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.J OI-IN O. GASKTLL 2 
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Introduction 
Root and crown rot of sugarbeet (Beta vulgaris L.) of about 

middle age or older, caused by Rhizoctonia solani Kuehn, is a 
serious problem in all of the major sugarbeet-pmducing ,ueas in 
the United States. Crop rotation gives only limited protection 
(lO,l3Y; no chemical treatments of soil or seed have proved to 
be commercially feasible; and no commercial varieties with ap­
preciable resistance are known. 

Breeding for resistance to Rhiznctonia has been hampered 
traditionally by the erratic behavior of the disease. It has long 
been recognized that artificial techniques are essential for creation 
of uniform Rhizoctonia exposure of acceptable levels of intensity 
(II). Results of methods studies, conducted at Fon Collins, 
Colorado, from 1957 through 1965, have been reported (1,2,3,4, 
5,6,7,11). The information presented in those reports is too 
voluminous to be reviewed in this article. However, some of 
the more important conclusions are mentioned. 

Concurrently with the research on disease exposure methods, 
selection and progeny evaluation for Rhizoctonia resistance were 
carried on at Fort Collins. Increments in resistance were small, 
individually, but the cumulative effects of repeated selection 
cycles were substantial. Results of the earlier years' selection 
'work would serve no useful purpose in this article. Selection 
results are presented for 1965 and 1966, only. 

Conclusions Regarding Exposure Techniques for 
Evaluation of Resistance of Lines or Progenies 

Results of research on methods of exposing the sugarbeet to 
Rhizoctonia, for the purpose of evaluating the resistance of 
progenies or lines, have led to the following conclusions: 

1. 	 Residual inoculum (i.e. that remaining in the soil in the 

1 Report of research conducted by the Crops R esea rch Divisi on . \gricliitural Research 
Service, U.S. Depa rtment of Ag ri culture . in cooperation 'with th e Colorado Agricultural 
Experiment Statio n and the Beet Sugar Development foundation, at fort Collins, Colorado . 
Publicalion approved by th e Director, Colorado Agrjcullur(ll Experiment Station, as Scientifi< 
Series Paper No. 1264·. 

'Resear ch Plant Pathologist, Crops Research Division, Agricultural Re'earch Service, 
U.S. 	Department oE Agriculture , fort Collins, Colorado. 

"Numbers in parentheses r efer to I .itera ture Cited . 
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field from one year to the next) is undependable and highly 
unsatisfactory. In our experience, exposure by this method 
has resulted in negligible, to almost complete, loss of stand 
in different years. Either of these extremes is unacceptable. 

2. 	 The degree of resistance achieved by selection at Fort 
Collins apparently is relatively ineffective in preventing 
stanel losses in early seedling stages. This conclusion is 
hased on a series ot experiments and is in keeping with 
our observation tllat sugarbeet lines or progenies usually 
did llot differ significantly in stand vvben inoculum (a dry, 
ground, barley-grain-culture preparation) was. applied with 
the seed or by side dressing when the pLants were small. 

3. 	 The piacement of inoculum arou nd, and in contact with, 
the tap root, approximately 1 inch below the soil surface, 
about 1 week after thinning, proved to be too severe and 
usually resulted in almost complete loss o( stand. 

4. 	 The placemen t of inoculum in a semicircle, 1Y2 inches 
[Tom the taproot and about I inch below the soil surface 
(the so-called "semicirck method") proved to be too severe 
if performed no later than 1 week after thinning. 'Nhen 
performed 3 weeks after thinning, stand losses were less 
severe, and measurable differences in survival occurred 
between populations. 

5. 	 The application of inoculum in tbe center of the foliar 
rosette-the so-called "rosette method" (11 )-also proved 
to be too severe when inoculation was performed I week 
after thinning. vVhen inoculation by this method was 
performed 3 to 5 weeks after tbinning, stand losses were 
less severe and, as with the semicircle method, measurable 
differences occurred between populations. On the basis 
of several years' results, it was concluded at the end of 
1964 that the rosette method is the most dependable of 
the various inoculation techniques studied. It vvas used 
for all Rhizoctonia resistance evaluation work in 1965 
and 1966, except where a comparison was made with the 
residual-inoculum method in one experiment in 1966. 

