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Introduction

The incidence of sugar beet crown and root rot in crop rota-
tion has been veported by several investigarors (1, 8, 7. 8, 9y
Lhese reports cited above are based for h( most p:nt on Slll\’(’y\
and are not the result of planned rotation c\pinmemx to ob-
serve the specific dlsc(w:a associated with crop rotations. Results
on the incidence of Rhizoctonia crown and root rot reported
in our paper and c'lscxx'hcrc confound to some exient the offect
of the preceding crop and time between sugar heet crops on the
incidence of Rhizoctonia induced crown and root rot.

Crown and root rot, an impm‘tmr discase of half-grown or
nearly mature sugar beets (Beta vulgaris 1) in western Nebraska
and other aveas is caused by Rhizcctonia solard ¥uhu, (Pellicnd-
aria filamentose (Pat)) Rogers). R. solani has a wide host range
and comprises numerous parasitic strains. This characteristic of
the pathogen and the fact that R. solani survives in the soil in-
fluences the use of control measures, such as crop rotation. The
effects of crop rotations on crown rot of sugar beets ar the Scotts
Bluff Experiment Station, Mitchell, ?\'cbr;xska, were detenmined
for the years 1933 and 193¢ and for the p(*riod 1046 to 14949,
More recently experiments on cross inoculations were made with
R. solani isolates to ascertain the possible refationship of pavasitic
strains to the effectiveness of crop rotation in controlling the
discase, Data from crop rowation and cross inoculation expert-
ments are incorporated in this paper.

Materials and Methods

The rotation plots used in this investienrion are located at
the Scotts Bluff Fxperiment Station, Miutchell, Nebraska, on the
North Platte veclamation project in wertern Nebraska. The
clevation of the Station is (mpm\xmatch 4000 feet. These rota-
tions were inaugurated in 1912 and deal mth various methods
of utilizing trrieated land, They were carrvied out as oricinally
planned from 1912 to 1941, During this 30-year period the
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rotation experiments dealt primarily with the use ol farm manure
and fegumes {alfalfa and sweet clover) for mamtaining soil
productivity.

A new rotation put into cffect from 1942 to 1949, included
manure, mineral fertilizer  (chiefly ammonium salphate and
treble superphosphate), alfalfa as green manure, and sweet clover
as a pasturc and green manure. Bavley veplaced oaws. The other
crops in the votation were alfalia, sweet clover, sugar beets,
potatoes, and field beans (Table 1.

¥
&

Table I.—New Rotation Numbers, Cron Sequences angd Fertilization at the Scotts Bluff
Experiment Station, Mirchell, Nebraska,

New
Rotation Crop Sequence arnd Fertitization!
No.
¢ beets
) hects (NP
24 heets. potatoes
onC Duets (NP, potatoes (NP2)
21 Beers (M), potatoges
38 beets, barlev-sweet clover, potatocs
338 beets (M3, hurlev-sweol ddover, potatocs
3% heets, barley, potatoes
358 beets (M), barley, polatoes
450 heets (NI barley, potatoes (NP2)
41 heets, bavlev-alfalfa, alfaltu. polatocs
418 Boeers (M) Baplev-alfaliy, wlfalfa, potaiocs
11 beas (NI, bavley-alfalfa, alfalfa. potatoes {(P)
458 beets (M), barley, boeans, potutoes
430 beets (NP23, burleyv, beans, potatpes (NP7
44 beets, bavley sweet clover, ssect dover pasture, potatocs
49 beers (NP}, barley-sweet clover, sweet clover pasture, potatocs
46D Beets (NP, barley-sweet dlover, swect clover cut, potatoes (P
[§5] beets, bavleyv-altalfa, alfatfa (3 vrs. ). potatoes
638 heets (M) barley-allaifa, alfalla (5 yre}, potatoes
83C bects (NP, haylev-alfalfa, alfalfa (3 vrs ), potatoes (1)
668 bects (3, Darley-alfalta, alfalfa (2 yrs ). potatocs, beans
G6C Beots {NPS, baviev-allalin, alfelfa (2 yrs.), potatoes (P, beans

UMY Lamn manuve applicd at rate of 12 tons per acrve.
(NPY 102 pounds of nitrogen and 56 pounds of Pe0: per acre,
(NP#Y 51 pounds of nivogen and 38 ponuds of PeOs per age,
(P} 56 pounds of 10, por acre.
Proevious to 1943, the application of nitrogen amounted 10 20 pouneds per aae,

The land had not been cudiivared prior to rhe establishment
ol the Station in 1910, The soil of the experimental arca is
Tripp very fine sandy loam, a typical soil ol the extensive arcas
ol the terraces north of the North Plaue River. Tv is readily
permeable o water and well drained. Fach c¢rop in the votation
was grown each year; there were as many plots for cach rotation
as there were years in the oycle of the voradon. As far as possible,
the same cultural treatments were given to all plots ol the same
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crop. All plots in sugar bects were plamad cach year tor the
16946-1949 period to ¢ the varic ty GW 520 a variety very susceptible
to crown rot. The variety used in 1933 and 1934 is not known.
It may or may not have been from seed grown in Europe.

