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The fungus Rhizoctonia solani Kuhn incites severe crown and root 
rot of sugarbeet, which usually results in the premature death of the 
plant. Sugarbeet plantings under attack by the fungus character istical­
ly show a progressive reduction in stand from early summer until 
harvest. Infected plants that survive are usually severely d amaged by 
rot. 

The only control measures presently recommended to growers 
are modified cultural practices, including special crop rota tions. Al­
though these measures are undoubtedly helpful, the disease has con­
tinued to damage the crop appreciably in most of the sugarbeet 
growing areas of North America. In response to the concern over 
continued losses caused by this disease, additional control measures 
have been sought, including the use of chemicals . 

In previous studies, Afanasie v and Morris (2)3 found that che mi­
cal soil treatme nts bis(dimethylthiocarbamoyl)disulfi de (th iram), 
sodium borate, and 2, 3-dichloro-1, 4-naphthoqu inone (dichlone) 
had little effect in controlling seedling blight and root rot of olde r 
beets. Later, Afanasiev and Baldridge (1) reported that broadcast 
application of pentachloronitrobenzene (PCNB) at 50-100 lb active 
ingredient/acre (a.i./acre) appreciably controlled those diseases. 
Potter found substantial suppression of Rhizoctonia infection with 
in-furrow applications of urea formaldehyde at 3-6 gallons (gal)/acre. 
He also obse rved that the treatments, particularly at the high rate, 
reduced the sugar content o f beets (unpublished report). 

In 1968, we initiated a program of testing chemicals and methods 
of application to control Rhizoctonia crown and root rot. T he tests 
were conducted under relative ly seve re disease exposure in field plots 
artificially infested with virulent isolates of R. solani. The published 
results of the 1968-70 tests (6 , 7, 8) a re summarized as follows : a) Six 
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fungicidal seed treatments and 18 pre-plant soil treatments provided 
no control; b) PCNB pre-plant soil treatment (4 lb a.i./acre) provided 
moderate control; c) Among eight fungicides applied at various rates 
to the soil before planting and sprayed in the crowns later, the follow­
ing reduced incidence and severity of the disease: methyl-l-(butyl­
carbamoyl)-2-benzimidizole carbamate (benomyl); PCNB; 5, 6­
dihydro-2-methyl-l, 4-oxathiin-3-carboxanilide (carboxin); and 
dimethyl 4, 4'-o-phenylenebis (3-thioallophanate) (thiophanate­
methyl). 

In 1971 field experiments described in this report, we continued 
our studies on the efficacy of soil and crown applications of selected 
fungicides. We also tested the effect ofsoil fumigation and ammoniacal 
nitrogen fertilizer amended with a nitrogen stabilizer on the develop­
ment of the disease. 

Materials and Methods 

Field plot technique 

In three experiment;, we tested separately the following different 
soil treatments: a) dicblcropropene and chloropicrin fumigant; 
b) ammonium nitrogen .'ertilizer amended with nitrogen stabilizer; 
and c) PCNB fungicide. In a fourth experiment, we tested six fungi­
cides applied as crown sprays. These four adjacent experiments were 
located in a field of Conover loam in Ingham County, Michigan. The 
commercial sugarbeet variety US H20 was planted in each experiment. 
After mid-June, plants were thinned, where necessary, to provide one 
plantl9 in. of row. 

The part of the field comprising the three soil treatment experi­
ments had been occupied the previous year by sugarbeet plots with a 
high incidence of crown and root rot after inoculation with R . solani. 
The residual inoculum from the diseased preceding crop was deemed 
adequate for initiating infection in our soil treatment plots. The part 
of the field comprising the crown spray experiment had been occupied 
by a small grain crop in the previous year; so to insure adequate ex­
posure to the pathogen, we artificially infested the plots with R . solani. 
The fungus had previously been grown in flasks of sorghum grain 
medium (9). After the inoculum had been dried and lightly ground 
to separate the kernels, it was applied at the rate of approximately 
3 mllft of row on 9 June with a hand-operated seeder approximately 
3 in . on each side of a row and about 12 in. deep. Two weeks later, two 
of the four randomized blocks of the experiment received an addi­
tional application of inoculum at the rate of 6 mVft of row. 

Soil fumigation test 

In a previous test, dichloropropene (85%) + chloropicrin (15 %) 
soil fumigant controlled Rhizoctonia infection of potato (H. S. Potter, 
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unpublished data). We accordingly tested a commercial liquid formu­
lation in the present experiment. After the soil had been plowed and 
disked, the fumigant was applied at IS.3 and 30.1 gaVacre with a 
tractor-mounted, constant-gravity flow injector equipped with 4 shanks 
lOin. deep on 12-in. centers. Immediately after application, the soil 
was worked with a spring-tooth harrow. Each 9.37 x 130.3 ft plot was 
planted with 4 rows, spaced 28 in. apart, 30 days after application of 
the fumigant. 

