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Seedling discases of sugar beets have assumed greater impor-
tance during recent years, especially in certain arcas of the Sac-
ramento and San Joaquin Valleys in Calilornia. This increase
may be due in part to adverse weather conditions but also in
part to changes in the sequence of crops and an increase in late
plantings. '

If a lower labor requirement is to be achieved during stand
reduction a uniform, low density population of healthy seedlings
is required, whether singling is accomplished by machine or by
simplified hand labor operations. The achievement of uniform,
low density seedling populations has been retarded in northern
California by the fact that during 1956 and particularly during
1958 secedling diseases of sugar beets were extremely severe as
indicated by the acreage abandoned or replanted (Table 1). To
reduce the loss of crop and the costs incidental to replanting,
arowers in general have tended to increase seeding rates. In
favorable years such as 1959 and in fields little affected by seed-
ling disease high seeding rates have resulted in stands of high
density leading to increased difficulty of machine thinning or
increased hand thinning costs.

Table 1.—Replanted and Abandoned Acreage of Sugar Beets in Northern California
hecause of Sceedling Diseases, 1956-1958."

1956 1957 1958
& Acres .

Area surveyed 95,039 108,319 LL1.971
Abandoned hecause of seedling disease 3019 1.677 7.837
Replanted because of seedling  disease 4,540 4,507 11,112

! Compiled from data supplied by the agricultural stafts of Holly Sugar Corporation and
Spreckels Sugar Company.

Because present seed treatment practices have not provided
the protection required under conditions of severe infection,
we have conducted extensive investigations under ereenhouse
house conditions to identify more efficient fungicides or more
effective methods of seedling disease control.

! Plant Pathologist and Extension Agronomist, University of California, Davis, respec-
tively.
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The problem is complicated by the fact that at least four dif-
terent sotl fungl cause seediing discases of sugar beets i Cali-
forn, These organisms, P)é/uum ulitowm Frow, P zzpfs{{s?a{f(w—
matur {(Edson) ﬂtzp Rhizoctonia solani Kuhn, and A phlano-
nryees cochlivides Drechs., differ in rh(*ir abundance according
to soil type, climatic conditions, season of planting. and previous
cropping practices, Furthermore, these organisms usually occur
in combinations rather than as simple infections by a single
fungus.

As new fangicides have become avatlable we have tested
them 1w the laboratory and greenhouse against each of the seed-
ling pathogens. From these trials we have identihied o few fun-
gicides that show high effecriveness against certain fungi but are,
in some cases, so specific that they are not etfective agatust others.
With mixed fungus infections certain combination (reatments
appear especially promising.

Greenhouse trials from F955 1o 1957 showed that an experi-
mental fungicide, Bayer 15080 {quinonce oxime benyvoyl hydra-
roney? used as a seed treatment gave good protection of seedlings
against Pythoon wliionem buc little oy no protection against
}\fsz octonia solani. Pentachlorenivvobenzene (PONBY, on the
sther hund, protecied seedlings against Rhbizoctonie but not
against Pythiunn Neither Tungicide, when wsed as a seed treat
ment, has proved cifective against Aphanonyees cochlioides.

During the spring and saummer of 1957 these two Tungicides
were evaluated alone and in combination in five field plantngs
in comparison with nontreated seed and with sced wreated with
Phygon {(h(!x|<nmmphihnqumon(* or dichlone),  These trials
were Jocated in nordhern California. The vesults are shown in
Table 2.

In thiee of the live trials, Bayer 15080 resulted in sienificantly
more secedlings than seed treared with Phyeon, PONB oreared
seed did vot improve stands in oany of the trials and i several
cases the stands from combination treatments were veduced be-
low thaose from Phygon or Bayer 15080 used alone. These vesulis
indicated that Rhizoctonia was ol minor imporiance in these
ficlds and also suggested that PONB, ar the rate used (4 o ol
75%, PCNB per 100 1b. seedy, was slightdy phytotoxic,

In March, 1957, Dexon (P-dimet hwiammoh(n/(w;.(hl/u sodi-

um sulfonate, Bayer 92355 was offered | »y the manulacturer for
testing as a soil fungicide. Greenhouse trials disclosed that this

2 Frohberger, PooFL 56, Untessachuneen uber die Wirkany vou Chinonoximbenzoyihy -
drazon gcgun I\um]mnw\mnkh{a[gn vershicdener Kudturpflanzen,  Phyvtopatholosische Zeit-
sehrift 27:427 455, {English nam, Befchen - Bricte 1X:833.279.
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Fuble 2"The Effcet of Sced Treatment on Stands of Sugar Beets. ¥Values arc Scedlings
pey Ten Feet of Row. Resulis of 1957 Tield Trials.

