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Introduction

Root rot caused by Rhizoctonia solani Kuehn, also known as
Pellicularia filamentosa (Pat.) Rogers, is a serious disease of sugar
beets for which satisfactory control measures are not known. At-
tempts to breed Rhizoctonia resistant varieties have been im-
peded by the lack of satisfactory techniques for creating artificial
exposure to attack. Such techniques must provide for a high
degree of uniformity in the intensity of exposure to the pathogen
and also for maintenance of exposure intensities at levels suit-
able for root selection and progeny testing purposes, respectively.
Several studies of inoculation methods have been reported
[Houston (8)°2, LeClerg (10 and 11), Kreitlow and Sherwin (9),
Erwin (5), and Schuster et al. (14)], but none has been shown by
experience to be entirely satisfactory for such purposes. The
relation of soil amendments to Rhizoctonia attack of sugar beets
has been studied by several authors [Blair (2), Boosalis (3), Dun-
leavy (4), Holst and Cormany (7), and Sanford (12 and 13)].

Materials and Methods

Twenty-five R. solani isolates from Colorado crop plants and
soil were tested for pathogenicity to sugar beets at 3 stages of
seedling development. Three, replicated, greenhouse pot ex-
periments were involved in this study, each experiment includ-
ing the full set of 25 isolates. Steamed and non-steamed soils
were used in separate experiments. Certain isolates did not attack
the plants, and the pathogenic action of others ranged from mild
to very severe. Isolates classed as pathogenic, on the basis of
these results, were used selectively in all field and greenhouse
inoculation experiments initiated during 1958. In earlier in-
oculation experiments in the field, the inoculum used consisted
of a composite of 18 Rhizoctonia isolates of undetermined patho-
genicity.

1 Cooperative research conducted by the Botanv and Plan "l};}](:—g-\-' H('CI[(.:]TCr;Inmdo
Agricultural Experiment Station, and the Crops Research Division, Agricultural Research
Service, U. S. Department of Agriculture. supported in part by funds contributed by the Beet
Sugar Development Foundation and The Great Western Sugar Companv. "This paper has been
approved for publication bv the Director, Colorado Agricultural Experiment Station, as
Scientific Series Article No. 6i56.

2 Formerly Graduate Research Assistant, Colorado Agricultural Experiment Station, and
Plant Pathologist, U.S. Department of Agriculture, respectively, Acknowledgment is made
to L. W. Durrell, Dean Emeritus. College of Science and Arts, Colorado State University, for

assistance and suggestions in conducting this studv.
# Numbers in parentheses refer to literature cited.
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For field experiments, inoculum was prepared by growing
Rhizoctonta isolates for 2 to 3 weeks, at approximately 25 (,
in flasks containing moist, sterilized, whole grain. The cultures
then were dried in a mechzmimlly ventilated oven at approxi-
mately 407 €. Iixcept where otherwise indicated, the dried ma-
terial was ground in a Wiley mill, passing through a 2-mm wire
mesh screen. Fxcept where the use of sorghum grain is indicated,
barley grain was used as the substrate for the pl(pdléi]Ol ol all
moculum for field use. For check purposes in certain experi-
ments, the fungus in ground grain inoculum was killed by means
of propylene oxide, alone or in conjuction with autoclaving. In
some cases autoclaved substrates {ground grain) also were used
for check purposes.

Sugar beet strains or vavicties used in these investigations
were as follows:

ALSP 52108-0: A USDA variety resistant to Cercospora leaf
spot (€. beticole Sacey and to black root of the type
caused by Aphanomyces cochlioides Drechs,

B. 8P 5RIBI15-0¥2: B-500% v miscellaneous material selected
at Fort Collins for Rhizoctonia resistance. The 7, fur-
nished by The Great Western Sugar Company, had resulted
from sclection for Rhizoctonia 1c‘si%tance

C. SP 471001-0: A vigorous inbred, susceptible to Cercospora
leal spot and to Ap anomyces-type black rot.

D. Kleinwanzleben-F: A comruercial European variety.

E. SP 5832.0: A monogerm USDA variety, vesistant to leaf
spot and black root,

F. GW 350 A leal spot resistant commercial variety widely
grown in northern Colorado in recent years. Seed ol this
variety was used in all experiments reported in this article
where the variety is not specifically indicated in the pre-
sentation of results,

