Seed Treatment Dosage Rate Studies on the
Control of Damping-off of Sugar Beets®

JOHN O. GASKILL and W. A. KREUTZER?

The work reported herein covers 3 years of experimental field
work on the control of damping-off of sugar beet seedlings. These
studies were conducted in 1943, 1944, and 1945 both at Fort Collins
and Ault, Colo. Fungicides included in part or al of the tests
conducted were Arasan (50-percent tetramethylthiuramdisulfide).
Spergon (98-percent tetrachloroparabenzoquinone). New Improved
Ceresan (5-percent ethyl mercury phosphate), Yellow Cuprocide (93-
percent yellow cuprous oxide), 2-percent. Ceresan (2-percent ethyl
mercury chloride), and DuPont 1452-F (7.7-percent ethyl mercury
p-tolnene sulfonamide).

In 1943 the tests were conducted using only segmented seed,
whereas both segmented and whole seed were used in the 1944 and
1945 trials. Randomized-block design was used in al field tests, with
1-row, 18-foot plots, each planted with 2 grams of seed (approxi-
mately 6.5 pounds per acre) exclusive of treating compounds. Seed
was planted in late spring, and seedling counts were made approxi-
mately 3 to 4 weeks after planting. Laboratory determination of
the casual agent or agents of damping-off was made for each year's
study in each field used.

Experimental Results—1943

In 1943 two field experiments were conducted. Dust fungicides
tested were Arasan, Spergon, Yellow Cuprocide, and New Improved
Ceresan. The results of this study arc given in table 1.

The seedling stand obtained for each fungicidal treatment in each
field exceeded that of the check by a highly significant® figure, In
the Ault field. Yellow Cuprocide and the 5-ounee and 8-ounce appli-
cations of New improved Ceresan were significantly better than the
non-metallic treatments, Arasan and Spergon. However, at Fort
Collins. Arasan was significantly better than Yellow Cuprocide and
the 8-ounce dosage of New Improved Ceresan. Comparison of the
stands obtained for the three dosages of New Improved Ceresan shoves
that the 3-ounce rate was definitely inferior to the 5-ounce and 8-ounce
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Table 1.—Comparison of seedling stands obtained from treated and untreated seg-
mented sugar beet seed, Ault and Fort Collins, Colo.,, in 1943. Results are
presented as six-plot averages for each location.

Fungicide Ave. no. of living seedlings per plot
Dosage Fort
per 100 Ault Collins
Kind pounds (potato (afafa Average
of seed land) land)
ounces no. no. no,
Arasan 12 50.7 99.8 69.6
Spergon 32 535 85.7 69.6
New Improved Ceresan 3 50.7 87.0 688
5 683 1053 86.8
1033 840 937
Yellow Cuprocide 12 98.8 845 91.7
Check (no treatment) 333 56.2 448
Difference required for significance:
Odds 19:1 129 126
Odds 99:1 17.1 167

rates in the Ault field. Of the latter two, the 8-ounce dosage was
decidedly better at Ault and 5-ounce dosage was much better at Fort
Collins, the differences in each case being highly significant.

Isolations from seedlings showing both post- and pre-emergence
damping-off, made at 3-day intervals during the period when the
disease was most prevalent, indicated that a species of Pythium was
primarily responsible for damping-off. This organism later was
found to be referable to Pythium ultimum.

Experimental Results—1944

In 1944 the study was expanded to include three dosage rates
for each of four fungicides. Further, in contrast to the 1943 trials,
both whole and segmented seed were used. Field tests again were con-
ducted both in the vicinities of Ault and Fort Collins, Colo. The re-
sults of these experiments are shown in table 2.

Since the interactions between fungicidal treatments and kinds
of seed were not significant, reference will be made only to the aver-
age stand obtained for each treatment in the respective fields. At
Ault only two treatments were significantly superior to the check in
seedling stand: namely, the 8-ounce application of New Improved
Ceresan and the 16-ounce dosage of Arasan.
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Table 2.—Summary of seedling; stands obtained in two sugar beet seed treatment
experiments, Ault and Fort Collins, Colo., 1944; basic results given as four-
plot averages.

Fungicide Average number of living seedlings per plot
Ault (potato land) Fort Collins (corn land)
Dosage—— Average
per 100 Seg- Seg- Ault and
Kind pounds Whole mented Aver- Whole mented Aver- Fort
of seed seed seed age seed seed age Collins
NTNCes na, o T oo, o, a0, no.
Aranan 8 SR 578 o8 1iz8 I8 118.6 .5}
12 408 AHA n3.n 185 194.5 13335 B2
1% Ta.0 57.5 [ R 12015 4T.E 1886 W3
New Improved @ [ a2a 18305 1435 122.5 7.0
Ceresan ai 5.5 04 143.8 143.85 1438 wez
8 [ Xil GE4 1485 145.8 jEEE.4 107.1
Da T*onk 3 4.0 L X SR 151.0 1413 148.1 1022
K G.3 O6.8 533 w0 130 473 1431 4l
& ™ma A e 1415 137.3 1508 1,5
Yeliow & M.H L= 2% 1108 127.0 1180 .6
Cuprncide 12 0 4 514 1135 184.5 1240 BTH
16 480 888 BR.4 1X.8 1230 1279 w8
Check {Du
trogtment} 405 AR5 ame 101.5 BO.E 1.1 T
Difference required for significance:
Odds 19:1 18.9 189 13.4* 23.0 23.0 16.3*
Odds 99:1 25.1 25.1 17.7* 30.5 30.5 21.6*

Interactions between fungicidal treatments and kinds of seed were not significant.