6. 	 'J\There the semicircle and rosette methods were compared, 
the interaction of sugarbeet strains X methods was not 
significant (2 years' results). 

7. 	 Rhizoctonia attack tended to be more severe where soil 
moisture was slightly deficient to moderate, during most 
of the postinoculation period, than where it was abundant. 
However, this tendency was not consistent and was con­
sidered inconclusive. 
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Methods of Plant Selection and Propagation 
Breeding for resistance involved th<:' selection of individual 

plants and the evaluation of their progenies under relatively 
severe Rhi.zoctonia conditions. The techniques employed to de­
velop these conditions w<:'re changed from time to time as indi­
cated by the resul ts of the methods studies. Progenies showing 
I ittl<:' or no promise were dropped from year to year, and selections 
were made in the more promising prog-enies. The mass-selection 
technique- i.e. the production ot seed by groups of plants 
selected from a given source- was used predominantly through 
1964. During this period, seed was harves~ed and evaluated 
separately for individual " mother" plants only to a very limited 
extent. This latter practice was emphasized beginning with the 
1965 seed crop. 

Early attempts to select individual plants for resistance where 
inoculum was applied with the seed gave negative results. Like­
wise, attempts to pick resistant plants where inoculum had been 
applied in contact with the tap root also were disappointing. 
One instance of plant selection under residual-inoculum (i.e. 
field-overwintered inoculum) conditions gave encouraging re­
sults. SP 631001-0 is a product of selection under such condi­
tions. In general, t11<:' most progress to date has been made by 
selecting where the semicircle or rosette methods were used. 

Evaluation Tests and Results of Breeding ""ork 
Screening tests, involving a total of 226 foreign introductions 

of B. vulgaris--mostly culinary types-and 18 of B. maritima L, 
failed to produce a single introduction with substantial Rhi.zoc­
tonia r<:'sistance (2,4,12). Before I~65, only moderate progress 
was shown in the im provernent of Rhizoctonia resistance of the 
sug;lrbeet by breeding (1,2,3,4,.),6). The results of 1965 were 
particularly encouraging in indicating thal a new, higher level of 
resistance had been achieved (7,8). SP 631001-0, a product of 
two cycles of Rhizoctonia resistance selection from the commer­
cial variety, GvV 674-56C, was among the lines com pared in 1965. 
In one experiment SP 631001-0 exceeded the parental variety by 
66 and 77 percent in stand and root yield, respectively, at har­
vest. In another experiment the corresponding percentages for 
the same material were 89 and 51. The latter experiment also 
included SP 641004- (02), a product uf three cycles or selection 
from the same source variety. SP 641004- (02) in turn surpassed 
SP 631001-0 in stand and root yield by 30 and 40 percent, re­
spectively. All of these differences exccedrd the level of signifi­
cance designated as the 5-pcrcent point, and all but one exceeded 
the I-percent point. 
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In the second experiment, referred to in the preceding para­
graph, there occurred a line designated SP 641005- (01 ) , a pro­
duct of three cycles of Rhizoctonia resistance selection from the 
variety, C817. SP 641005- (01) was quite attractive and actually 
was slightly higher in final stand than SP 641004-(02). In order 
to place this infonnation in better perspective, a comparison may 
be made between the latter two lines and the two leaf spot-black 
root resistant commercial varie ties occurring in this experiment 
as standards. The fina l stand (i.e. percentage of inoculated 
plants alive at harves t) for US 401 and SP 5822-0 was 58.7 and 
46.7, respectively. T he final stand for SP 641004- (02) and SP 
641005- (0 1) was 92 .S and 97 .1 , respectively. The' LSD at the 
I-percent point was 21. 3. 