On the basis of 1957 results at Fort Collins  (unpublished),
strains € and D were considered quite susceptible to R solani
and A and B were thought to have at least some degree of resist-
ance or tolerance to that pathogen. In all experiments involving
the application of inoculum in the sced furrow with the seed at
time of planting, the seed was treated before planting with an
ample quantity of 70 percent maneb dust, the excess removed
by vigorous screening. Maneb seed treatment also was used in all
other experiments, sometimes in combination with Dieldrin for
root maggot control.,

All field experiments were conducted on the Tospital Farm
near Fort Collins, Colorado. Soil type in the area used for the
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experiments is classed as Fort Collins fine sandy loam or Fort
Collins loam, light-textured phase. The sprinkler method of
irrigation was used exclusively.

Two principal inoculum application methods were tested
under field conditions. They involved the placement of ground
grain inoculum, respectively: 1) with the seed at planting, and
2) in contact with the sugar beet tap root after thinning. In the
first case, a measured amount of sugar beet seed was placed on
the seed belt of a drill, and a measured quantity of inoculum
was spread uniformly over the seed'. The mixture then was
drilled the full length of 1 plot row. With the second method,
the soil was removed from around the tap root to a depth of 1
to 114 inches, a measured quantity of inoculum was placed in
contact with the tap root, and the soil was pulled back into its
original position (Figure 3). A third method of inoculation, used
in a preliminary field trial, involved the application of ground
grain inoculum in the center of the foliar rosette, after thinning,
allowing it to fall on the surface of the soil at will.

Figure 3.—Post-thinning method of applying Rhizoctonia inoculum to
sugar beet plants. The completed job is shown for plant at left where the
inoculum is covered with soil.

A preliminary field experiment, dealing with the effects of
soil amendments on Rhizoctonia attack, was conducted in 1958.
Each of 2 amendments, yellow corn meal and dried beet pulp?,
was applied at 2 rates: 0.2 and 0.4 pound per 17 feet of row. The

*This method was suggested by N. R. Gerhold and K. E. Mueller, while serving as Asso-
ciate Plant Pathologist and Junior Plant Pathologist, respectively, Colorado Agricultural Ex-
periment Station.

5 LPC dried pulp made by The Great Western Sugar Company, containing the equivalent
of 14 percent crude protein.
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amendment was distributed in a band approximately 6 inches
wide, tmmediatcly belore plamzing. and worked into the soil to
a depth of about 3 inches. The beet row was planted approxi-
nutely 1 inch to the leflt of the cenrer line of the 6-inch amend-
ment band, using a beli-type planter and a uniform seeding rate.
On July 20, 3 weeks after planong, living or killed ground-
barley (composite Rhizoctonia)  inoculum was applicd to the
right of the center line of the amendment band, approximately
2 inches [rom the beet row and 114 inches deep. There were 2
blocks of plots, cach plor consisting of 1 row, 17 {ect long. The
0.2-pound soil amendment rate was used in block 1: the 0.4-
pound rate m black 2. A )pmpri'ttc sotl-amendment and inoculum
checks were included in cach block.

Two experiments were designed to study the relationship of
plant ages and lungus isolates 1o disease reaction of 4 sugar bect
straing growing in an artificial medimm in the greenhouse. Sugar
Leet strains A, B, C, and D were used. All seed was sized between
10/64 and 15/64 inch and planted in a 4.5-inch diameter civele
in G-inch pots. Three Rhizoctonia wsolates {B-6. B-12, and $-10),
rated vespectively as strong, moderate, and weak in potho-
genicity, plus check constituted 4 so-called “isolate” treatments.
The inoculum consisted of 1 o mycelial agar disks, and on
December 30, 1958, one disk was placed 14 inch deep in the
center of each pot to be inoculated. A steamed mixture of 50
percent Canadian peat moss and 50 percent fine, washed, river
sand, by volume, as proposed by Baker and coworkers (1), was
used as a growth medium. Nuatrients supplied in the watering
system solution, in parts per million, were as follows: N = 120.4,
Na= 8.0, K.O - 1320, Mg = 12.0, SO. = 480, B.O, = 0.5,
and P.O; = 35.0. Calciam was incorporated in the sand-peat moss
mixture at the rate of 5.7 grams of powdered calcium carbonate
per gallon. Greenhouse air temperatures, as yvecorded by thermo-
graph, were approximately as follows: 6:30 ey oto 8:00 anm, 16° €3
0:30 Aant to 4:30 ey, 277 C; overall, 21° €L Soil temperatures, in
the pots, averaged approximately 147 and 26° C at 8:00 av and
4:00 pv, wxpeunel‘v