At Fort Collins the stand obtained for each dosage of each of the
four fungicides exceeded that of the control by a highly significant
figure, in comparing the different dosage rates for each separate
fungicide, in only one case was a significant difference shown. The
16-ounce dosage of Arasan was significantly superior to the 8-ounce
dosage.

Ignoring detailed comparisons for both the Ault and Fort Col-
lins tests, aside from the lightest dosage of Arasan which appeared to
be inadequate, in general there were relatively small differences be-
tween the stands obtained from seed treated with Arasan, New Im-
proved Ceresan, and Du Pont 1452-F. The stands obtained for Yel-
low Cuprocide, especially in the Fort Collins test, tended to be lower
than those obtained for the other three fungicides.

Isolations again were made in 1944 from affected seedlings, and
for the second year Pythium ultimum appeared to be the principal
damping-off agent. Cultures of Fusarium spp. commonly were ob-
tained, especially in isolations from Fort Collins material.
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Experimental Results—1945

In 1945 a more detailed dosage-rate study was conducted at Fort
Collins and Anlt, and for the second year both whole and segmented
seed were included in the trials. Five fungicides were used in the
tests, each at four different rates of dosage. The results of these
tests are given in table 3.

Palle F—-Numtnary of aeedling diamls obtained In two sugar bect seed teesttoent ox

nerlmenta, Anli and BFord Co #, Onle., TR45; basle resulls given ng five
plut averagen.

Funghecie Averagre number of Urlog geedlingz per pld
T Ault (onion land) ~ Wart Collina (beet land} B
THRAZF - Avernge
er 100 Beg- e Ault el
King pouniiz Whole mentesd Aver- Whole metLbed ATLE. Irnet
of soctd zeod Bt age . soaed Adril age Calllng
- - GUNMER I, . on. nn. i T ’ ullﬂ._
Arnszn & 2 1 HE]) e L L) @1
16 7340 G (L hrRil YR
el [C.R ] H.5 WS AR 418
Az 5.5 1.8 TN 3 4.2
Hpergon® ) amE | 4aE Y] nz 340
. 434 ¥ 4.1 ETE 1z
128 46.5 ATH @y 24 410
178 TR BT+ N 400 HB
New Lmproved 5 G608 00 E0R T R T
Ceresan 8 62.4 4.8 G056 4.0 4R 525
[ 70.6 S04 &30 1.4 EIR] M
14 T0.4 a2 (] ETR RERY £
Soperermt 127 TIA e 723 a7a Frry " na
Ceresuu*?  M.3  OT4 72.0 T 41.0 0.2 ohT
e TR A0 0.4 LR 460 ra.t
aBHE T TikG 711 FEY @4 870
Yallow 8 0.2 1TR 404t 440 a4 TR
Cuproride 16 (1) w2 G a1 4440 LT3
. 24 640 A6 [F:) ELE] a2 E
ar e LX) R #3.0 ELE LN
LCheek {na
treatment] 34 FLER] AR ] 334 LS 0.1
Nifterence veguired tor signifleunce:
Odas 10:1 1z% e T 132 LET
Dade ¥5:11 1A= 16 t 1747 123

*Weighings showed that approximate y two-thirds of the extremely heavy 176-
ounce application of Spergon adhered to the seed at treating time. The per-
centage of this dust adhering to the seed was progressively higher with
lighter applications.

**The dosage rates used for 2 percent Ceresan were equivalent in mercury con-
tent to those used for New Improved Ceresan.

(sInteraction between fungicidal treatments and kinds of seed was significant.

Alnteraction between fungicidal treatments and kinds of seed was not significant.
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With reference to the Ault data shown in table 3, the whole and
segmented seed averages were considered separately because in this
particular field Irial the interaction between fungicidal treatments
and type of seed used was significant. The results from both whole
and segmented seed show that all fungicidal treatments were much
superior to their respective controls (1-percent level of significance)
with the exception of the 32-ounce and 176-ounce rates of Spergon on
whole seed. In comparing dosage rates for the respective fungicides,
some significant differences were shown by the Arasan, Spergon, and
Yellow Cuprocide series. With segmented seed, the 32-ounce rate of
Arasan gave much better results than the 8-ounce rate—a highly sig-
nificant difference. A similar trend, although non-significant, is
shown for whole seed. With both whole and segmented seed, the 128-
ounce rate of Spergon was significantly better than the 32-ounce rate.
With whole seed, the 16-, 24-, and 32-ounce rates of Yellow Cuprocide
were significantly better than the 8-ounce rate. The difference was
particularly striking and highly significant in the case of the 32-
ounce rate. A similar trend, although non-significant was
shown by the segmented seed. With both whole and segmented seed,
the differences resulting from the use of varying dosage rates of New
Improved Ceresan and 2-percenl Ceresan, respectively, were not sig-
nificant.