Sced Treatmene Trial Number Avg,
Dosage PR - of 5

Material €3e/100 Lb. i 2 3 4 5 Trials

Treatment means

WO 8i 70 2% 47 G0 aB
PONB 4 78 83 18 37 59 5
Phyeon X1, i 181 106 27 55 Bz Rit]
Phyegou N1 4 . N .
PONE 4 115 Ui 29 5% 78 71
Bayer 15080 2 113 120 36 82 &6 91
Bayer [H080 2 -
. q: 3 8 7 52
L PONB ) 173 102 1 63 7Y
Stg, Dy
[GLRD] 3 i 9 11 10
Interacrion N .. # (RN
CPONB - 759 pentachloronitrobenzene ((Fervaclor); Phygon - 307, dichlovonapthogiinome

quinone oxime benzoyl bydrrone (Cerenox in Fwopel,

(dichloney; Baver 15080 - 500,

¢ A Indicates signiticant cffects ar the 340 and 14 tevels, respectively.

material used as a sced treatiment was extremely effective against
Fythiowm wliimoon, modevately effective againse P. aphaniderma-
tum and A phanomyces cochliordes, but ineffective against Rhiz-
octonia solani.  However, as a sced treatment Dexon proved to
be more effecrive against A. coclilioides than any other fungicide
tested  although  satisfactory  protection  was not  obtained  in
severely infested heavy soils. Combination treatments of Dexon
and PCNDB were especially eflective in soils containing both R,
solang and P.oudtimuin.

In 1958, with the cooperation of beet sugar companices, farm
advisors and growers, 10 field trials were completed in which
standard  commercial  fungicides  were  compared  with  three
candidate fungicides used alone and in combination. Twelve
ol these wrials were focated in northern California (triads 1 through
120 Tables 3 and 4y, Seven were located in other siates by the
American Crystal Sugar Company as follows: two in Colorado
{trials 13 and 14, Table 4), one o towa {urial 15, Table 4) and
four in Minnesota (trials 16 through 19, Table 4}, Individual
plots weve small consisting of two or four rows 50 feet long plant-
cd with a commercial seeder or, in trials 11 through 19, of 120
sceds dropped in 10 feet of vow by a special plot planter,



Tuble 3.—The Cilect of Seed Treatments on Stands of Sugar Beet Seedlings, 1958 Trials, With Phygon the Standard Fungicide.

Values are Scedlings per Ten Feet of Row.

Seed Treatment!

= e e . Trial Number Avg.of  Avg. of
Oz. per - —- — = All Ten Four
Materials 100 Lb. 1 2 ‘8 4 5 6 7 8 9 10 Trials  Trials®
Treatment Means?
None S 71 L 46 20 45 81 38 47 26 55 49 50
PCNB 2 102 G0 55 27 61 (i) 37 a4 47 a7 b 54
Phygon 6 101 80 14 42 89 85 52 64 41 85 68 71
Phygon + PONDB 6+ 2 4 75 17 41 85 82 31 54 52 65 70
B-15080 2 103 79 50 64 83 a6 42 o4 43 82 70 80
B-15080 4 PCNDB 242 117 67 46 66 92 86 ] 66 49 101 73 7
Dexon 2 91 78 61 68 92 a5 50 G5 34 81 72 83
Dexon + PCNB 2 4+ 2 128 83 51 65 89 101 43 63 58 87 7 85
LSD (5% n.s. 18 n.s. 12 16 11 n.s. 8 n.s. 19 8
Average Effect of PCNB!
Without PCNB 92 73 50 18 78 a0 16 58 36 76 64 72
With PCNB 110 7l 51 50 82 a4 L] 59 48 83 68 72
LSD (5%) 16 n.s. n.s. n.s. n.s. .s. n.s. n.s. 8 .S, n.s. ns
Average Effect of Other Fungicides!
None 88 57 51 24 53 75 38 50 52 50 52 52
Phygon a8 77 45 41 87 81 12 50 46 H6 67 72
B-15080 110 73 48 65 87 91 12 0 46 92 71 79
Dexon 109 81 58 67 90 b 17 61 - 43 84 74 Bt
LSD (5%) n.s. 13 n.s. 9 11 8 n.s. 6 12 13 5
T PCNB—757 pentachloronitrobenzene: Phygon—3509;  dichloronaphthoquinone: Bayer 15080—509, quinone oxime benrzoyl hvdrazone: Dexon  (Baver

5)—=857% P-dimcthylaminobenzenediazo sodium sulfonate.

# Interaction of PCNB with non-treated seed and the other fungicides was not significant at the 59 level in any of the trials.
2 Data for rrials 2, 4. 5 and 6 were combined on the basis of having homozencous error variances.

t Averages of all plots having seeds treated with the fungicide indicated.
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Table 4.—The Effect of Seed Treauments on Stands of Sugar Beet Scedlings, 1958 Trials, with Captan as the Standard Fungicide.
Values are Seedlings per Ten Feet of Row.