In the first of these 2 greenhouse experiments, planting was
done on November 13 and December 6, and populations were
thinned to 10 plants per por prior to inoculation. All possible
combinations of 4 sugar beet strains, 2 age classes, and 4 solate
treatments resulted i a total of 32 entry munbers [or the ex-
periment. A randomized complete block desien was used with 3
replications. In the second greenhouse experiment, planting was
done inuuediarely before inoculation was performed.  Seeding
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rates were adjusted according to germination in an attempt o
provide 30 potental scedlings per pot. All pessible combinations
ol 4 sugar beet strains and 4 isolate trenunentss resulted in 16
entry numbers. The pots were arranged in a randomized com-
plete block design with 5 replications.

Additional details regarding materials and methods are given
in the report ol results for individual experiments,

Experimental Results and Discussion

Inoculion applied with the seed

In a preliminary field experiment with 3 1‘(*})”(“’iii()l“l\3 in 1957,
ground barley grain (Rhizoctonia) inoculum was applied with
the seed at approximately 0.4, 0.8, 1.6, and 3.2 mi per toot of
row. Stands for those treatments after thinning, expressed as
percentage ol the non-inuculated check, were 7. 6, 2, and 0,
respectively,  In a comparison of ground- and whole-barley
inoculum, applied at the rate of 0.4 gram per loot of row, pre-
thinning stands were I and 28 percent of check, respectively.
The greater percentage of killing obtained for the ground inoc-
ulum was attributed o more umlmm dlsmhutum of infective
Rhizoctonia units \'\hcrc dry, ground, autoclaved barley grain
was applied at the rate of 0.4 gram per Feot ol row. pre- thmnmo

stand was 7 pcu,cm of check.

Table §—Effects of type and rate of applicatien of RKhizoctenia inoculwm, with ihe
seed, on sugay beet stand uader field consditions.

Treat. Inoculum Esolates and living plants pu plo[
number  Substrate Kind Amount B.7x 5-21s Cverag
per fi.
M No. Nu. No,
Compatrison of rates:
H barlev Hving Rhirec .03 803 20.% 25.5
b4 do do 012 3.0 a0 3.0
3 dao do 0.29 2.0 37 2.8
6 sorghum ey 0.3 27 183 a5
7 do do 0,12 1.0 20.7 12.3
B do do .24 1.0 8.3 4.7
1.5D (3-percent point) [N 111
Fovalue for interacton, isolates 3¢ treaunents = 3.67
Comparison of “checky™
4 barley kilted Rhirzoc® 0.12 96.3 124.40
3 do ster. substrare 0.12 287 17.0
g sorghum kitled Rhbieoe® .12 96.0 953
34 do thstrate 0.12 300 63.7
11 nong - S 124.7 1216
LSD {3-percent point) 23.0 25.0

Fovalug tor intraction, bsolates 5 treitments = | 14

# Fhree-plot averages; counts made in 14 feet of row per plot. 0/19/38, 5% dass alwr
planting.

b Killing performed by means of propvlene oxide.

#= Fovalue exceeds the L-percent point.
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In 1958, ground grain inoculum was applied with the seed,
in a field experiment, at 0.03, 0.12, and 0.29 ml per foot of row.
Killed Rhizoctonia inoculum and sterilized substrates were ap-
plied at the rate of 0.12 ml per foot. A split-plot design was used
with main plots (Rhizoctonia isolates) composed of sub-plots
of inoculum types and rates. There were 3 randomized complete
blocks. The results from this experiment are presented in Table
I and in Figures 1 and 2. As shown in Table 1, the 2 heavier
rates of application of living inoculum resulted in extremely
severe reductions in stand for each type of substrate. Stand
reductions for the 0.03-ml rate were significantly less severe and
probably much nearer the point that would be most suitable for
progeny testing purposes. Where barley-substrate 111()culum was
used at the 0.03-ml rate, the average number of surviving plants
per plot (25.5) was 21 percent of that shown for the non-treated
check, treatment no. 11. The corresponding percent-of-check
value for the 0.03-ml rate of sorghum-substrate inoculum was 29.
It is recognized that such a degree of exposure to the pathogen
probably “would permit the survival of many “escapes.” Con-