Plots 2 and 2D were each one-cighth acre in size. All others
were one-fourth of an acre. The vows were 132 leet long. Crown
rot data for 1933 and 1934 have been obtained {rom sugar beet
root samples taken at random just prior to harvest. The method
of sampling consisted ol taking fLive samples of 20 beets cach
from 40 inside rows of cach plot. Ten beets were taken from
each 4 rows. Eight rows comprised one sample. The data for the
1946-1949 peuod were taken {rom six specific and uniformly
distributed inside rows in cach plot. Observations and data on
the incidence of crown rot were made twice during the growing
season and at harvest time. About 700 beets per plot were ob-
served per season.

The modified toothpick method (19) of inoculation was em-
ployed in greenhouse and feld trials to determine the host range
of R. solani strains. Potatoes (variety Progress) and field comn
(variety Nebr. 501-B) were inoculated in the first node. Field
beans (variety U.L 59) were inoculated in the tap root. The
field corn, beans, and potatoes were about one month old at
time of inoculation.

An attempt was made to determine the inoculum potential
of soil from the rotation plots by planting seed in soil samples
under greenhouse conditions. Adequate checks consisted ol steam
sterilized soil and normal greenhouse soil. Lach soil sample was
tested in duplicate in 6-inch clay pots in cach of which 25 sheared
sugar beet seed were planted. The air temperature of the green-
house was 857 F.

Experimental Results

The percentage of diseased sugar beets in the vrotations for
1933 and 1934, 22 and 23 years alter the rotations were estab-
lisbed, was present at a low level in rotations from 2 to 6 years
in length as well as in the continuous sugar heet plot at this
time. The maximum percentage was about 3 percent for any
one period. A disease trend related to rotation length and type
was not evident in 1933 and 1934.

The data for the 1946- I‘Mﬂ) period indicated a definite trend
in disease incidence {Table 2). The incidence of crown rot of
sugar bects was the highest in the continuous (1()ppmo of sugar
beets, rotations 2 and _’D) lowest in the four- and six-vear rora-
dons, rotations 41 through 66C. In general as the length of
rotation decreased the incidence of crown rot increased.
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Table 2—Prevalence of Crown Rot of Sugar Beets in Divigated Botations in 1946 to
1049 at the Scotts Blufl Experimoent Station, Mitchell, Nebraska.

Peveent of Crown Rot

Raotation
No.l 19462 1947 1948 1949 Average
2 53 80 62 56 63
2D 70 G4 3 40 56
20 27 37 3¢ 32
200 i3 28 14 i8
21 4 34 28 22
33 12 7 15 11
3B 7 9 13 10
a5 21 il 12 15
35B 8 13 10 IR
350 8 10 S 9
41 7 18 17 14
411 4 11 4 6
41G & 12 14 il
438 7 9 12 9
43¢ 7 12 5 8
49 2 8 15 &
49C 3 7 12 8
49D g 11 14 11
63 13 3 7 11
G3R 3 17 i1 1
G3C 5 14 12 10
561 9 8 g 9
G6HC 14 14 18 15

tSee Table | for desceription of rotations,

¥ Data not obtained for plots other than for 2 and 2D,

Considering all rotations, the application of ecither farm
manure or commercial fertilizer decreased the Rhizoctonia dis-
case (Table 3). In continuous sugar bect cropping commercial
fertilizer decreased the percentage of crown rot from 63 to 56
for the four-year period, 1946-1949. In the two-year rotation
for a three-year period, 1947-1949, the incidence ol _disease de-

Table 5.—Average Percent of Crown Rot of Sugar Beets for the Fevtilization Treatments
in Different Lengths of Rotation for the 1946-1945 Period,

Length Rotation

in Years Nondertilized Manuse {NP)
continuous 63 56
2 32 22 8
3 13 11 9
4 11 8 10
6 11 10 13

Average 28 13 21
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creased from 32 to 22 and 18 with the application of farm
manure and commercial fertilizer, respectively. There was little
difference between the non-fertilized and fertilized plots i three-,
foar- and six-year rotations.

The effect of crop sequence on crown rot of beets was dillicult
to determine. The sugar bect crop followed potatoes in all rota-
tions except 66D and 66C where 1t followed beans {Table 1).
The incidence of cvown rot was relatively low and about equal
i all six-year votations.