Nitrogen fertilizer and stabilizer test 

Nitrogen stabilizers such as 2-chloro-6-(trichloromethyl)pyridine 
(CTP) prevent the rapid conversion of ammonium nitrogen to nitrate 
nitrogen that usually occurs in the soil. According to Huber et al. (4), 
the specific form of nitrogen can affect severity of certain soilborne 
diseases. Instances are cited in which ammonium nitrogen increased 
the severity of disease caused by R . solani. Papavizas (S) reported de­
creased survivability ofR . solani in soil treated with ammonium nitro­
gen and CTP. 

In our study, we tested the effect of an ammonium sulfate 
fertilizer amended with CTP. The 8-32-16 fertilizer was sidedressed 
at planting, 2 in. to the side of the row and at approximately the same 
depth as the seed. The application rate of 12S0 lb/acre provided 100 
Ib of nitrogen/acre, which had been recommended on the basis of soil 
analysis. CTP previously blended with the fertilizer without CTP, in 
which, presumably, the ammonium nitrogen was readily converted 
to the nitrate form. Each plot comprised 4 rows, 19 ft long. 

Fungicide soil treatment test 

In a previous test (8), PCNB, applied in a 10-in. band along the 
drill row immediately before planting at 4 lb a .i.lacre, reduced the loss 
in stand from 80% to 6S%. In the present experiment, we tested the 
efficacy of increased dosages of PCNB (8 and 10 lb a.i./acre) . An aque­
ous suspension of the fungicide was applied at 100 gaVacre in a 10-in. 
band along the drill row. The treated soil was then worked with a 
rotary hoe to about a depth of 1.S in. just before planting. Plots of each 
treatment comprised two rows, each 19 ft long. 

Crown sfrray test 

We tested the following fungicides, applied in the crowns: 
thiophanate methyl; manganous ethylenebis[dithiocarbamate] 
(maneb) ; benomyl ; PCNB; chlorothalonil; and triphenyltin hydroxide 
(TPTH) . Aqueous suspensions of the fungicides were applied at 6S 
gaVacre with a hand-operated pressure sprayer. The spray was direc­
ted into the crowns and at the bases of the plants while the operator 
moved down the row at a constant pace . 
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T he fi rst spray was appl ied on 30June. Each fu ngicide was applied 
three times therea fter at 2-week inte rvals . Benomyl and PCNB were 
also applied once thereafte r at 2-week in te rvals and twice at 3-week 
intervals. The dosages used , in the case of benomyl, mane b, and 
TPTH, re presen t the maximu m that thei r registrations pe rmit on 
sugarbeet. Dosages of the othe r fu n gicides, not presently registered 
for use on sugarbeet, we re based on the man ufactu rers' recommenda­
tions. T he e fficacy o f a spreade r-regUlator spray adjUVant (polyoxye­
thylene polypropoxypropa nol + akyl 2-ethoxye thanol) with be nomyl 
was also tested . 

Results and Discussion 

T able 1 shows the a ve rage numbers of plants/plot in the th ree 
soi l treatment tests on 3 J une (emergence), 22 June (after thinning), 
and 14 Octobe r (harvest). In each test there was a decline in stands, 
attribu table to Rhizoctonia infection . T he average stands of the con­
trol plots in these three tests declined approximately 39% from mid­
J une until ha rvest. 

In the soil fumigation and nitrogen-stabilizer tests, the re were no 
significant di ffe re nces in stands between treated and non-treated con­
trols after the 22 June count. T he reason for the significantly higher 
stand of the .25 lb CTP t reatment in the 3 J une seedling cou nt was not 
determined, but was probably not associated with Rhizoctonia control 
because in subsequent cou nts the stand diffe rence was no lon ge r 
apparent. We obtained no e vidence that the soi l fu migation and nitro­
gen fer tilize r treatments affected incidence and seve rity of root rot. 
Howeve r, the e ffect of these treatments under alternative conditions, 
for example, when applied in the spring instead of the fa ll , has yet to 
be dete rmined. 

In the fungicide soil treatment test, the 3 June seedling stands of 
both of the PCNB t reatments we re significantly lower than those of 
the untreated control. Evidently the PCNB treatments adversely a f­
fected germin ation or emergence of seedlings. By 22 June , howe ve r, 
the d ifferences in stand between the t reated and non-treated plots 
were no longer apparent, and by harvest time both of the PCNB treat­
ments resulted in stands significan tly greate r than those ofthe control. 

