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Leaf spot disease caused by CercosjJora. beticola Sacc. can 
seriously reduce the weight of roots and the percent sucrose in 
sugar beets. Although genetic resistance to the disease has been 
increased in commercial sugar beet varieties, it is still necessary 
to use fungicidal spray to protect the crop when weather con
ditions favor abundant disease development. Economi.cally im
portant increases in root weight and percent sucrose have been 
noted with fungicide treatments (1, 2, 3, 4)3; nevertheless, cur
rently approved fungicid es do not provide complete disease con
trol , therefore, there is a need to search for more effective 
chemical compounds. This report, will present the results from 
3 years of trials in which commercially available and experimental 
fungicides were compared tor their ability to control leaf spot 
of sugar beets. 

Materials and Methods 
From 1963 to 196;), three fungicide screening tests were car

ried out in a field heavily infested with C. betico la located next 
to the Amcrican Crystal Sugar Company processing plant at 
Mason City, Iowa. An additional test was conducted in 1965 
in a nearby field under disease-free conditions . In each test, a 
treatment was applied to six replicated plots arranged in a ran
domized complete block design . A plot consisted of four 25-foot 
rows with 22 in between rows. The two center rows were har
vested for yield and for chemical analyses. 

T able l.-Year of the fungicide tests; dates of planting, inoculating, [hSl spray and 
han )est. 

Dates of 

Year Planting Inoculating First spray Harvest 

1963 May 6 Jul y 5 Jul y 10 October 18 
1964 May 9 June 30 July 6 October 16 
1965 May 4 Jul y 7 Jul y 16 October 18 
1965 May 18 None (disease free ) Jul y 23 October 19 

1 Paper No. 5871, Scientific Journal Series, Minnesota Agr icultura l Experiment Station . 
S!. Paul , Mi nnes'i ta. 

2 Director of Agricultural Rcsearch . Resea rch Agriculturist . American Crvsta) Sugar 
Company, Rocky Ford . Colorado, and Mason Ci ty, Iowa; and Plant Pa thol ogist. U. S. 
Department of Agriculture. Agricultural Research Service. Uni versity of ~trinne$ota. St. 
Paul, Minnesota, respectively . 

• Numbers in parentheses refer to literature cited. 
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A sugar beet variety susceptible to leaf spot, American No. 
3N, was used in all tests. A tractor applied the fungicides by 
means of a spray boom extended on one side to cover four rows. 
The spray boom was operated with 200 lb pressure/sq in and 
the nozzles (tip size 2-C) were spaced 11 in apart. The plots 
were in pairs (eight rows wide) with four rows between pairs 
for a tractor driveway, to eliminate the possibility of the tractor 
compacting the soil or damaging the plants in the experimental 
plots. The plants in the trac tor drive were not sprayed, and 
these provided additional inoculum for the experiment. One or 
2 weeks before the fungicidal sprays were first applied, the 
entire field of sugar beets was sprayed 'with' a suspension of 
fungus spores obtained from leaves on which the pathogen was 
sporulating profusely. For several days after inoculation, the 
field was watered each morning by overhead irrig-ation to provide 
high humidity which ravors infection . Each fungicide was applied 
four times at 40 gal l A at approximately 2-week intervals. 

During 196::;, an experiment was conducted in a disease-free 
field to determine whether the fungicides would affect the yield 
of sugar beets when leaf spot is not present. The plants were 
not inoculated and the field 'was not irrigated. At midseason, 
the soil became very dry and somewhat reduced yield. 

Trade names and chemical names of the fung'icides as well 
as the companies which distribute them, are given in Table 2. 
The rate of fungicide refers to the formulated material and not 
to the active ingredients. 

Table 2.-Trade name, chemical and source o( the [ung-icide used. 

Trade name Chemical Source 

Brestan 

DU·T ER 

Daconil 2787 

Polyram 

NIA 9130 

C·O·C·S 

Tri·Basic Copper 

Copper K 

Diti1ane M·22 

Dithane M·45 

Manzate 

~[ a nzatc D 

Triphmyl Tin Acetate 

Triphenyl Tin H ydroxide 

Tetrachloroisoph th a Ion it rile 

A zinc acti vated polyethylene 
triuramclisulfide 

Coded Material 

Copper oxychloride sulfate 

Tribasic copper sulfa te 

A n ewly developed fixed copper 

l\Ianga nese ethyJene bis 
clithiocarbamate (maneb) 

Coordination produced of a 
zin c ion and 111aneb 

Maneh 

Manel) + a zinc compound 

Hostachem Corp. 

Th om pson·Hayward Chemical Co. 

Di amond Alkali Chemical Co. 

N iagara Chemi cal Co. 

Niagara Chemical Co. 

N iagara Chemical Co. 

Tennessee Copper Corp. 

Kenn ecott Copper Corp. 

Rohm & Haas Co. 

Rohm & Haas Co. 