Plants selected from SP 64 1004- (02) and SP 641005- (0 1), in 
the inoculated plots in 1965, were brought to seed in two sep­
arate groups in the greenhouse in time for spring planting in 
1966. The two seed lots 'were de~ignated FC 70 I and Fe 702, 
respectively. These two seed lots were made available to the 
sugarbeet industry, through the Beet Sugar Development Foun­
dation, in the fall of 1966, in quantities of 5 to 15 grams per com­
pany. Larger quantities, resulting from subsequent increases, 
were turned over to the industry, through the Foundation, in 
August 1967. Official release is being considered. 

Field Tests, 1966 
The purposes of this section are to give a rather detailed ac­

count of current tech niques and to summarize the most recent 
results of Rhizoctcnia resistance breeding work at Fort Collins. 

Inoculum of a highly pathogenic isolate (B-6) of R. solani 
was prepared as follow's: (a) Approximately 520 ml of dry, 
'whole, barley grain and 300 to 305 ml of dist illed water 
"vere placed in each I -liter Erlenmeyer fl ask, stirred, and allowed 
to stand overnight; (b) the mixture was stirred again , and the 
flasks w("re plugged with cotton and autoclaved for 2 hours at 
17 psi; (c) the grain in each flask was inoculated in two places, 
using mycelial agar chunks; (d) the cultures were incubated for 
3 weeks on a laboratory bench without special temperature con­
trol (in the summer while the laboratory was quite warm); (c) 
the cultures were dried on trays in open air in the labora tory, 
with air movement augmented by fans; (f) the dried material 
was ground in a vViley mill, passing through a 3-mm round-hole 
screen; and finally (g) the ground inoculum was blended, placed 
in paper bags, and stored in a refrigerator at abou t 2° to 4° C. 
As usual, inoculum used in the 1966 plots was stored for no more 
than two weeks. H owever, inoculum prepared and stored as de­
scribed has remained viable and highl y pathogenic for more than 
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a year. .'\ more sophisticated method of inoculum preparation, 
invoh ing precise temperature control for incubation and dry­
ing, has been described (11). The method used in 1966, and for 
several years immediately prior thereto, is describE'd in some de­
tail here because of its simplicity and low coslo 

The eight varieties or lines listed in Table 1 ,vere compared 
for Rhizoctonia resistance in Experiment R-l. All lines are mul­
tigerm and at least moderately resistant to CercosjJora leaf spot. 
GW 674-56C is a commercial variety developed by the Great 
Western Sugar Company. C817, also known as Selection A54-1 
Synthetic, was derived from another Gn:at "Western variety (GvV 
359) by Dr. LeRoy Powers4 under conditions "where disease ex­
posure was negligible. US 401 and SP 3822-0, developed by the 
U .S. Department of Agriculture, are resistant to the type of black 
root caused by Aphanomyces cochlioides Drechs. The other 
lines in Experiment R-l were derived from G\t\T 674-56C or 
C8 I 7 by selection for Rhizoctonia resistance as indicated in Ta­
ble l. 

Experiment R-I consisted of two 8 X 8 Latin Squares in ad­
jacent fields. In field "A" the plots were two rows (i.e. 40 in­
ches) wide and 25 feet long. A 16-foot (2-row) section in each 
plot vvas inoculated on Tuly 25, 1966, 4 weeks after thinning, 
using the dry, ground, barley grain inoculum described above, 
at the rate of 1/ 6 teaspoon per plant. The inoculum was de­
posited by hand in the center or the foliar rosette-the so-called 
"rosette method" previously d(:'~cribed (11). 

In field "B", inoculum of isolate B-6 had been applied to the 
sug;arbeet crop by the rosette method in 1965, and none ,vas ap­
plied in 1966. Severe Rhizoctonia attack occurred in 1965, and 
the over-wintered or "residual" inoculum was the sole source oC 
the fungus in 1966 plots. Plot size in field "B" in 1966 1\'as the 
same as in field "A", but the portion of each plot considered as 
inoculated in field "B" conformed to that actually receiving 
inoculum in the preceding year-i.e. 2 rows X J4 reet. 