Figure 1.—Comparison of 3 rates of application of living Rhizoctonia
inoculum, with sugar beet seed, at time of planting. Plots with large labels,
left to right, received 0.03 ml, 0.12 ml, and 0.29 ml, respectively, per foot

of row.
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Figure 2—Effects of killed Rhizoctonia inoculum and sterilized barley
substrate, applied with the seed, in comparison with the non-treated check.
Labeled plots at left and right received killed inoculum and sterilized sub-
strate, respectively, at the rate of 0.12 ml per foot of row.

sequently, if such a method of inoculation were to be used for
individual plant selection purposes, a much more consistent or
uniform exposure would be required. For such purposes, and
under the conditions of this experiment, it appears that an
inoculum application rate of 0.29 ml per foot of row, or slightly
higher, would be desirable. The relative pathogenicity of the
fungus isolate also must be considered, of course. It is conceiv-
able that a much heavier application rate, using an isolate of
only medium pathogenicity, would be more suitable for identi-
fication and preservation of individual plants with a modicum
though desirable degree of seedling resistance to Rhizoctonia,
if such plants exist.

Certain comparisons among ‘“‘check” treatments are of inter-
est (Table 1). The average stand for each of the treatments
involving the application of killed-Rhizoctonia inoculum (treat-
ments 4 and 9) was below that obtained for the basic check
treatment (no. 11), and in one case the difference was quite
significant. The average stand for each of the sterilized-substrate
treatments (nos. 5 and 10), in turn, was far below the average
for the corresponding killed-inoculum treatment, both differences
being highly significant.
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The role ol one type of sterilized substrate in promoting
damping-off among young scedlings was studied in a plellmnmw
laboratory experiment, Tield soil was used without steaming
or other [ungicidal treatment. Seed was planted in small glass-
walled containers, with and without dry, ground, autoctaved
barley grain, and the containers then werve held at a temperature
of 28° C. At intervals of 72 and 96 hours after planting, sced-
lings were removed from the soil and plated on nutrient agar.
Ihe fungi obtained were identified as to genera. The highlighe
ol this experiment was the behavior noted for Pytfium sp. Sced-
lings from 5 of 52 sced balls of the check trearment produced
P\!hmm sp. on nutrient agar. In contrast, seedlings from 18 of
32 seed balls, planted in (‘(mt‘tincrs‘ recetving the sterilized sub-
strate, produced Pythiium sp. Species of P}sf}*’?zsme are known to
be quite pathogenic to young sugm bect scedlings, and one species
has been veported as the chiel cause of pre- and post-emergence
damping-off in a series of sced treatment experiments conducted
in the vicinity of Fort Collins a number ol vears ago (63 Ad-
mittedly the scedling populations involved in this experiment
were not large, and sotl conditions in the laboratory differed
from held ((mdxlmm However, the results seem to ]usuh the
tentative concluston thae the severe stand losses ohserved, where
sterilized harley-type substrate had been applied with the sced
at time of planting, mw be ateributed largely to stimulation of
Pyihium activity by the presence ol this readily available food
material,

Inoculum apphlied after Lthinning

Two dates of post-thinning sub-surface inoculation were com-
parved in a preliminary field experiment, with 3 veplications, in
1957. Thinning was performed on July 29 at about the usual
stage of plant “devel clopment.  Ground barley granr inocuium.
composed of a mixture ol Rhizoctonia isolates, was applied at
the rate of 0.6 gram per plant. Dates ol inoculation compared
were August 2 zmd August 15, Living planws in the inoculated
plots were counted at time ol inoculaton and again at harvest,
October 21, At harvest, cach Jiving plant was classified for disease
reaction, as itlustrated in Figure 4, and the total weight of roots
ol living plants was determined for ecach plot. In the non-
imoculated check plots, no loss in stand occurred between thin-
ning and harvest, the average disease rating at harvest was 1.2
{essentially healthy), and the total weight of roots per plot was
36.6 pounds. For plots inoculated on August 2 (1 days alter
thinning), a 32-percent loss ol stand occurred between time of
inoculation and harvest, and the average discase rating and total
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weight of roots per plot were 3.2 and 19.6 pounds, respectively.
Corresponding averages for plots inoculated 17 days after thin-
ning were 2 percent, 2.2, and 36.1. It seems clear that delaying
the inoculation 13 days resulted in a decrease in severity of
attack. However, not all of this difference can be attributed to
plant age effects.

