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Seedling diseases of sugar beets hav e asslImed greater impor
tance during recent years, especially in certain areas of the Sac
ramento and San Joaquin Valleys in CaliFornia. This increase 
may be due in part to adverse weather conditions but also in 
part to changes in th e 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 01' hea lthy seedlings 
is required, whet\1er sing'ling is accomplished by machine or by 
simplified hand labor operations. The achievement of lIniform , 
10\\1 density seedling populations has been retarded in northern 
California by the fact that during 1956 and particularly during 
1958 seedling diseases of sugar beets were extremely severe as 
indicated by the acreage abandoned or replanted (Table I ). To 
reduce the loss of crop and the costs incidental to replanting, 
growers in general have tended to increase seeding rates. In 
Favorable years such as 195q and in fields I itt.l e afl'ectecl hy seed
ling disease high seeding rates have resulted in stands 01' high 
density l eadin~- to increased difficulty of machine thinning or 
increased hand thinning costs. 

T<-tble I.-Replanlcd and Abandoned Acreage of Sugar Beets in Northern California 
because of Seedling Diseases, 1956· 1958. ' 

1956 1957 1958 

Acres 

Area sun"eyed 95.0;19 109.3 19 111 .97 1 

Abandoned bec:llIse of seccl lin ~ di sease 3 ,019 l .li77 7.837 

R epl ,lI11 ed hcclu ,,\e o f seedlin.'.! d isc;l sc 4 .,.40 4 .507 11 . 11 2 

I Compil ed from data sup p l ied by th e a gTicultllral slafrs o( Holly Sugar Corporation :1I1c1 
Spreckels Sug·a r Com pan)'. 

Because present seeel treatment. practices have not provided 
the protection req uired under conditions 01' severe infenic)l'l, 
\\Ie have conclucted ex tensive invest igations uncleI' greenhouse 
house conditions t.o identify more effi cient fun gicicl es or more 
efl'ective methods of seedl i ng disease control. 

Plant Pathologist and Extension A!!TOnomisl, Universit y of California. Da \' is , respec
tively. 
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IS icated hy lhe fact that at least fOll elil 
l('rellt cause secdling diseases 01 sugar beets ill Cali, 
lornia, illm ul/irllWI? fro\\', P. 
1//(// U 111 

cliffer in tlleir almndallce ;!(cording 
conditions, season of plant and 

lTOppll1g these 
in COlllbinatiollS rallier Liiall ;IS simple 

A~ llew fl1ngicides I bccollle ;1\ ilahlc \I'e have tested 

them ill lhe lab()ratory and lOuse nsf each or file seed, 

r From thcse trials we ha\(~ identified lew lun, 


It certain r hilt are, 

arc nOI dIect ivc aga mllers, 


inkCltOIlS entail) cOnlhillal ion t rearnlenls 

appear prom 

Cn:ellhollse trials IrOlI1 \!J:l:-) to I(F)/ showed that an ex 
mental I :-)OHO (quinonc oxime hCll70yl 

protcct ion of 
lI!ti1llllrrt htll IiI! 01 no plotvnioll 

,Inllllll, PClltacilil)],{Hlilr<,hl'll/('IlC (PC~ Illl the 
other iland, scedli illst Rlli/O«OIlI;1 iJut not 

\llli. I'll ' II'hel1 1I'ied ;I~ a seed treat 
llH'nL IiclS cllce! cochli()irir:s, 

Du ' the spring and ~nmmer or I (L')7 I l(:se two I' 

\Iere u;lted Zllonc and ill cOlllhillatioll ill lin' fidel 
ill (om pa ris()n lI'i I h n()lllleated seed and wilh seed ue;lleci \Iith 

(dicltl( tiloqllinol1c or dicillonc).lltese trials 
were located ill California. Ihe results arc ~hO\\,1l III 

Table :2, 
III Llm:c ollile Ille I I ,,)ORO resulted ill ![clllII 

mOle seedl tilall seed treated witli PC:\B treat 
seed did !l()1 Ilnplov(:' sLands ill allY of Ihe trials alld ill s{,lnai 
case'; the stands fr()lll cOlllbination t rcallllems wcre lcdllccd he, 
low those from Ph or Baver I:iOMO med alolle, I"hc\c ]'csnlt'i 
indicated that Rlllloctonia ,'las of min()r illl})()r!allcc in these 

Irb and ;tI,)o sll~gesled Ihal PC:\B. at lilt' ratf uSfd (l/, o( 
7 PC;\: B per 100 1 b, sl Y ph yl ot ( 

Ulll sulfonate, tilt' lllallUiact urCl lor 
! lIals disclos('d tll;ll I ill 
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T:Jhk 2,-'1 he Ene! t of St'cd "1 rratment on ,'"'lands of Sugin Iket..... Valu('" arc: SfTdIi ng ... 
PCt Tell Ft,(,t of Ro\'\', Rt'snlh o( i957 field Triab. 

