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Leaf spot, caused by Cercospora beticola SaCc., IS a common 
disease of sugar beets. The average annual crop loss is about 
3.0 percent nationally (2)3 but higher in the humid areas east 
of the Rocky Mountains. Control of the disease with fungicides 
has been investigated in this country and Europe (1,3,4,5). The 
results presented here supplement our knowledge of the timing 
of fungicide applications and of the type of chemicals used to 
control leaf spot. 

Fungicide Evaluation Experiments 
Materials and Methods Fungicides (Table 1) were applied at 
10-day intervals starting in late June or early July and con­
tinuing for 5 to 7 applications. They were applied at 150 psi 
from a high-pressure sprayer at the rate of 100 gallons per acre. 
Spreader-stickers used were Ortho spray sticker in 1963, DuPont 
spreader-sticker in 1964, and Plyac in 1965. An emulsifiable oil, 
EAP-249, was used with some fungicides. . 

Experimental plots, located near Vermillion, South Dakota, 
in 1963 and 1964 and at Brookings in 1965, were 4 rows wide, 
35 feet long, replicated 4 times, and arranged in a completely 
randomized block. Leaf spot severities corresponding to the 
percentage of leaf area spotted were rated on a scale of 1 to 11, 
with 1 = no disease and 11 = all leaves dead. Beet yields and 
sugar yields obtained with help from the Utah-Idaho Sugar 
Company were compared by Duncan's Multiple Range Test. 
Results In nonsprayed plots the percent leaf spot was 93.3 in 
1963, 90.9 to 93.3 in 1964, and 7.0 to 9.5 in 1965. . 

In 1963, Duter was the most effective chemical. It reduced 
disease severity to 34%, increased beet yield 7 tons per acre, 
and increased sugar yield 3000 Ibs. per acre (Table 2). Dithane 
M-22, Dithane M-22 + EAP-249, Tribasic Copper Sulfate, and 
Daconil also performed well. 

In 1964, Duter again was the most effective chemical. It re­
duced disease severity to 17.4%, increased beet yields 4-5 tons 
per acre, and increased sugar yield at least 1200 1bs. per acre 
(Table 3). Maneb compounds (Dithane M-22 and Manzate-D), 

1 South Dakota Agricullural Experiment Station Journal Series No. 720. 
2 Assistant Professor, Plant Pathology Department. South nakota State University , 

Brookings, South Dakota. 
:3 NUDlbers in parenthesis rerer to literature cited. 



25.5 VOL. 14, No. 3, OCTOBER 1966 

Table I.-Fungicidal chemicals applied to sugar beets. 

Trade name Conunon name Chem ical Jlaille Fonnulatioll 

llresta n tri phen yl-tin -acetate 6011'1' 
Calumet Copper 5% copper naphthenate 5L 
Ca lumet M-20 copper carbamate 2011'1' 
C-O-C·S fixed copper basic copper chlorides 55wp 
Cypl'ex dodine N -dodecylguanidine acetate 65wp 
Daconil tetrach Ioroisol'h thaloni tri te 7S'wp 
Dirolitan roldd N· I , I ,2,2· tetrachloroeth ylncercaplO· 

4-cyc]ohexcll c- l ,2-discarbox illl id e 80wp 
Dithanc ;\/ -22 mane!) manganese ethylene-b is-di th io­

carbamate SOwp 
Di[ilan M·22S maneb manganese cthylene-bis-dithio­

carbamtae + zinc 8011'1' 
Ditl«lIle M-45 coord ination prod uct of zinc and 

manganese ethylenc-bis -dith io­
carbamate 8011'1' 