I 2 3 4 5

Figure 4.—Rhizoctonia disease ratings.

The relation of plant age to Rhizoctonia attack in the field
was studied further in 1958, using the post-thinning sub-surface
method of inoculum application, 4 dates of planting, and a single
inoculation date. A split-plot design with 4 randomized complete
blocks was used. Plant ages constituted the main plots. Each
main plot was composed of 3 sub-plots which received living
inoculum, killed inoculum, and no inoculum, respectively.
Ground barley inoculum, composed of a mixture of 13 pathegenic
isolates, was used at the rate of 2 ml per plant. At the time of in-
oculation (August 1), soil adjacent to all plants in the check plots
was manipulated in exactly the same manner as in the inoculated
plots. Stand counts made on August 5 represented numbers of
plants living at time of inoculation. The lower initial stand
counts in age class IV (Table 2) were the result of removal of
curly top infected individuals just prior to inoculation and are
considered unimportant insofar as the outcome of this experi-
ment is concerned. As shown in Table 2 and Figure 5, there
was a strong relationship between plant age and severity of
Rhizoctonia attack, where living inoculum was applied, the older
plants tending to die later and exhibiting a higher percentage
survival at harvest. Effects of killed Rhizoctonia inoculum were
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Table 2.—The relation of sugar bect age to severity of Rhizoctonia attack under field
conditions®,

~No. of Surviving plants
No. of days, plants - Discase
Plant age thinning to per plot . R Percent? rating
Inoculum symbol® inoculation® 8/5 8/19 9,/27 9/27¢
Living Rhizoc. I 0 5.9 0.0
i1 11 8.6 0.8 5.0
111 22 83.0 2.1 15
v 44 98.6 26.9 1.5
Killed Rhizoc.! I 0 100.0 97.8 1.2
11 It 100.0 100.0 1.}
1 22 100.0 100.0 1.3
v 414 100.0 - 497.7 1.2
Check I Y] 100.0 100.0 1.1
11 I 49.2 49.2 11
111 29 100.0 1004 1.1
v Ly 100.0 100.0 1.0

a Data presented as 4-plot averages; cach plot, 2 rows % 12 feet (Counted area, 2 rows 1
feet).

b Planting and  thinning dates were as follows: 1 774, 8710 1T 6/27, /21 10
6/13, 7/10: IV = 5/22, 6/18; vespectively.

o Inoculation performed 8/1/358.

¢ Percentages based on initial stand (8/3).

© Basis of rutings: 1 = essentially healthy: 5 — very severe discase.

¥ Killing performed by means of propylene oxide plus autoclaving

negligible. These results indicate that, in a Rhizoctonia resist-
ance breeding program, the intensity ol exposure to the pathogen
may be regulated to some extent by suitable timing of inoculation
with respect to plant age.

Rates of post-thinning inoculum application, sub-surface, were
studied in a replicated experiment in the field, in 1958, using
I-, 2, and 4-ml amounts of ground-barley inoculum per plant.
The 15-isolate composite, mentioned in the preceding paragraph,
was employed.  Killed inoculum and sterilized substrate were
applied at the rate of 2 ml per plant. Sugar beet strains ¢ and E
were used. Discase effects were negligible in all plots receiving
killed inocalum, sterilized substrate, or no moculum or substrate
of any kind. Of 514 plants noculated with living Rhizoctonia
4 days alter thinning, only 2 were alive 45 days later, and both
were severely discased. One of those plants had received 1 ml
of moculum and the other had received 2 ml. These results do
not offer any encouragement lor control of intensity of exposure
to Rhizoctonia, through regulation of amount of inoculum, where
the post-thinning sub-surface method is employed. IHowever,
further study, involving lower inoculum dosages, is needed before
a delinite conclusion can be reached in this regard.

A preliminary feld trial, with inoculum applied in the
petiole-crown region, was conducted in 1958, using 1-, 2-, and



Figure 5.— Influence of plant age on
Rhizoctonia attack. Plots 1 and 4 (2-row
plots marked at far end with tall white
stakes) were planted on June 27 and 13,
respectively, and both had received living
Rhizoctonia inoculum on August 1, 1958,
12 days before picture was taken.