Both sections of Experiment R-I were planted on May 25 
and hand thinned at about the usual stag;c or plant development 
(6 true leaves, approximately) , attempting to leave sJllgle-plant 
hills 10 to 12 inches apart. Planting rates were ade(]uate to pro­
duce satisfactory thinned stands except as affected by disease in 
field "B". The soil (fine sandy loam) was hiQ-h in fertility. Ir­
rigation was performed by sprinkler. In order to avoid exces­
~ive drying of inoculum in field "A". durinQ' the fjr~t few day~ 
after inoculation, thE' sprinkling regime in that field included 

' Formerly Principal Geneticist. Crops Research Division. Agricultural Research Service. 
U.S. Department of Agriculture. Fort Collins, Colorado (Deceased). 
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moderate to heavy applicat ions immediately after inoculation 
(.July 25) and on July 26 and 28. For reasons of comparability, 
field "B" received the same amount of sprinkling on those 3 
days. At harvest (October 11-12), the roots of all living plants 
in the inoculated portion of each plot were trimmed as mother 
beets, washed and weig hed. The criterion for classification of 
a plant as living was the presence of one or more turgid green 
leaves, regardless of size . 

The results of Experiment R-1A, in which inoculation was 
performed by the rosette method after the plants had attained 
considerable size, confirmed the results of th e preceding year in 
showing that Rhizoctonia resistance had been improved substan­
tially by selection for resistance in both of the source varieties or 
lines (Table 1 and Figure 1). A striking contrast between one 
of the Rhizoctonia resistance lines (FC 702) and a commercial 
check variety (US 40 I) is presented in Figure 2. 

In Experiment R-1B, where Rhizoctonia and presumably 
other disease inocula ll"Cre relatively abu ndal1l in the soil at 
planting time, much stand loss occurred before thinning, mak­
ing il impossib le to obtain full thinned sta nds in many plots. 
For this reason, it seemed advisable to consider ac tual stand at 
harvest, as well as percentage survival and root yield, as indica­
tions of performance. By all three of these criteria, the results 
of Fxpc:riment R-l B indicated that significant improvement in 
resistance had occurred as a result of selection in both source 
populations (Table I ). That these l2·a ins were less impressive 
than th e gai ns show n by th e results oE Experiment R-IA, is at­
tributed to several factors. In the first place, it is assumed that 
much of the ear ly stand loss in R-IB occurred as a result of resi­
dual inoculum of species of Pythium and other damping-off 
pathogens--organisms to which the respective lines presumablv 
have little, if any, resistance. Secondly, most of the post-thinning· 
stand losses in Experiment R-l B occurred soon after thinning. 
Resul ts of earlier experiments had led to the tentative conclu­
sion th at the Rhizoctonia resistance then available (e.g. in lines 
such as entries 902 and 005) was relatively ineffective durinf'." the 
early stages of gro·w th, up to about 2 weeks after thinning. The 
results of Experiment R-l B were in keeping with that conc!tl­
sion. In this connection it should be pointed out that, althoug·h 
planting- rates were high , variations in thinned stand in Experi­
ment R-I B might have been due in part to variations in poten­
tial seedlings planted per unit of row. Consequently, th e 
thinned-stand averages should be viewed with caution. 

Progenies of 36 individual , open-pollinated plants were given 
preliminary Rhizoctonia resistance evaluation in 1966 in Ex­
periment R-2. The three commercial varieties that occurred in 
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Experiment R-l (ITS 401 , SP 5822-0, and GW 674-56C) vvere in­
cluded in Exp<:>riment R-2 as standards. The Rhizoctonia resist­
ant lines, FC 701 and FC 702, also were included. Plots were 
one row (20 inches) X 25 feet in size; a I6-root section of each 
plot was inoculated; and a randomized complete block d<:>sign 
was employed with four replications. Otherwise, this experi­
ment was laid out and handled as described for Experiment 
R-IA. 