Root rot incidence and severity associated with the treatments in 
the fungicide soil treatment test were determined and expressed as 
numerical ratings (Table 1). T he harvest stand cou nts and root rot 
ratings show that the PCNB soil treatments significan tly reduced 
Rhizoctonia in fec tion. The 8 lb/acre rate of PCNB was as effective as 
the 16-lb rate in controlling the disease and provid ed more control 
than d id a 4-lb rate in a previous test (8) . 

The e ffects of the var ious crown spray treatments on stands and 
on root rot ratings a re shown in Table 2. In the untreated control plots, 
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Table I.-Effect of various soil treatments of stand and root rot severity of sugarbeet in field plots infested with Rhizoctonia solani. 

Experiment No. Standl19 ft of row on Root 
&: type of indicat ed date 
treatment Chemical and rate (a.i./acre) 

I. Fumigant Dichloropropene (85%) + chlorpicrin ( 15%). 15. 3 gal 
Dichloropropene (85%) + chlorpicrin (15%), 30. 1 gal 
Untreated control 
LSD (.05) 

3Jun 22Jun 

78.2 14.1 
72.8 16.2 
83.8 14.8 
n.S. n.S. 

14 Oct 

5.9 
8.4 
8.0 
n.s. 

~ 
"0 

'" r­

<0 
""-l 
,j:o 

2. Ammonium nitrogen + 8-32- 16 Fertilizer, 100 Ib + eTP, .25 Ib 92.7 13.9 8.4 
nitrogen stabilizer 8-32-16 Fertilizer, 100 Ib + eTP, .5 Ib 76.1 13.3 8.6 

8-32-16 Fertilizer, 100 Ib control 83.1 14 ." 10. 3 
LSD (.05) 9.0 n.s. n.s. 

3. Fungicide peNB (2 Ib Ee), 8 Ib 6 1.8 16.1 12.3 1.8 
peNB (2 Ib EC), 16 Ib 58.6 15.3 12.0 1.8 
Untreated control 77.3 12.3 7.8 2.6 
LSD (.05) 14 .9 3.2 3.4 0.6 

aResults in Exp. I are based on three replicated plots each comprising 260.6 ft of row; in Exp. 2, six replicated plots each comprising 38 ft of row; and in Exp. 3, four 

replicated plots each comprising 38 ft of row. 

bRating based on a severity index from 0 (no symptoms) to 4 (dead). 
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the average stand declined almost 50% from mid-J une until harvest. 
Commencing with the 20 July count, there were significant differences 
in stand between some treatments and control. 

Benomyl did not control the disease as it did in two previous tests 
at considerably higher dosages. T he spreade r-regulator apparently 
did not enhance the effectiveness of benomyl. T hiophanate-methyl 
and maneb also failed to control the disease. 

Chlorothalonil, PCN B , and T PTH applications resulted in 
significantly higher stands and lower roo t rot ratings than those of the 
untreated control. Among these treatments, no signi fi cant diffe rences 
were noted. The results with TPTH support previous observations by 
Finkner et al. (3) concerning reduction of Rhizoctonia damage in field 
plots sprayed with organo-tin fungicides for control of Ce rcospora 
leaf spot disease. 

The results show that two sprays of PCNB were as effective as 
four. But in this regard we must emphasize that there was a noticeable 
decline in disease activity from early August until harvest. This con­
trasted markedly with observations in similar tests made during the 
preceding 3 years when disease activity continued unabated until 
harvest, with the average stand loss in the untreated control plots 
almost 90%. The below-average temperatures that prevailed during 
the latter part of the summer of 1971 may well have reduced the 
disease activity of Rhizoctonia, which appears to be favored by high 
temperatures. Under more normal temperatures, two sprays may not 
have been as effective as four. 

The results obtained in the crown spray test indicate the possibil­
ity of reducing Rhizoctonia root rot incidence and severity with certain 
fungicides applied as soil treatments (PCN B) or as crown sprays 
(chlorothalonil, PCNB, triphenyltin hydroxide) . Further testing to 
determine minimum effective dosages and application frequencies 
and to seek other materials with control capabilities certainly appears 
to be warranted on the basis of these tests. 