Table 3—The influence of soil amendments on Rhizoctonia attack of sugar beets in the field.

Soil amendment and living plants per plot®

No amendment Beet pulp e Corn meal
Inoculum DAL = L Final stande Initial ~ Final stand® Tnitial Final stand®

stand® Surv.. “Dis. stand® Surv. Dis. stand® “Sury. Dis.

: No. Pct._ .Pct. - No. .i’cl.__ Pot. \l‘T_ [ Pct. Iy Pct.

Living Rhizoc, 143.5 85.7 40.6 56.5 8.2 5.5 . 69.5 97.1 17.9

Killed Rhizoc.t 135.0 92.9 0.0 88.5 98.9 0.0 62.0 100.0 0.0

None 117.5 97.0 1.4 750 100.0 0.0 48.5 100.0 0.0
Average TI51.3 735 60.0

T
# Basic data presented as 2-plot averages, each plot 1 row 3¢ 17 feet; connts, 14 feet of row per plot.

b Initial stand counts 8/2/58: inoculum applied 7/29, 21 days after planting.

¢ Final stand counts 9/17: percentage survival based on initial number of plants: percentage diseased based on number surviving.
4 Killing performed by means of propylene oxide plus autoclaving.

P8¢
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4-ml rates. OF a total of 128 plants of sugar beet strain C, 1nocu-
lated with composite living Rhizoctonia 4 days afrer thinning,
all were dead 45 days Inter. There was no loss dae to Rhizoctonia
in the non-inoculated check plots. Thus, the use of noculum
it this manner appears rather pmnmnw as an inexpensive and
effective means of exposing large populations of sugar bects to
Rhizoctonia under field conditions. Whether the mtensity of
exposure to the pathogen can he contvolled satisfactorily, and
whether exposure in this manner is desirable in other respects
must be determined by farther experimentation.

Soil amendment trial

The resubis of a prehiminary soil-amendment experiment,
conducted under field conditions, are shown in Table 3. Since
results for the 0.2- and 0.4- -pound rates were not (‘ontmdifun‘y,
the 2 vates were combined in the preparation ol Table 3. In
studying these data, it should be noted that they are based on 2
1ep ications, only. However, certain treatment effects or trends
are of such magnitude that they appear to be quite meaninglul.

It was obscrved in the ficld that damping-off was severe in
those plots rece 1xmg either of the soil amendments and pegligible
in plots receiving no soil amendiment. Since the mmal ‘»mnd
counts, shown in "Fable 3, were made before Killing due to the
application of Rhizoctonia inoculum had begun, the cffects ol
soil amendments on damping-oft, independent of the effects of
inoculation, may be observed in the initial stand columns, Aver-
age initial stand for the 6 plots given no soil wmendment was
li;l 3 plants per plot, and the comparable averages for the beet
pulp and corn meal amendment treapuents were 755 and 60.0
respectively. Thus, the carly losses in stand, indicated by thcsc
results and attributed to the respective amendments, were 44 and
54 percent. It s assumed that those losses were primarily due
to stimulation, by the amendments, of the activity ol pathogenic
organisms occurring naturally i the soil.

Stand Tosses occurring during the 46-day period, between the
dates when the inidal and Inal counts were made, provide a basis
for appraising effects of inoculation with Rhizoctonia and counter
effects ol sotl amendments. As shown in Table 3, survival per-
centages ranged from 929 1o 10600 for the 2 types ol checks
(killed Rhizoctonia inoculwmn and no  inoculmm)y, with no
obvious cffects auributable to soil amendments or 1o the use of
killed inoculum, Where living Rhizoctonia moculum was used.
survival percentages for no-mnendment and for beet pulp and
corn meal amendments, respectively, were 83.7, 98.2, and 97.1.



Table ¢.~—~The influence of sugar heet strain and fungus iselate on Rhizoctonia attack under contrelled conditions; inoculum applied after thinning.