Duter lri p he nyl.tin.h ydrox ide 2011'1' 
Dyrenc 2if.dichloro·6· (O·cil loroan il ine) ­

s- lriazine 50wp 
Manzate mane b manga nese ethylcnc-bis ­dithio ­

carbamate SOwp 
Manzate-D maneb manganese ethylene-his-diotio­

carbamate + zi ne 8011'1' 
Niacide-iV! mixture of manganese dimeth yl 

dithio- carbamate and rnercapto­
benzothiazole 65wp 

Phaltan fo lpet N· trichlorometh yl ph thai illl ide 50wp 
Phygon dichlone 2.3·d ichloro-I ,4 -napth thoq ui none 50wp 
Polyram zinc pol yethylenethiuram disulfide 8011'1' 
TC·90 coppe r salts of fatty rosin acids 4SEC 
Tribasic COl' per fixed copper I rii):1sic copper sulfate 53wp 

Sulfate 

Table 2.-Effecl o[ fungicide on Cc("cospora leaf spo rt sligar, and yields of sugar 
beets. (1963) 

Fungicides and rales Percent Beets Sugar 
of usage per acre:l disease LOns/ acre Ibs / acre 

Mane b, 2.0 Ibs 34.6* * 18.50 463'j 
Maneb. 3.0 Ibs 50.0** 18.71 4796 
Dithane M-45. 2.0 Ibs 51.3* * 19.40 5150 
Duter, 1.5 Ibs 33.2* * 23.42** 6068** 
llasic Copper Sulfate. 5.0 Ibs 49.5* * 22.61** 5723* 
Folpet, 4_0 Ibs. 81.7 20.9 1 * 4799 
Folcid, 3.0 Ibs 67.6** 17.79 4301 
Dyrene, 2_0 Ibs 60.2* * 19_5 1 4805 
Dodine, 2.0 Ibs 90.7 16.35 3260 
DAC-2787. 2.0 Ibs 34.3** 19_66 5462* 
Dicblone, 0.75 Ibs 91.4 16.30 3749 
TC-90. 0.75 gal 78.9 17.40 4086 
EAP-249, 1.0 gal 87.8 15.45 3447 
Maneb. ·2.0 Ibs + EAP-249, 1 ga l 45.3 * * 20.96* 5194 
Check 93_3 16.07 341 1 

" Applied at 100 gpa. Tota l of 6 spray applications. 
*Statistical signiCicance at the percent level of conf idence. 

**Statistical significance at tb e I percent level of confid ence. 
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Table 3.-Effect of fungicides on Cercospora leaf spot, sugar, and yield of sligar 
bee~. (1964) 

.;
Fungicides and rates Percent Beets Sugar 
of usage per acrea disease tons/ aexe Ibs / acre 

Duter. 1.5 Ibs 17.4** 18.13 5272 
Duter, 1.0 Ibs 44.5** 16.36 4785 
Duter, 0.5 Ibs 58.8** 15.73 4752 
Tribasic copper' sulfate, 6.0 Ibs 69.1 ** 14.58 4380 
Tribasic copper sulfate, 

6.0 Ibs + E.<\P·249, 5 pts 67.3** 14.75 4335 
Tribasic copper sulfate, 

5.0 Ibs EAP·219, 5 pts 68.7" 17.21 5389*+-
Tribasic copper sulfate 

4.0 Ibs + EAp·249, 5 pts 61.2'* 14.51 4551 
Tribasic copper sulfate 

8.0 Ibs + EAp·249, 5 pts 60.9** 17.74 4943 
Manzate D, 3.0 Ibs 64.4 ** 16.26 4752 
Manzate D, 2.0 Ibs 79.1 16.84 4786 
Manzate D, 1.0 Ibs 84.3 14.66 4312 
Manzate D, 2.0 Ibs, 75 gpa 79.0 15.69 4357 
Manzate D, 2.0 Ibs, 50 gpa 80.5 20 .25 5418** 
Manzate D, 2.0 Ibs, 25 gpa 78.5 14.92 4400 
Dithane M·22, 2.0 Ibs 49.3** 13.37 395+ 
Dithane iV{·22, 2.0 Ibs + EAP·249, 5pts 65.7** 17.22 4784 
DAC·2787, 3.0 Ibs 56.7** 16.41 4855 
DAC·2787, 2.0 Ibs 50.1 ** 17.38 5220 
DAC·2787, 1.0 Ib 85.0 15.72 4635 
DAC·2787, 2.0 Ibs + EAp·249, 5 pts 63.8** 12.87 3508 
Dithan M-45, 3.0 Ibs 57.7** 13.69 4:115 
Polyram, 4.0 Ibs 81.3 16.01 4609 
C·O·C·S, 6.0 Ibs 68.9** 13.28 3913 
M·20, 0.5 gal 91.9 18.42 5410* * 
Dyrene, 3.0 I bs 71.2* 15.37 4487 
Check #1 90.9 14.72 3981 
Check #2 92.2 12.43 3205 
Check #3 92.3 15.56 401 I 
Check #4 93.1 13.07 3498 
Check #5 93.3 13.38 3630 

