the two top yielding strains in the Rocky Ford disease 
nursery. However, again in the Rocky Ford test the strains 
selected from 52-413 were not significantly different from each 
other except for the case of purity. If the L.S.D. values were used 
as a measuring tool there were no differences existing between 
these strains except for this one character. . Again this is added 
evidence that the selection pressure applied on the basis of 
galactinol was ineffective in field tests. 



..-'Tahle 12.-The Comhined Anal~ses of Two x 7 Latin S<luarc Tests for Root and Sugar Yield and Chemical Content of DIffercnt Selecti()n~ (;[()\>\,"1l 

Rocky FOld ill 1957 on Soil Relathely Frre o{ til<' Sugar Ike! ~ ..malode. S 
"\mino ;,\.dd .. ?< 

::l 
.g 7.t 

;,.. ct::i ,. .; ~"" ::: ." 
C " .; ;:.. ., :::: ':";;l·C .~ ~ ~ " >i " ; ;; 

~ ~;; ~ " t" " ...: .; ~ G ~ ... ;;. ..." ,;;.­'" '"C 
U2 =2 " 

ltj,51 .:131 .HiO .0 .0:;3 ,170 Jl27 . I .~)(; .02(J .1 ,1l19 .01; .80 Gj 

\m.=1 :>1-110-0 (eTR LSI{) 1896 .:321 ,1:11 8;.~ .O!2 .HK .O~2 ,122 .1 III!) 1121 
(..t 
;c 

110 DirC(l in(rl'a~l' 

of ~):!-4j:\ 5mr) 1622 .1 .010 .119 ,02:, 
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10\\ gal ani nol 5GI9 17.62 I(),O~ .154 8tlA .O'S .151 

108 ;\cmatmic ,.;citx1ioll fOl 
Illtt.TlllcdialC' galaclinol J!,d 1 (iD .042 .150 

'>Ii 109 :';('matodc "election 
higli galactinol l'i 1 :,6 .15'; If fir. 

;),'i 110 '\:L'rnatodc ~(,:ll'( (ion 
illH.:nncd. high gal. .1.Sh .0:;0 .112 .7() ,3 

:'917 021 .0:>1 .ill 7 .O:j~ .I,'l ';0 

);S );S :\S "\S "\S "\S ,s 1.1 

I.S]) (0.01 ) ,S "\s ,S "\S "\S "\5 "\S 4,8 

F. '\" l\S :\s '\$ "S :-.IS '\S '\S 11.89' 

F. \alIlC ,,' '\,'i '\" :"S ,S '\S l\S l'\S "<S" '" :\0. , 37.2 2~1.;) 8.2 
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The reaction of these varieties under non disease conditions 
IS shown in Table 12. Significant differences between strains 
were detected for many ot the characters studied. There also 
were two significant variety x square interactions, however no 
satisfactory explanations were determined. The data in this test 
again show that the selection pressure applied on the basis of 
galactinol was ineffective. 

The data from the three replicated tests conducted during 
the 1957 growing season showed that the selection pressure 
applied to mother roots for various galactinol contents was in­
effective in changing galactinol percent. This iqeffectiveness 
probably was due to calculating the ,galactinol content as percent 
on beet, rather than percent on dry substance. The procedure 
used to calculate the percent of galactinol on beets assumed a 
constant marc for all beets, this undoubtedly was erroneous as­
sumption as the percent marc does vary from beet to beet. 

The amino acid content of the different varieties did not ap­
pear to be closely associated with any of the other characteristics 
studied. However when the varieties were grown in a nematode 
nursery they were considerably higher in amino acid content 
than when grown on soil which was relatively free of the sugar 
beet nematode. 

Table 13.-Reaction of Galactinol Selected Strains for Cyst Formation in 1957. 

Cyst Forma tion 
Variety Description 

56-407 Low galactinol 

56-408 Inlcnnediatc ga.laClinoi 

;0-409 High galactinol 

56-410 High sugar 

Standard Rielberg's variety 

Number of 

Plants Tested 


585 

325 

199 

780 

660 

Number of Plants Left Per Class 

After Second Test1 


0 2 3 4 5 

2 

8 

5 

6 

4 

2 

6 

2 

2 

1 Cyst formation classes 

o = No cysts 

I = 1 or 2 cysts per plant 

2 = 3 or 4 cysts per plant 

3 = 5 or 6 cysts per plant 

4 = 7 or 8 cysts per plant 

5 = 9 or 10 cysts per plant 


All plants with more than 10 cysts per pl~nt arc discarded. 
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Dr. Rietberg's laboratory also tested the strains which were 
selected in 1955 from 52-413 for cyst formation and degree of 
wilting. The results of his tests are shown in Tables 13,14, and 15. 

Because the number of plants tested were unequal for each 
of the varieties it was necessary to adjust them to a base number 
and work on a proportional basis. Classes 0, I, and 2 were con­
sidered as resistant classes and the . number of plants of each 
variety found to be reistant were added and compared with 
what would be expected on a proportional basis. Strain 56-410 
was used as the base variety with 780 plants tested and 17 class­
ified as resistant. This strain was chosen because it was not 
selected on the basis of galactinol content and could be con­
sidered as a check variety for the strains selected from 52-413. 
The observed and calculated numbers are shown in Table 14, 
using the following formula: 

.02175 x the number of plants tested for the other selection. 
The factor .02175 was obtained by dividing 17 by 780. 

Table 14.- The Observed and Expected Number of Resistant Plants Using 56410 as the 
Base NUlnber. 

Observed No. Expected No. 
Number of of Resistant of Resistan t 

Variety Description Plants Tested Plants Plants 

56·407 Low galactinol 585 II 13 

56-408 Intermediate galactinol 325 8 

56·409 High galactinol 199 5 4 

56·410 High sugar 780 17 17 

Standard Rietberg's variety 6GO I4 

The results in Table 14 again indicated very little difference' 
existed between the different strains which were selected from 
52-413. All show considerably more resistance than Dr. Riet­
berg"s standard variety when adjusted to a common basis. Dr. 
Rietberg also stated that no differences in galactinol were de­
tected among the above four strains. The data also adds evidence 
that the selection pressures applied for galactinol content were 
ineffective for this group of varieties. 

The results of the wilting tests which Dr. Rietberg's labora­
tory conducted are shown in Table 15. 

The data in Table 15 seems to support the original hypothesis 
that selecting for low galactinol content would give us more 
resistance to nematode. In this case the low and intermediate 
selections had much less wilting and much faster recovery than 
thE' high galactinol selection. Strain 5fi-41O which had no selection 
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considerably less for the low g-alaninoi selenions than 1'01 the 
high galaninol selection lor both years. 
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