Sagar Number of living plants per pots
Isolate beet Total Hcalﬁ’;y
sirain 1726 22 29 2,16 2,23 372 39 3716 343 4,31 331
-6 A 10.0 7.0 5.8 5.2 1.2 0.0 0.0 0.4 0.0 0.0 0.0
B 10.0 7.7 7.5 3.5 0.5 0.0 0.0 0.0 0.0 0.0 0.0
[ 10.0 6.2 4.8 i.5 0.0 0.0 0.0 0.0 .0 0.0 0.0
D 10.0 8.7 7.3 3.8 1.7 0.2 0.0 0.0 0.0 0.0 0.0
B-12 A 10.0 10.0 10.0 9.8 9.7 9.3 8.8 8.3 7.8 5.2 1.0
B 0.0 10.0 0.0 10.0 j0.0 10.0 4.5 0.2 0.2 5.7 0.8
C 100 10,0 1.0 10.0 6.0 4.8 9.8 G.0 7.8 8.4 0.5
n 0.0 G4.8 9.8 9.8 9.7 8.7 9.2 4.0 6.8 4.7 a8
510 A 1.0 a0 LG 10.0 1.0 100 16,0 1.0 10,0 1.0 10.0
B 1040 1.0 10.0 10.0 10.0 100 o0 L 0.6 0.0 JEERY]
[N 10.0 10.0 0.4 1.0 100 1.0 10.0 10.0 10,0 0.0 10.0
D 10,8 100 0.0 10.0 10.0 10.0 1.0 10.0 10.0 10.0 10.0
Check A .0 10.0 jLR 10.0 10 HiLG 1.0 00 100 10.0 10.0
B 10.0 10.0 10.0 10.0 10.0 10,0 10.0 10.0 10.0 10.0 10.0
[ {60 1.1} 0.6 1640 10.0 [1ER3] 1o HLO 1.0 1.0 0.0
B 10.0 10.0 10.0 10.0 10.0 10,0 10.0 1.0 10.0 10.0 10.0

# Data presented as G-pot averages (G-inch pots). Three replications weve planted on November 154,

tion was performed on December 36,

and the other 3 on December 6, 1958, Inocula-

<
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Table 5~—The influcnce of sugar beet strain and fungus isolate on Rhizoctonia attack under controlled conditions; inoculum applied at tmc of

wSunepd
‘Total no. Living plants as percent of total emergence?
Sugar emerged

Isolate beet plants Total Healthy
Strain per pot 1712 1/19 1/26 P 2/9 2/16 2,24 3.2 379 %793 Y VI

B-6 A 34.2 97.8 86.5 68.3 453 335 18.0 9.5 3.2 0.0 0.0 0.0 0.0
B 36,2 96.2 ! 57.7 39.9 30.2 19.3 124 1.9 1.2 0.0 0.0 0.0

C 412 3.1 80.8 69.4 454 312 137 4.4 2.2 0.0 0.0 3.0 0.0

3] 28.6 97.6 81.2 69.9 35,7 47.1 358 15.9 9.4 2.1 0.0 0.0 0.0

B-12 A 32,0 97.8 49.4 106.9 99.2 99.2 9.2 8.6 48.6 98.6 93.9 66.6 1.7
i 324 98.5 97.5 98,4 8.9 98.9 U8.4 98.9 8.9 97.4 96.3 73.2 215

C RER 92.3 98.2 0.0 160.0 100.0 08.3 96.4 94.2 88.4 84.1 57.0 11.2

D 30.8 99.4 100.0 100.0 99.4 99,4 98.0 8.0 95,2 3.3 84.9 61.3 113

§-10 A 312 994 100.0 100.0 j00.0 100.0 99.4 99,4 994 99.4 99.4 08.7 98,7
B 28.2 97.1 49.4 1000 99.4 8.6 97.4 97.4 974 97.¢ g97.4 455 94.9

¢ 39.4 96.4 98.8 160.9 100.0 499.6 99.6 49.6 99.6 99.6 99.6 98.6 95.1

5] 8.6 99.3 98.9 98.9 a8.4 98.9 a9 98.9 43.4 98.9 48.9 98.3 94.7

(6 A 31.0 938.7 100.6 100.0 100.0 100.0 00 100.0 100.0 " 1000 100.0 99 .4 99.4
B 418 99.4 994 99.4 99.4 99.4 9.4 90.4 99.4 §9.4 99.4 964 994

G 33.0 3.4 98.7 987 99.2 1040.0 100.0 100.0 100.0 140.0 100.0 99.0 9.0

D 30.0 98.1 98.7 a98.0 G8.6 99.3 995 99.3 99.3 99.3 29.5 98.6 98.6

® Planting and inoculation performed on December 50, 1858,

B Data presented as S-pot averags {6-inch pors},
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Corresponding percentages of discased plants at havvest were
40.6. 5.5, and 17.49, respectivdly. Te secems clear that the living
imoculum carsed substantial injury in the neamendment plots,
and it is tentatively concluded that the amendments, where
applied, provided some degree of protection. It is assumed that
this protective influence was due to stimulation of soil micro-
organisms detrimental to Rbizoctonia, 'This apparent protective
effect of the amendments was in agreement with results reported
by Sanford (13) and Dunfeavy (1), bur contravy to the observa-
tions of Holst and Cormuany (7).