Figure I.-Comparison of sugarbeet lines in resistance to 
Rhizoctonia, Fort Collins, Colorado, 1966 . . Top-the inoculated 
portion of four 2·row plots, indicated by stakes, on October 4; 
from lef t to right: (a) FC 702 (derived f roIU CIl17), (b) GW 
674·56C, (e) FC 701 (derived from GW 674·.56C), and (d) CS17. 
Bottom-roots of all living plants in the inoculated area shown 
at top, as harves ted on October 11 (same plot sequence, lef t to 
right); badly rotted roots in foreground. 



--'Table I.-Comparison of sugarbeet Iiues [or Rhizoctonia resistance, Fort CoDins, Colorado, 1966; results presented as 8-plot averages (Exp. R-l). f!>. 

Description 
and/ or 
source 

ScI. for Rhiwc.res . 

No. of 
cyeI", Method' 

Current 
Ft. Collins 

seed no. 
Other 

no. 
Entry 

no. 

Exp. R ·J.\ 
(Rosette inoc. in 1966) 

Harvest results 

Root 
Sun'iva l b yield' 

Exp. R-lB 
(Residual inoculum from 1965 ) 

Actual Harvest J1csulLs 

thinned Actual Root 
staneld standel Survivalb yi'eld' 

% Lbs No No % Lbs 

GW 67·1·:;6C 0 Acc. 2168 901 23.66 !l.55 20.38 3.1 3 14.55 4.80 
do. 2 1,1 51' 63 1001-0 902 41.68 ' 2J.II " 18.1 3 5.00 30.78' IU8 
do. 4 1,23,23,3 S1' 661102-0 FC 70 1 903 73.44" 36.99 " 26.00 ' 10.38" 38.74" 21.76" 

C817 0 Sl' 621220H0 904 35.39 18.95 18.75 4.13 22.10 9.73 
do. 2 2,23 S1' 621003-0 905 64.83 •• 33. 15" 23.00 9.00 ' 35 .81' 17.03' 
do. 4 2,23,23,3 SP 661103-0 F~ 702 906 73.18 " 33. 11 " 27. I 3" 8.00' 29.26 13.86 

CS 401 0 Acc. 2057 907 27.76 1 5.0~ 26.88 2.75 10.29 3.55 
SP 5822-0 0 Acc. 2591 908 27.26 13.41 26_25 6.38 23.75 11.30 

General Jnean 45.90 22.91 23.31 6.09 25_66 11.65 
LSD ( .05) 13.64 7.02 5.21 3.73 12.81 6.72 
LSD (.01) 18.24 9.39 7.01 i.98 17.13 8.98 
Ca lculated J'f 19.71 16.66 4.21 i.65 4.88 6.5 1 '---< o

c:: 
:l Disease (Rhhoctonia) exposure techniqnes lIsed jn the respecti ve cycles of root sc~eclion: I- residua l inoculum (Le. inoculum sur ­ z 

;<:> 

"iving n atura lly in the field following inoculation of the sugarbeet crop in the preceding year); 2- inoculum applied in a se micit 'cle > 
about ] 1,;2 inches from the lap root and approx imatel y 1 inch below th e soil surface, from I to several weeks after thinning of the current r 

ocrop (i.e. th e crop from which the root selections were made); and 3- inoculum applied to the center of the foliar rosette, from ] to "1 
several weeks after thinning of the current crop (so-cal led " rosette" method). 

IJ Percent of th inned stand alive at h arvest. ~ 
t'1 

,. "l olal weight of rootS of living plants per plot (32' of row). 
" AClu"-1 no. of li ving- plants per plot (28' of row). > 

Total weight of roots of living plants per plot (28' of row). Vl 
f A il F values shown are greater than the I-percent point (3.10). 