Seed Treatment!
Trial Number

Oz, per — - Average ol
Materials 100 Lb. 11 12 13 14 15 16 17 18 19 All Trials®

Treatment Means:

None - 19 66 37 73 51 16 44 46 32 18
PCNB 2 19 G5 63 76 50 48 51 42 42 s
Captan 10 33 7l 116 a7 il 60 19 62 G0 u7
Captan + PCNB 10 4+ 2 41 76 119 1 63 61 53 6O 52 T
B- 15080 2 30 97 BE] 94 54 52 G5 4 57 70
B-15080 + PCNDB 2 42 11 76 120 92 (1] 55 it a6 61 69
Dexon 2 45 69 128 105 67 i il i3] 70 73
Dexon + PCNB 2 4 2 40 94 140 108 7l 57 60 62 66 77
LSD (5%) 11 17 12 12 11 11 10 12 15 4
Average Effect of PCNB!
Without PCNB 38 76 105 92 59 55 53 52 L4 64
With PCNB 56 78 110 97 63 55 55 bl 53 67
LSD (59%,) 1.5, n.s. n.s. n.s. n.s. n.s. 1n.s. n.s. ns. 2
Average Effect of Other Fungicides' |
None 19 66 60 74 50 47 48 44 37 49
Captan 58 74 117 104 62 60 51 61 61 69
B-15080 47 87 119 a3 62 535 59 50 39 69
Dexon : 43 81 134 107 9 60 58 39 i3 5
LSD (59%,) 8 12 9 8 8 8 T 8 9 3

I Captan is 507, N-richloromethvlmercapto-4-cyclohexene-1, 2-dicarboximide. See footnote ! Table 3 for chemical composition of other compounds,
2 The interaction of PCNB with non-treated sced and the other compounds was not significant at the 59, level in any of the trials,

AN wrials had similar error variances and were combined [or analysis.

" Averages of all plots having seeds treated with the fungicide indicated.
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Results, 1958 Trials

Comparisons with Phygon

The seedling counts from trials | through 10 in which Phy
gon was used as the standard seed treatment are presented in
Table 3. There are wide differences in error variances and con-
sequently all trials could not be combined in a single analysis.
However, four of the trials, numbers 2, 4, 5, and 6, have homo-
geneous error variances and were combined for analysis following
the method of Roessler and Leach® (last column, Table 3).

The results of the individual trials and the combined series
show that PCNDB used alone was not a satisfactory treatment. All
other treatments definitely improved stands over those resulting
from nontrcated seed in most of the trials.

The average effect of PCNB indicates a significant improve-
ment in only trials 1 and 9. The difference in trial 10 is nearly
significant at the 5 percent level. Judging from greenhouse
results we can assume that only in these trials was Rhizoctonia
solani important in reducing seedling stand.

Considering the average effect of the other fungicides it is
clear that treatment with Phygon significantly improved stands
over nontreated seeds in seven of the ten trials. As in the 1957
trials, Bayer 15080 was equal to or more effective than Phygon.
Dexon gave higher average stands than Phygon in eight of the
ten trials and higher than Bayer 15080 in seven of the trials,
although it did not differ significantly from Bayer 15080 in any
of the individual trials. On the basis of the average of all of
the trials, as well as with the homogeneous series, Dexon was
significantly better than Phygon and appeared to give better pro-
tection than Bayer 15080 although the difference was just sig-

nificant at the 5 percent level.

Comparisons with Caplan

The results of the trials in which Captan was used as a stand-
ard fungicide are given in Table 4. Because of remarkable
similarity of error variances it was possible to combine all nine
trials in a single analysis. In this analysis. when the average of
all plots in which seed was treated with PCNB is compared with
the average of those where PCNB was not used a small but sio-
nificant increase due to PCNB was observed. This effect could
not be measured at the 5 percent level in any of the individual
trials. This indicates that, while Rhizoctonia was not a major
factor in any of these trials, this fungus did cause the loss of some

3 Roessler, F. B.. and L. D. Leach. 1944. Analvsis of combined data for identical repli-
cated experiments. Proc. Amer. Soc, Hort, Sci. 44: 323-328,



Vor. X1, No. 1, Apriz 1960 81

scedlings and that this effect could only be measured at the 5
percent level of significance by many replications.

A comparison of the average effects ol the other Tungicides
for all the trials shows that all three materials improved emergence
over that from nonwreated sced. Captan and Baver 13080 re-
sulted In 41 percent more seedlings than was obtained from
nontreated seed, while Dexon gave a 52 percent increase. The
immprovement in stand resulting from sced rreated with Dexon
compared to the other two materials is significant at the T per-
cent level.