Under greenhouse conditions crown rot did not develop in
sugar beets planted in soil trom different rotations. A consider-
able amount ol pre-emergence damping-oft was noted. No clear-
cut differences, however, could be detected either between
different lengths ol rotation or berween different treatunents
within the same length votation. The average percent loss in
stand for the continucus cropping and two-, three-, four- and
six-year rvotation was 36, 16, 40, 28 and 32, The stand loss in
pormal greenhouse soil was 6 percent and when sterilized no
loss in stand was vealized.

The temperature of 85 F. is probably too high to occur
naturally during spring conditions but this temperature is com-
mon later in the season when most ol the crown rot appears.
The experiment bears out the fact that the soils {rom the rota-
ton plots contain damping-off microflora and under certain
conditions this discase may occur. he information on damping-
off in the greenhouse is of dubious value {rom the crown rot
standpoint because R. solani strains that cause the damping-off
phase may not necessarily be capable ol causing the crown rot
phase of more mature sugar beets {103 A stand loss due 1o
damping-off in the rotations did not appear to be common undey
ficld conditions.

Cross inoculations with R. solani isolates were made to ascer-
tain the reaction of crops grown in the rotations. Cultures 2.
5, 8, 13 and 20 were isolated [rom discased sugar beet roots and
Culrures 1 and 42 were obtained hrom porato sterms and sugar
beet sotl (irrigation runoft water), respectively. In 1458 ercen-
house experinments Cultures 1, 2, 8, 13, 20 and 42 were found
to be nonpathogenic for tield beans. Cualtures 2 and 42 induced
only a slight discoloration in the area ol inoculation. "This dis-
coloved arca was shightly more extensive than for the other
cultures bue the isolates will be classified as non-pathogenic be-
cause the spread of discoloration during a three-month period
may not be due to true inflection. Fach of the Culiares 2,05
and 13 killed abouvt 75 percent of potatoes inoculated; Culiures
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20 and 42 were nonpathogenic lor potato. Gultures 2 and 8
mduced severe crown rot symptoms ol sugar beets and the other
lour cultures were classilied as nonpathogenic using the tooth-
pick inoculation method (10) or by sotl infestation i the field,

In field experiments results similar o those reported for
greenhouse tests were obtamed with Culwares 1, 2 and 5. In
1958 field tests Culture 1 owas nonpathogenic tor field corn,
potatoes and feld beans. (’uhurcs 2 and 5 were delintely
pathogenic for potatoes causing 100 percent kill. These cultares
caused slight discoloration i inoculated arcas in ficld corn and
were (!asslimd as nnn; sathogenice for field beans. In 1939 fickd
Luts the resulis of the I(}JS tests were conhirmed Lor Culrures

Iand 2. Culture 8 was pathogenic for potatoes but not for held
beans or flield corn.

Soil infestation in pots with Cultares 1 or 2 1o greenhouse
tests resulted in host reaction comparable to data reported pre-
viously.  Neither Culture T nor 2 affected altalfa, a crop which
was not included in toothpick inoculation c*«(pcrimcms‘ Cul-
ture 23, isolated from field bean roots, proved pathogenic only
for held beans because no stand was obtained in sox! infested
with this culture,

Discussion

In considering the effects of crop rotations on the incidence
ol a soil-borne disease several aspects need to be taken into
account. What ts the host range ol the pathogen with respect to
crops grown in the rotation? What is the cifect of the preceding
crop on the discase? What is the effect ol fertilization on the
occurrence of the disease?

The length of rotation definitely allected the amount of
crown rot ol sugar beets. Sugar beet monoculture and rwo-year
rotations with potatoes were favorable for K. solani survival and
development. Two-ycar rotations with (1<.ps such as corn, beans
or alfalfa substituted for potatoes would clarily the 1&1\011 for
discase incidence. In other words, R. solani may be capable ol
survival as a saprophyte in the soil Tor two years and decrease
with time. This information would present a clearer picture
ol the effect of length of rotation on the disease.

An explanation [or the effect of crop rotations on Rhizoctonia
discase was sought by a determination of the parasitic capabilities
of strains of 31. solani on crops grown in the rotations. Isolates
of this fungus [rom sugar bects were pathogenic for sugar beets
and potatoes but not for field beans, alfatla and ficld corn. An
isolate [rom potato stems was nonpathogenic for ficld corn, held
beans, potatoes and sugar beets. This nonpathogenicity of potato
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stem isolates for sugar beets confirms LeClerg's work (6, 7). An
isolate from field bean root was only pathogenic for field beans,
A pwixecd (Amarayihins )(’/mjl(’\m L.y solate was shightly
pathogenic for sugar beets. The number of isolates employod
may not include the entire spectrum of parasitic capabilities
represented by R selani strains existant in western Nebraska,
Ihe data may be somewhat indicative of the host range of the
races present, for Rhizocronia root vot is not an economic problem
on any of the crops grown under irrigation in western Nebraska
other than sugar beets or potatoes.