Sf'Average sig nificantly exceeds thaL of the source. 
•• Average exceeds that o[ the source b y a hig-hl y significant amount-Leo by a difference at least equal to LSD (.01). Cd 

:l 

' I 
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Figure 2-Comparison of sugarbeet lines in resistance to 
Rhizoctonia, Fort Collins, Colorado, October 4, 1966; the inocu­
lated portion of two 2-row plots, indicated by stak~s, f!"Om left 
to right: (a) US 401, and (b) FC 702. 

Of the three commercial checks or standards in Experiment 
R-2, GW 674-56C was highest in both percentage survival and 
root yield at harvesl. FC 701 and Fe 702 both exceeded GW 
fi74-56C in percentage survival by highly significant differences. 
FC 701 and FC 702 also exceeded GvV 674-56C in root yield. The 
difference was significant lor FC 701, only. 

The following progenies of individual, open-pollinated 
plants, in Experiment R -2, exceeded GW 674-56C in percentage 
survival by highly significant amounts: (a) three of five pro­
genies, derived from GW 674-56(; via SP 631001-0, each having 
a history of three cycles of selection for Rhizoclonia resistance; 
(b) seven of II progenies, derived from CS17 via SP 621003-0, 

each having a history of three cycles of selection for Rhizoctonia 
resistance ; (c) five of eight progenies, derived from monogerm 
material resistant to both CercosjJora leaf spot and A jJhanomyces 
type black root, each resulting from one to three cycles of selec­
tion for Rhizoctonia resistance; and (d) three of 12 miscellan­
eous progenies, mostly products of a single cycle of selection for 
Rhizoctonia resistance. Of the progenies with high survival per­
centages, designated in (a), (b), (c) and (d), two, five, four and 
two, respectively, also were significantly above GW 674-56C in 
root yield (9). Various inoculation methods had been used to 
create the disease conditions where the selections represented 111 
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Experiment R-2 were made. The results do not permit com­
parison ot those inoculation methods. 

Experiment. R-3 of 1966 was conducted primarily to evalu­
ate the Rh£zoctonia res istance of 23 special lines or progenies 
(products of selection under Rhizoctonia exposure) furnished 
by the Great 'Western Sugar Company. Experimental design 
and techniques were the same as for Experiment R-2. Results for 
the 23 special company lines or progenies will not be r eported 
here. Rf'sults for the five lines or varieties, included in Experi­
ment R-3 as standards, are presented in Table 2. Insofar as FC 
7U I, Fe 702, and their respective sources are concerned , relative 
performance agreed rather closely with that reported for Experi­
ments R-IA and R-2. 

Table 2.-COIuparison of sugarbeet Hnes [or Rhizor:t'mia resistance, Fort Collins, 
Colorado, 1966; results presented as 4-plot avera!!;es (Exp. R·3). 

Harvest results 


Description Seed Root Rhizoc. 
 •
and/o r Source no. SurvivaJn ),je'd h gradcC 

% Lbs 

C;W 602 (com. var.) Acc. 2664 19.2 4.53 8.8 
(;W 674 ·56C (co m. va1'.) Acr. 2168 16.1 4.63 S.8 
FC 701 (from ew 674·56C) SP 661102·0 H.6' 17.59' • 4.5 
C817 SP 621220HO 27.5 7.63 S.3 
FC 702 ( from CRI7) SP 661103-0 72.0" 14.4S· 4.8 

LSD (.05) 20.2 5.70 

LSD (.0 1) 26.7 7.5!l 


n Percent of thinned stand (Ilivl' at han"est. 
h TOlal "",'eight of roots of 1 h·ing plants per pl ot (I fi' or row). 
CVi sua l prcharvest es tilT1 :11e of Rhi:ortnnia injury \);)scd on depress ion of both stand 

and vigor: 0 ::::: health y; 10 = com"lele loss (a ll ,,'''"1S deCtd) . 
.. Average signifi cantly exceeds that of [h e sollrce, 
.. . Average exceeds that of the so urce by a highl y sig'nificant amount ··· i.e. bv a differ­

ence at le"st equal to LSD (.01). 