Field trials for 19549 were designed 1o compare Dexon and
Phygon when cach compound was used alone and in combina-
tion with PONB. Plots of cach mrial consisted of four-row strips
through a commercial field. Neontrcated seed was not included
because of the large size of the plots and the danger ol stand
deficiencies from nontreated seed. Seeds were planted with the
seeder used by the grower. A randomized complete block design
was used for each trial with six replications. Treatments were
evaluated by counts of healthy seedlings soon aflter emergence
and again just before thinning. Counts were made on ten feet
of all four rows of cach plot at two different locations in the feld.

Results, 1959 Trials

The seedling stands resulting from the treatments in nine
trials are given in Table 3.

Considering the individual rials, interactions significant at
the 5 percent level occurred at two locations {trials 4 and 9.
In both cases intcraction was due to stand increases associated
with the addition of PONB to Dexon in contrast to no increasce
when PONB was added to Phygon., The same tendency was
noted in scveral of the 1958 irials (Table 3) but the apparent
interaction was not significant at rhe 5 per cent level in any of
the trials of that year.

There were significant cffeets of PCNB in two trials where
interactions were not significant. In one {rrial 3y PCONB im-
proved stand: in the other it decrcased stand (trial 7). In the
latter trial there was a significant improvement due 1o Dexon;
this effect also occurred i trial number 8.

On the basis of homogencity of crror variances. it was possible
to combine the tials in two groups, one involving seven loca-
tions, the other. two. A summary ol these analyses is given in
the last two columns of Table 5.

The combined results from seven locations show a signihcant
Interaction of PONB with Phyeon and Dexon. PONDB combined



Table 5.—The Effecct of Sced Treatment on Stands of Sugar Beet Scedlings, 1959 Trials. Values Are Scedlings per Ten Feet of Row
Just Prior to Thinning.

Seed Treatment!

S Trial Number Avg.of  Avg.of
Oz. per - _ — —_ = Trials Trials

Materials 100 Lb. | 2 3 4 5 6 7 8 9 lwe7 8and 9

Treatment Means

Phygon 6 66 73 78 134 72 80 115 124 155 89 138
Phygon + PCNDB 6+ 2 63 72 86 130 65 78 104 116 158 86 135
Dexon 2 67 66 75 127 74 79 135 155 151 89 153
Dexon + PCNDB 242 67 63 83 138 79 83 124 145 172 92 157
LSD (5% n.s. n.s. n.s. 10 15 n.s. 15 18 21 4 14
Interaction n.s. n.s. n.s. ' ns. ns. n.s. n.s. : 4 n.s.
Average Effect of PCNB?
Without PCNB 67 69 75 131 YR 80 125 140 153 80 146
with PCNB 65 70 844 134 72 80 1140 131 165 39 146
Average Effect of Phygon and Dexon®
Phygon 64 72 81 132 G8 79 109 120 156 88 136
Dexon 67 67 79 152 76 81 12968 1508 161 91+ 155°

! Dexon is 709, P-dimethylaminobenzenediazo sodium sulfonate.  See footnote ! Table 3 for chemical composition of other fungicides.
“ Combined for analysis on the basis of similar error variances.

# Averages of all plots with seeds treated with the fungicides indicated.

t ® Indicates significant effects at the 39 and 17 levels, respectively.

28
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with Dexon tended to improve stand, but in combination with
Phygon no improvement and possibly a reduction in stand was
observed. When each was used alone, Dexon and Phygon pro-
duced equal results. Dexon in combination with PCNB resulted
in a stand which was significantly greater than that resulting
from the combination of Phygon and PCNB. In both combined
series there was a significant over-all effect of improved stands
with Dexon compared to Phygon.

Summary and Conclusions

During 1957-59 thirty-four feld trials were conducted to
evaluate pentachloronitrobenzene (PCNB), p-dimethylaminoben-
zenediazo sodium sulfonate (Dexen) and quinone oxime benzoyl
hydrazone (Bayer 15080) as seed treatments used alone or in
combinations. Fungicides in commercial use were included as
standards.

Previous to and concurrent with the field trials numerous
greenhouse trials were conducted to identify the effects of several
organic compounds used as seed treatments for controlling
seedling disease caused by specific pathogens. Results of the green-
house trials are briefly iscussed.

The results of the field trials indicated that:

1. PCNB used alone had little or no advantage over non-
treated seed.

2. PCNB added to Phygon did not increase and in certain
instances decreased stands.

3. Dexon at a relatively low dosage rate was superior to
Phygon and Captan at hicher dosage rates.

4. On the average Dexon was sunerior to Bayer 15080.

5. The combination of Dexon and PCNB in some fields
resulted in improved stands compared to stands from-seed treated
only with Dexon.
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