a Applied at 100 gpa, except where otherwise designated. Total of 7 spray applications. 
*Statistical signficance at the 5 percent level of confidence . 

**Statistical significance at the 1 percent level of confidence. 

Daconil, and Tribasic Copper Sulfate performed as well in 1964 
as in 1963. M-20 increased beet and sugar yields, but it did not 
control leaf spot. 

In 1965, leaf spot severity in all treated plots was significantly 
lower than in the non treated plots (Table 4). Because of the 
low level of disease incidence in the treated plots, it was difficult 
to determine which chemical was the most effective. However, 
Duter at 1.5 Ibs, Daconil at 2.0 lbs, and the maneb compounds, 
which demonstrated good control in previous years, were among 
the effective fungicides in this experiment. Brestan, Dithane 
M-45, and Polyram gave good control of leaf spot. 
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Table 4.-Effect of fungicides on Cercospora leaf spot se"erity. (1965) 


Reconunended 
Fungicides and rates Percent for 
of usage per acre' dis(:~ase grower usch 

Polyraru, 5.0 Ibs 0.1** 

llrestan, 1.0 Ib 

Duter, 1.5 1 bs 

Dmer, 1.0 Jb 0,8** 

Dutrr, 0.5 Ibs 0.9*" 

Daeonil, 3.0 lbs 0.5"" 

Daconil, 2.0 Ills 
 o9*'k 

Daconil, LO Ib O.G" 
Dithane 1\1·22:>, 2.0 Ibs 0,4** 

Dithane 3.0 Ibs 0.4" 
Manlate·D, 
.\Illnzatc·D, 2,0 Ibs 
ManJate·D, 1.0 Ib Yes 
Tribasic copper sulfate, 6 11>, 
C·O·C·S, 6 Ibs Yes 
Tribasic sulfate, los E,\I' 2-19, 5 pIS Yes 
Tribasic sulfate, 6,0 Ihs Yes 
Calumet 2 los I\'o 
N iacide si, 3.0 Ills :-.10 
Calumet copper 3~" 2 gal 
Check #1 7.0 
Check #2 7.8 
Check #3 7.2 
Check #4 9.5 

of confidence. 

These data indicate that leaf spot be controlled bv 
However, only four the ar~ 

cleared by the Food and Drug and by the I '5DA 
for use on sugar heets. are the manebs )\'1-22 and 

Dithane Polyram, and the basic coppers 
and CO-C·S). It expected that Duter 

and Daconil will be cleared for use in a few years. 

Spray 
Nlatel'ials and Methods Il is nut economically to 

over tbe season, as this would 10 to 
determine a suitahle number and 

evaluate several 
each, with each 

For cOIl\enience of 
a number 1 th 

ied. The earl lest stan 
and June 30 in 19(j'1. 

a series were continued 
icationin ;1 ,vas 
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days before harvest. Maneb (Dithane M-22) was used at 2.0 Ibs 
per acre in 1963 and 1964, and Duter was used at 1.5 Ibs per 
acre in 1964. 

The plot size, the method of fungicide application, and final 
evaluation of the data were as described in the previous section 
on fungicide evaluation. 