In the Fort. Collins field plots, |he interaction between fungi-
cidal treatments and kinds of seed was not significant, and conse-
quently reference will be made only to the treatment averages. Highly
significant improvement in stand over that of the control was shown
by each oi the following: the 8-. 16-, and 32-ounce fates of Arasan, the
8-ounce rate of New Improved Ceresan, the 27.9-ounee rate of 2-per-
cent Ceresan, and the 8-and 16-ounce rates of Yellow Cuprocide. The
stand differences shown between rates of dosage for any one material
were non-significant with the exception of Yellow Cuprocide. In
this latter case the 16-ounce rate gave a significantly better stand
than the 24-ounce rate, which result conflicts with the trend shown
for the Ault field plots.

Laboratory isolations from affected seedlings again indicated
that Pythium ultimum was the principal agent of damping-off in both
the Fort Collins and Ault fields. At Fort Collins a species of
Phytophthora also was commonly obtained in early platings. Phy-
tophthora only rarely appeared in the Ault isolations. As in the 1944
tests, Fusariuim spp. frequently were obtained from both the Ault
and Fort Collins material.

Table 4 is a summary of al stand data obtained in the 3 years'

experiments: 1943, 1944, and 1945. Although various significant
interactions prevent comparisons on the basis of statistical odds within



Table 4.—Summary of seedling stands obtained in sugar beet seed treatment experiments, Ault and Fort Collins, Colo., 1943-1945.

Fungitide Average no. of Hylng seedlingn per plot -
2-yeay AVATRES
Dosoga 1943 1044 18
per 10D 1848 1.5 104
Kipd * prunde Tort Fort Fort and and and 3-yenr
ofsged  Aplt Celline Auit Colline Anlt Colliny 144 MG 143 aAverage
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Table 4—Continued.

Yellow Cuprocide 8 62.3 1189 49.0 46.7 69.2
12 988 84.5 516 1240 89.7
16 53.4 127.9 624 49.7 734
24 618 39.5
32 685 40.7 -
Check (no treatment) B3 562 40 911 219 308 574 356 482 471
Difference required for significance:
Odds 19:1 129 126 134 163 ** 93
Odds 99:1 171 167 177 216 ** 123

*Results obtained for whole and segmented seed were combined for the years 1944 and 1945, respectively; 1943 results were obtained from seg-
mented seed only.

**|nteraction between fungicidal treatments and kinds of seed was lignificant in the Ault experiment in 1945 but was not significant in any
other test.
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certain columns of this table, it is presented as an aid in studying the
results.

Summary and Conclusions

Two replicated sugar beet seed treatment experiments were con-
ducted in the vicinities of Ault and Fort Collins, Colo., in each of the
years 1948, 1944, and 1945. A total of six dust fungicides were em-
ployed, though not all were used in any 1 year. Varying dosages were
applied in most cases. Only segmented seed was used in 1943, while
both whole and segmented types of seed were used in 1944 and 1945.
Pythium ultimum, was considered the chief cause of damping-off in
each of the six experiments. A species of Phytophthora apparently
played a relatively minor role in one test, and species of Fusarium
were isolated rather commonly in several tests.

Each of the following fungicides was quite effective in improving
seedling survival in fields where damping-off was an important fac-
tor: Arasan, Xew Improved Ceresan, 2-percent Ceresan, Du Pont
1452-F, and Yellow Cuprocide. With adequate dosages there was
relatively little difference in the effectiveness of these five dusts.
Spergon, although used over a wide range of dosages, failed to give
seedling stands equal to those obtained from adequate applications of
any of the other dusts.

The evidence obtained from the six experiments suggests the fol-
lowing tentative conclusions as to minimum dosages required for sat-
isfactory control of damping-off under the conditions of these experi-
ments:

Fungicide Ounces per 100 pounds of seed
Arasan 16

New Improved Ceresan 6

2-percent Ceresan 127

Du Pont 1452-F 5

Yellow Cuprocidc 16

“The 2-year and 3-year averages presented in table 4 show appreciably higher
stands for 8 ounces than for 5 ounces. However, the striking eontradition in Fort
Collins data for 1943 emphasizes the need for caution with respect to the 8-ounce rate.

In the commercial treating, a somewhat higher percentage
of dust possibly would adhere to the seed than occurred in the treat-
ing of small lots used in these experiments. Therefore in commercial
praetiee, slightly lower minimum standards might be preferable to
those listed above.