With the many strains of K. solani existant a general state-
ment as to 1ts patlmgcmc capabilities may be incorrect. In 1934
LeClerg (6) had found that R. solani isolated from potato stems
and tubers were nonpathogenic for sugar beets. The isolates
from potatoes are generally considered as nonpathogenic for
sugar beets (3, 6). For this reason potatoes have been wggcswd
as the crop to precede sugar heets. More recently some of the
R. solant isolates Ivom potato stolons were found pathogenic for
sugar beets (7). On the other hand our studies have indicated
that R. solani isolates from sugar beets may or may not be para-
sitic for potatoes.  Thus a crop rotation effect on the R. solani
disease may result from host selection of pathogenic strains,
Strains pathogenic lor sugar bects or potatoes survive because
they are able to pavasitize these crops. Alrhough exact data to
prove this point are not available, our studies show that in a
two-vear rotation the incidence of R. solani crown yot is decreased
mmldcmbly compared to continuous cropping of sugar beets.
In 1938 Goss and Alanasiev (4) reported a similar decrease in
Rhizoctonia black scurl of potatoes in the same rotations. The
fact that tests of solates of R soland from potato tubers arve non-
pathogenic for sugar heets [avors the idea of selective pressures.
The longer rotations are the more effective in keeping the dis-
case in check because field beans, alfalfa and sweet clover may
not favor survival and development of R. solani strains pathe-
genic for sugar beets or potatoes,

Thus, in spite of the fact that many strains of R. solani exist,
conditions in certain localities favor the survival of some strains.
In western Nebraska R. solani may be prevalent on sugar beets
and potatoes because strains pathogenic for these crops are favored
by conditions present. It is quite probable that under certain
conditions the R. solani strains pathogenic for either field beans.
alfalta. or sweetr clover may not be important on either sugar
heets or potatoes.

Surveys by LeClerg (7) of sugar beet and potato fields in
Colorado, Wyoming, and Nebraska for the period 1936-1938
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showed that sugar bects following potatoes were, 1n general, rela-
tively free h(_;m Rhizoctonia root rot compared with sugar beets
followed by sugar beets. There are reports (1, 8, 9) ()l Rhiz-
octonia root rot of sugar beets following potatoes. In these in-
stances other crops besides the one just preceding sugar beets
may need be considered. In the Scotes Bluidt Pxpunncnt Station
rotation plots the incidence of Rhizoctonta crown rot of sugar
beets was low when preceded by potatoes in a four- or six-year
rotation, but was high in the shorter rotations,

Discrepancies in field survey data from different areas may,
in part, be attributed to variations in pathogenicity ol R. solani
tsolates. In the Scotts Bluff Experiment Station rotations, 70
and 63 percent Rhizoctonia infection occurved in four years of
continuous cropped potatoes and sugar beets, respectively, while
only 26 and 32 percent occurred in a two-year rotation of potatoes
and sugar beets (4).

An explanation ol the incidence of Rhizoctonia disease re-
quires more information than a statement on crop sequence.
Addition of fertilizers to the soil decreased the disease b01h in
potatoes and sugar beets (5). Knowledge ol fertilization prac-
tice at the time interval between susceptible crops is necded.
Coons (2) presents a general review ol the Rhizoctonia disease
of sugar beets and Kernkamp et al., (B) present a review of
the many complex problems involved in Rhizoctonia diseases of
plants. The many ramifications of the problem will not be re-
peated in this paper.

A comparison of the data obtained in 1935 and 1934 with
that in 1646-1949 indicates & cumulative in('rease in Rhizoctonia
crown rot over a period of time. In 1033 and 1934, however, the
data relate to harvested roots. Sugar beets kall(’d carly in the
season during these years were ignored. Therelore, the cumula-
tive increase may be less important than the data indicated.

Summary

A study of the effects of irrigated (‘mp rotations on Rhiz-
octonia solani crown and root 1ot of sugar beets was made at the
Scotts Bluft Fxperiment Station, Mitchell, Nebraska, In addition
to continuous cropping plots, four diflerent lengths of rotations
were involved as well as different fertilization and cropping
practices.

There was a tendency for an increase in disease with a de-
crease in length ol rotation. The amount of disease was {avored
by continuous cropping and by a two-ycar rotation. The host
range ol scveral strains of R. solant was studied to explain the
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cffects of crop retation on the disease. Crown rot was present in
the rotations 22 and 23 years after mauguration of the rotations
but appeared more common 84 and 86 years alter the program
was started.

Fertilizer apphications decreased crown rot in the two-year
rotation and i 3 out ol 4 years ol continuous cropping. Com-
mercial fertilizer or manure did not appear to affect the disease
incidence in the longer rotations.
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