DuPont 

DuPont 
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Results and Discussion 

Table 3 summarizes results from the 1963 test. Brestan, 
when applied four times, gave the best protection as shown by 
th e low incidence of leaf spot, and by the increase in sugar/ acre 
which was significantly higher th an that of the check. Four 
applications of Brestan at either the 0.25 Ib or I lb rate gave 

Table 3.-Yields, stand and Cercospora leaf spot incidence resulting fr~m (our appli 
cations of foliar fungicides tested in 1963' . 

Fungicide Sugar Roots l") eroent No. Leaf spot 
Fungicide Ibs/A Ibs/ A tons/A sucrose roots/50 ft rating:? 

Brestan 60 .25 3933 " 16.50" 11.94 61.S 1.5 
Brestan 60 .50 3852 " 15.36" 12.58 ' 63.8 1.3 
Brestan 60 1.00 4320" 16.60" 12.82 ' 68.2 1.1 
Brestan 60 .50" 2394 11 .27 10.58 59.5 4.3 
Polyra m 1.00 2573 ] 1.62 11.15 57.3 3.8 
1>olyra m 2.00 2780 12. 17 11 .37 5G.7 3. 1 
N IA 9130 2.00 2130 10.4 1 10. 35 56.S 3.S 
Dithane M-45 2.00 2585 11.99 11.42 64.7 3.0 
Maneb 2.00 249 1 12.% 10.12 62.0 2.6 
Check 22S 1 10.95 10.65 59.2 5.0 
LSD (0.05) 828 2.92 1.55 NS 
LSD (0.0 1) 1111 3.93 NS NS 
C. v. % 24.08% 19.36% 11.68% 11 .25% 

1 Each figure of yie ld and disease rating is th e average of. six re pli cated plots. 
• 1 == No leaf spot. 5 == Almost a ll leaves kill ed by lea f spot. 

3 Two sprays onl y. 

" Sign ifica n t at th e 5% level between treatment and check. 


"" Significant at the 1 % level between treatment and check. 

T ahIe 4.-Yicld , stand 411ld C"T('o sno ra kaf spot inci dence resulting from (onr appli· 
cations of foliar fungicides tt.'sted in 19641 • 

Fungicide Sugar Roots P ercent No. Leaf spo t 
Fungicide Ibs/ A Ibs/A tons/ A sucrose roots /5 0 [t rating' 

DU -T ER 20 .50 50 19 " 17 .71 " 14.17" 70 .5 1.5 
DU-TER 20 .75 4905 " 18. IS" 13.49" 74.7' • I.7 

Brestan 60 .75 4836" 17.21 " 14.05" 74.3 " 1.3 
Brestan 60 .50 3988" 14.64" 13.62 ' • 70.8 2.8 
Daconil 2787 3.00 38 16" 14.70" 12.98 ' 71.8 3.3 
Di thane M-45 2.00 3323" 12.93 ' 12.85 ' 71.3 5.3 
Dithane M-22 2.00 3296" 12.58 ' 13.10' 63.3 6.0 
Tri-Basic Copper 5.00 3243 " 13. 11 " 12.37 64.2 5.3 
Manzate D 2.00 3205 ' 12.70 ' 12.62 67.0 5.6 
Polyram 2.00 3J87' J2.87 ' 12.38 66.5 5.5 
C·O-C-S 5.00 3150' 12.63' 12.+7 68.3 6.3 
Check 2455 10.49 11.70 64.7 9.6 
LSD (0.05) 586 1.90 1.12 7.6 
LSD (0.01 ) 780 2.54 \.48 NS 
C. v. % 13.79% 11.63% 7.43% 9.49% 

1 Each figure of yield and disease rating is the average of six repli cated plots. 
2 I == No leaf Spo t 10 == Almost all leaves killed by leaf spot. 

* Significant at the 5% level between treatment and check . 
• " Significant at the I % level between treatment and check. 
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nearly equal control of disease. However, two applications of 
Brestan resulted in poor disease control and poor yields as com
pared to those obtained with four applications. 

Table 4 summarizes thE' 19G4 test, in which the hest results 
carne from Brestan at 0.75 lh/.,\ and from arother organa-tin 
fungicide, Dll-TER, ;It either 0.,) or 0.75 Ih/ A. The next hest 
results were obtained from Brestan at 0.5 Ib/A and Daconil 2787 
at 7l Ib/ A . The experimental fungicides .illSt described were sig
nificantly more effective than mane!>, copper, and Polyram that 
are currently approved for commercial use on sugar heets. All 
fungicides increased yields significantly ab</ve those obtained 
from the unsprayed check plots. The number of plants per 50 
feet 01' row was significantly hig'her in two organo-tin treatments 
du e to some control or an other disease , Rhizoc:tonia root rot. 
Similar results of roo t rot control have been reported in anotlH'r 
study (4). 