Summary 

In field plots infested with Rhizoctoniasolani , pre-plant applications 
of PCNB (8 and 161b a.i./acre) and crown spray applications of chloro­
thalonil (1.5 Ib), PCNB (2 and 4 Ib), and TPT H (.3 Ib) significantly 
reduced incidence and severity of root rot. Two crown applications 
of PCNB were as effective as four. No control was obtained by soil 
fumigation with dichloropropene + chloropicrin; by sidedressing of 
ammoniacal nitrogen fertilizer amended with a nitrogen stabilizer; 
and by crown applications of benomyl (.25 Ib), maneb (1.6 Ib), and 
thiophanate-meth yl (I. 7 Ib) . A significant red uction in seedling emer­
gence was associated with 8 and 16lb/acre of soil applications of PCNB. 
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Table 2.-Effect of various fungicidal crown sprays on stands and root rot severity of sugarbeet in plots infested with Rhizoctonia solani. 

Treatment Standll9 ft of row on % loss in Root 
Dosage No. appli­ indicated date" stand 22 June rot 

'"Fu ngicide Ib a.i.iacre cations 22 Jun 15 Oct - 15 Oct" rating" b 

Be nom yl (S OW) .25 2 
Benomyl (SOW) + adjuvantC .25 2 

22.S 
2 \. 3 

I \. 8 
9.5 

48.2 
55.3 

2. 1 
2.5 :s 

-.::' 
Benomyl (SOW) .25 3 23.8 13.5 43.3 \.8 
Benomyl (SOW) 25 4 19.0 S.5 55.3 2.0 
Chlorolhalonil (7SW) \. 5 1 IS.S 16.5 12.2 0.7 
Maneb (75W) 1.6 4 20.5 10.8 46. 3 2. 1 
PCNB (2 Ib EC) 2.0 2 22.0 16.0 27.3 \.2 
PCN B (2 Ib EC) 2.0 3 19.3 15.3 20.7 \,1 
PCN B (2 Ib EC) 2.0 4 2 \. 5 17.0 20.9 l.l 
PC NB (2 Ib EC) 4.0 3 24.3 16.8 30.9 \.3 
Thiophanale methyl (70 W) 7 -1 19.5 \ \. 3 42 . 1 2.0 

TPTH (47.5W) .3 4 20.5 16.0 2 \.9 I I 
Control \9.0 9.8 48.4 2.2 
LSD (.05) n .S. 5.5 \.0 

"Results expressed as means of 4 plots, each comprising one row, 19 ft long. 
bRatings based on a numerical index ranging from 0 (no symploms) to 4 (dead). 
cA spreader-regu lator (polyoxyeth ylene polypropoxypropanol + akyl 2-elhoxyethanol). 

(,j , 



JOURNAL OF THE A. S. S. B. T. 

Acknowledgments 

~e gratefully acknowledge the technical assistance provided in 
certam phases of this investigation by J. W. Chesebro, Agricultural 
Department, Dow Chemical Co., Midland, Michigan. 

Literature Cited 

(1) 	 AFANASIEV, M. M. and D. E. BALDRIDGE. 1965. Selection for resistance 
and chemical control of Rhizoctonia root rot disease of sugarbeets. J. 
Am. Soc. Sugar Beet Techno!. 15: 150-15S. 

(2) 	 AFANASIEV, M. M. and H . E. MORRIS. 1952. Resistance and soil treatments 
for control of Rhizoctonia of sugarbeet. Proc. Am. Soc. Sugar Beet 
Techno!. 7:562-567. 

(3) 	 FI NKNER, R. E., D. E. FAR US, and L. CALPOUZOS. 1966. Eva luation of 
fungicides for the control of Cercospora lea f spot of sugarbeet. J. Am . 
Soc. Sugar Beet Techno!. 14:232-237. 

(4) 	 H UBE R, D. M. , R. D. WATS UN, and G. W. STEINER. 1965. Crop residues, 
nitrogen and plant disease. Soil Sci. 100:302-30S. 

(5) 	 PAPAVIZAS, G. C. 1969. Survival of root-infecting fungi in soil Xl: Survi­
val of Rhizoctonia solani as affected by inoculum conce ntration and 
various soil amendments. Phytopatho!. Z. 64: 101-111. 

(6) 	 SCHNEIDER , C. L. and H. S. POTTER . 1965. In Fungicide and Nematacide 
Tests 24:77. AmeL Phytopatho!. Soc. 

(7) 	 SCHNEIDER, c. L. and H. S. POTTER. 1969. In Fungicide and Nematacide 
Tests 25:9S-99. Amer. Phytopathol. Soc. 

(S) 	 SCHNEIDER, C. L. and H. S. POTTER. 1970. In Fungicide and Nematacide 
Tests 26:102-103. AmeL Phytopath. Soc. 

(9) 	 WHITEHEAD, l"vl. D. 1957. Sorghum grain, a medium suitable for the 
increase of inoculum for studies of soilborne and certain other fungi. 
Phytopathology 47:450. 