Inoculaiion of flants growing under contvolled condilions

The reaction of 4 sugar beet vavieties or strains to % Rhizoc-
tonia isolates, in a sand-peat moss medium in the greenhouse, is
shown In Tables 4 and 5. Since there was very little difference
in reaction of the 2 older scedling groups, the results for those
groups were combined  (Table 4). Results for the voungest
seedling group- the group that was inocualated at time of plant-
ing -ave presented i Table 5. isolate B-6 killed all seedlings
of all sugar beet sirains and ages before or during the week of
March 9--ie.. within approximately 10 weeks after moculation.
The final killing action occurred within a 3-week period for
all strains. Isolate B-12 was much slower in s attack than
isolate B-6, and 13 weeks alter inoculation 1t had not killed all
the plants of any strain. Isolate S-10 appeared to be almost non-
pathogenic under these conditions. Tt exhibited very littie killing
and disease in the younger beets, and none in either of the
older sets.

Some evidence that sugar beet strain G was more susceptible
to Rhizoctonia than the other 3 strains, undey the conditions of
this experiment, may be {found in Tables 4 and 5. That evidence
is rather meager and cannot be considered as conclusive. Differ-
ences among the other 3 strains appeared to be neghigible. ’

The prepavation of a reproducible soil mixture, suitable for
Rhizoctonia resistance testing purposes in the greenhouse, repre-
ents a substanrial problom, Tr is believed that the sand-peat moss
medium used in this study appears rather promising as a solution
to this problem.

Summoary
A sevies of greenhouse and feld experiments was conducted

tor the purpose of devising techniques for exposing sugar beets
to Rlizocioniu solani suitable for discase resistance testing and
selection purposes.

Ground and whole barley-erain Rhizoctonia inocula, in dry
form, were compared and lound to produce velatively even and
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sporadic attack of sugar beet seedlings, respectively, when applied
with the seed at identical rates. The ground, barley-grain
mceulum, prepared from viralent isolates and applied with the
seed at time of planting in ficld plots at the vate of .03 ml per
foot of row, produced a degree of exposure to the pathogen
considered satislactory for progeny testing purposes.

Where ground, barley-grain inoculum was applied in con-
tact with the tap root and below the soil surface at the rutc of
2 m] per plant. from 0 to 11 days alter thinning, less than 1 per-
cent of the plants were alive at harvest. OF comparable older
plants. inoculated 44 days after thinning, 27 percent survived.
Attempts to control intensity ol Rhizoctonia exposure by varying
the rate of post-thinning application  of inoculum were un-
successful.

Four sugar beet strains, thought to differ somewhat in resist-
ance or tolerance to K, solani, were tested under controlled con-
ditions against R. soleni isolates with past histories of strong.
moderate, and weak pathogenicity, vespectively. The strains were
tested ar 3 stages of scedling development. Differences among
strains, in apparent resistance, were vather small and inconclusive,
However, the relatively consistent pathogenic activity of the
Rhizoctonia isolates indicated that the sand-peat moss medium
cmpleyed in this study may be a useful rool for Rhizoctonia
resistance testing and selection work in the greenhouse.

Beet pulp and corn meal, incorporated with field soil inunedi-
arely prior to planting, caused a severe, carly reduction in sugar
beet scedling stand where artificial inoculation with Rhizoctonia
was not a factor. On the other hand, the presence ol cither soil
amendment apparently interfered substantially with the patho-
genic action of Rhizoctonia inoculum applied in a band, approxi-
mately 2 inches from the beet row. 3 weeks after planting.

Sterilized barley- and sorghum-grain substrates resulted in
severe losses in scedling stand. in the ficld, when applied with
the sced at time of planting. On the basis of results obtained
from a laboratory experiment, this occurrence, at least with
respect to barley, was attributed to stimulation of the pathogenic
activity of Pylliwm sp. occurring naturally in the soil.
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