Table 5 summarizes results [or the 19fi5 experiment in the 
field where the plants \\'ere inoculated with C. heticola . .'\g-ain , 
the disease control and yields obtained hy the organa-tin treat
ments were markedly abO\e those obtailled by the oth er fungi
cides. In contrast to the previous year, Daconil 27R7 was not 
superior to the copper, maneb, or Polyram fung-icides. Tri-basic 
copper was less eHective when applied in th e presence of oil , 
which is different from the results obtained by other workers 
(7l,4). The reason [or the divergent results is not known. Cursory 
observations suggested that the org;mo-tin treatments had an 
insecticidal eltect hecause an armyworm infestation of the field 
caused less damage to the leaves treated with thf' organo-tin 
fungicides than to the leaves in tile other trf'atments or checks. 

Table 6 summarizes results fOT th e 1965 experinwnt con
ducted in the disease-free field. The fungicide treatments applied 
in this field and some of those applied ill the field. witb disease 
were identical. In the absence of disease, none of the fungicicles 
had any significant efFect on plant vigor or yield. These results 
suggest that the benefits derived from the fungicidal chemicals 
are due entirely to their ability to control diseases and pests. 

The results from all d the experiments illdicate thal fungi
cidal applications are economically beneficial to the grower when 
abundant leaf spot disease is present. The most effective com
pounds tested were the organo-tin fungicid es vvhich at times 
increased sugar yield 50 to 100% above that obtained hy the 
use of other fung icides. II' the orgallo-tin compounds should be 
approved fur commercial usc , sizable yield increases can be ex
jJected with these fungicicles in those districts Sl1 bject to epidemics 
of leaf spot. 
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Table 5.-Yield, stand and Cercospora leaf spot incidence resulting from four applications of foliar fungicides tested in 1965' . 

Fungicide Sugar Roots Percent No. Leaf spot 
Fungicide Ibsl A Ibs/A tons/ A sucrose Toots/ 50 ft rating2 

DU·TER 50 1.50 4192"" 15.70" 13.35 "" 56.S 1.16 
DU ·TER 50 .50 453S" 16.42" 13.82" 52.0 1.49 

Brestan 60 .50 4354"" 15.14" 14.3S" 52.3 1.58 

Brestan M·40 .50 1706"" 16.82" 13.99" 56.5 1.25 

Tri · Basic Copper 4.00 3601 14.98 - 12.02 58 .5 3.42 

Tri ·Basic Copper 4.00 + Oil 4"" pints 2775 12.15 11.42 55.3 3.42 

Copper K 2.00 + Oil 4"" pints 3099 12.66 12.24 52.0 2.49 

Daconil 2787 2.00 3583 14.14 12.67" 54.5 2.08 

Polyram 2.00 3374 13.52 12.'lS 53.3 3.16 

Mancb 2.00 33 14 

Check 2565 

LSD (0.05) 11 34 

LSD (0.0 1) 1510 

C. V. % 18.07% 

1 Each figure of yield and disease rating is the average of six replicated plots. 

" 1 = No leaf spot. 5 = Almost all leaves killed by leaf spot. 

* Signifi cant a t the 5% level between treatment and check. 

'II" Si gni ficant at the I% level between treatment and check. 
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Table 6.-Yield and stand froln four applications of foliar fungicides tested in 1965 
in a disease-free field _

' 

Fungicide Sugar Roots Percent No. 
Fungicide Ibs/ A Ibs/A tons/A sucrose roots/ 50 (t 

DU-T ER 50 1.50 4105 11.99 17.12 57.7 

,. Brestan 60 
Tri -Basic Copper 

.50 
4.00 

3792 
3803 

11.26 
11 .49 

16.84 
16.55 

58.2 
60.5 

Daconil 2787 2.00 3959 11.63 17.02 65.8 
Maneb 2.00 3748 11.03 16.99 56.5 
Check 4 158 12.1 3 17.14 61.0 
LSD (0.05) NS NS NS NS 
LSD (0.01 ) NS NS NS NS 
C. v. % 10.51 % 9.43% 3.77 % 10.47 % 

1 Each figure of yield and disease rating is th e averag'c of six repl iea te plots." 

Summary 
The results from 3 years of testing foliar fungicides on sugar 

beets are reported, and the following conclusions are drawn: 
I. When Cercospora leaf spot is present on sugar beets in 

epidemic severity, significant increases in yield of roots and 
sucrose percentage may be obtained from fungicide applications. 

2. The experimental organo-tin fungicides were the most 
effective; Daconil 2787 was somewhat less effective; copper, 
maneb, and Polyram fungicides were least effective but sti ll 
provided appreciable disease control. 

3. None of the fungicides tested had any beneficial effects 
on the sugar beets when leaf spot disease was absent. 

4. The organa-tin fungicides also appeared to reduce damage 
caused by Rhizoctonia root rot and by armyworm infestation. 
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