Discussion 
The results presented in this report showed conclusively that 

the levels of Rhizoctonia resistance of the multigerm popula­
tions, GvV 674-56C and C8l7, ,\Tere raised substantially by sev­
eral cycles of mass selection under Clrtificial Rhizoctonia expos­
ure. The results also indicated that considerable improvement 
in resistance had been made by selection in other source ma­
terial, includinf2; certa in monogcrm lines resistant to CercosjJom 
leaf spot and A phanomyces-type black root. 

. '\J though these results arc very encouraging, there are several 
reasons for tempered optimism. In the first plClce , the stand of 
resistant lines, such as FC 701 and Fe 702, was rather severely 
damaged by Rhizoctonia in some individual plots inoculated by 
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the rosette method. Furthermore, the tap roots oE many of the 
plants, classed as living in such lines at harvest, were in fact par­
tially if not badly rotted (T7igure 1). Some plants classed as liv­
ing had 10H their foliage before harvest, due to crown rot, and 
then had developed small tufts oE new leaves. This tendency, 
though more pronounced in the susceptible lines (d. Figure 1), 
also existed in the resistant lines. The resistance achieved in such 
lines as FC 701 and Fe 702 apparently is relatively ineffective 
while the plants are small. Finally, the results presented in this 
report, in general, represent response to only one Rhizoclonia 
isolate and a narrow rang-e of environmental conditions. Ap­
praisal of resistance of such lines (is Fe 701 and 702 under a va­
riety of environmental conditions, including a wide range of bio­
types or strains of Rhizoctonia, obviously is needed. 

It is evident that gains in Rhizoctonia resistance were made 
as a result of selecting plants under disease exposure created by: 
(a) residual inoculum (ovenl'intered from the preceding year): 
(b) post-thinning inoculation (rosette or semicircle methods); 
and (c) residual inoculum and post-thinning- inoculation in re­
spective selection cycles. The data presented do not permit criti­
cal evaluation of the resic1l1al inoculum method and the semi­
circle and rosette inoculation methods for selection purposes. 
However, as brought out elsewhere in this report, the residual 
inoculum technique is not dependable. In considering- tbe oth­
er two, it should be noted that the rosette method is eEfecive in 
differentiating- between re~istant and susceptible lines. Conse­
quently, it may be assumed that it is suitable for evaluation of 
the resistance of individual plants. The simplicity and low cost 
of this method make it especially desirable. 

FC 701 ana FC 702 are not considered acceptable varieties for 
commercial use. They are multigerm and apparently lower in 
root yieJo rhan the vig-orous source material from which they 
were derived. Very few plants were used in some of the repro­
duction steps in the development of both of these lines. Conse­
quently, loss in foot yield was to be expected. FC 701 and FC 
702 are considered of value primarily as sources of genes for 
Rhizoctonia resistance. 

Summary 
Studies of breeding- sug-arbeet for resistance to Rhizoctonia 

root and crown rot at Fort Collins, Colorado, from 1QS7 throug'h 
1966, included research on disease exposure techniques as well 
as the actual selruion of planls and evaluation of progenies for 
resistance. High lights are as follows: 

1. The application of dry, ground, barley-grain inoculum ill 
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the center of the foliar rosette (the so-called "rosette meth­
od"), 3 to 5 weeks after thinning, is considered the most 
dependable of the various inoculation techniques studied. 
This method is quite simple and relatively inexpensive. 

2. 	 Substantial improvement in Rhizoctonia resistance has 
been achieved by selection in various sugarbeet popula­
tions. It is no t known whether this improved resistance 
is effective against a 'wide range of Rhizoctonia races or 
biotypes. It apparently is relatively ineffective 111 early 
seedling stages. 

3. 	 Two Rhizocfonia resistant lines (FC 701 and FC 702), 
products of four cycles of mass selection for resistance, 
have been made available to the sugarbeet industry. They 
are not suitable fo r use as commercial varieties, and are 
considered valuable primarily as sources of genes for 
Rhizoctonia resistance. 
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