Table 5.-Time of fungicide application vs. Ccrcospora leaf spot, sugar, and yields 
of sugar beets. (1963) 

Dates of Percent Beets Sugar 
Fungicide applications' disease tOils/ acre Ibs/ auc 

Maneb 1,2,3,4,5,6 34.6** 18.50 4636 
1,2,3 84.7 21.74·** 50 11 

2,3,4 73.3* 20.31 * 5182 
3,4,5 60.8** 19.32 4556 

4,5,6 75.1 18.16 4096 
Check 93.3 16.07 3411 

• I-July 15; 2-July 25; 3-August 5; 4-August 15; 5-Aug ust 26; 6-September 7. 
*Statistical significance at the 5 percent level of confidence. 

**S tatistical significance at the 1 percem level of confidence. 

Table 6.-Time of fungicide application vs. Cercospora leaf spot, sugar, and yields 
of sugar beets. (1964) 

Dates of Percent Beets Sugar 
Fungicide applications" disease t.ons/acre Ibs/ acre 

Duter 

Dithane M-22 

Check #1 
Check #2 
Check #3 
Check #4 

1,2,3,4,5,6,7 
1,2,3 

2,3,4 
3,4,5 

4,5,6 
5,6,7 

1,2,3,4 
2,3,4,5 

3,4,5,6 
4,5 ,6,7 

1,2,3 ,4,5 
2,3,4,5,6 

3,4,5,6,7 
2,3,4,5,6,7 

1,2,3,4,5,6,7 
1,2,3 

2,3,4 
3,4,5 

4,5,6 
5,6,7 

36.7** 
87.4 
71.2** 
46.5** 
61.0** 
80.2* 
,66,3** 
59,3** 
57.4** 
61.7** 
39,2** 
53.5** 
56,3** 
39,5** 
58,1** 
93,7 
89,5 
83,7 
79,2* 
77 ,6** 
90,9 
93,7 
91.8 
92,5 

17.55 5293 
15.19 41H 
14.54 4427 
15.85 4446 
15.94 4922 
14.56 4277 
12,94 4353 
15,62 4796 
17,22 5176 
]4,34 4228 
15,6 1 4.583 
16,29 4846 
13,61 4266 
13,82 4094' 
17,27 5195 
12,54 3506 
15,07 4348 
17,08 4795 
16,03 4492 
12,60 3609 
15,28 3691 
13,83 3773 
12,64 3290 
12,65 3348 

a I-June 30; 2-July 9; 3-July 21; 4-August 2; 5-August 12; 6-August 21; 7- Sep­
tember 1. 

*Statistical significance at the 5 percent level of confidence, 
**Statistical significance at the 1 percent level of confidence, 
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Results The results of the 1963 experiment (Table 5) demon­
strate the importance of fungicidal coverage during late July 
and August. The best series of three sprays (3, 4, 5) reduced leaf 
spot severity by ' about 33 percent. However, six sprays applied 
during the period from mid-July to early September reduced 
leaf spot severity by about 60 percent. Results obtained in 1964 
(Table 6) were similar to these, with the best series of three 
sprays being 3, 4, and 5 for Duter and 5, 6, and 7 for maneb. 
As expected, Duter series with four and five spray applications 
resulted in a better disease control than the Duter series with 
three sprays. 

The best leaf spot control was achieved by a spray program 
covering the entire grovving season. However, adequate control 
was obtained with three to five sprays from mid-July to late 
August. A more efficient timing of fungicidal applications could 
be made if inoculum build-up and dispersal could be forecast. 

Summary 
In three years of fungicide evaluation in South Dakota, Duter 

at 1.5 lbs per acre gave the most effective leaf spot control, 
while maneb compounds (Dithane M-22 and Manzate-D), 
Daconil, and Tribasic Copper Sulfate also gave adequate control. 

The best timing for spray application for adequate control 
was mid-July to late August with three to five applications. 

Control of sugar beet leaf spot generally increased beet and 
sugar yields, even though increases were not always significant. 

Several cases of increased beet and sugar yields were observed 
with no apparent control of leaf spot. vVhile the cause may have 
been either the effect of the fungicide on the metabolism of 
the sugar beet or a sampling error, neither could be determined 
in this study. 
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