St'('d Trc;atulent' 
Dn..:ag:(' 

o,/JOO Lh, 

Trial 

2 

NLiJnbt~r 

5 

hI:, 
of !) 

'1'1 tab 

Fln,u,Oll XL 

1'11\ ~(Jlt XL 
I'c:-.:n 

HJYf'r L~JlI ...,u 
+ !'C:"B 

4 

2 

2 

78 

131 

II;) 

1'1) 

ITl 

'I rcatmt;lIl 

70 

8°'.-, 

10(i 

~,fl 

120 

102 

means 

IS 

27 

29 

J0 

11 6" 

;0 

78 

5') 

Dl 

I ~ II ~ Il 10 
ll.::', 11 .... , 

'pc:,':g ~ I:;"'~ pCl)lachlornni!!()hcllIl'lH' (rcltador); Ph)gon )lY! d i( hlnrollap! hoqllinnlw 
(dicldollc}; l5d'5Cr J:)(}sO :~)O''t, qllilJOll(, oxime ben7o~J lnd!:!/Oll" i in I' 

\ 

,1 IndicltL'S ~ignj!i{:tltl dlt:C(,\ at the ,S',', :Jnd je/; lc\cl.;;, IT:.!Wrri\cly 

material used as a seed treatment was 
hill/II 'II 71 i/l/ll III , moderately effectIve 

!urn and A cochlioilie:" 
()c/(;Ylifl so/ani. HmvenT, as a seed treatment Dexo;l proved to 
he lllOTe elfcctive against A. coc/ili()iilcs than any other fungicide 
tesLeel alLlwLll;h satisfactory wa~ not ohtainccl ill 
s(,verely illiesled Ilea\ y soils, binalion Ln:atlllents oj' !)e\,o[J 
and PC:\,B i\'('Ie especially dlcctivc in soil~ both r" 
solani ;mcl P. IIltimuJ/I. 

In 19:')tI. with the III of beet ~!lgar fI Farm 
advisors and growers, I D field 1rials were ('omplclul in \\'hiell 
standard commercial lI'ere com ",[til three 
cllldidate used alone and in cOlllbiIl:llioll, '1lH'h'c 
or these trials were located in !lOl'l hC'l'O California 1 limll 

localed in olher Slales by the 
as follows: \\'0 ill Colorado 
Iowa liJ,Tahlc and 

lour in \Tillllcsola 19, Table Incliviclu:Ii 

1:::'. Tables ,~ and Seven wCle 

cd with a 
seeds eln 

50 feel 



T"llIe 3.-Thc Ellect of Seed Treatments on Stands of Sugar Beet Seedlings, 1958 Trials, 
Values are Seedlings per Ten feet of Row. 

With Phygon the Standard fungicide . _1 
er.; 

Materials 

Seed Treatment' 

Oz. per 
100 Lb. 2 • 3 4 

Trial Number 

5 6 7 8 9 10 

A\'g . of 
All T en 
Trials 

Avg. of 
four 

Trials" 

Trealment iVf cans:! 

l'one 
P CN B 2 

7·1 
102 

55 
60 

46 
55 

20 
27 

45 
6 1 

8 1 
69 

38 
37 

'17 
54 

26 
37 

55 
57 

49 
G6 

50 
54 

P hygoll 
Ph ygo n + P CN Il 

6 
6 + 2 

10 1 
9·1 

80 
75 

14 
47 

42 
4 1 

89 
85 

85 
82 

52 
3 1 

64 
54 

41 
52 

85 
88 

68 
65 

J.I 
70 

ll·J5080 
B· 15080 + PCN ll 

2 
2 + 2 

103 
11 7 

79 
67 

50 
46 

64 
66 

83 
92 

96 
86 

42 
43 

54 
G6 

43 
49 

82 
l UI 

70 
73 

80 
78 

Dexon 
n exon + P CN B 

2 
2 + 2 

9 1 
128 

78 
83 

61 ,,4 68 
65 

92 
89 

95 
10 1 

50 
43 

65 
63 

:1-1 
52 

8 1 
S7 

72 
77 

83 
85 

LSD (5%) n .s. 18 n. S. 12 16 I I n .S . 8 n. S. 19 8 

- - - - - - - - - -
AYerage Effect of peNH"' 

\l"ilh Olll p eN ll 
\I"ilh peN H 

92 
110 

73 
7 1 

50 
5 1 

48 
50 

78 
82 

90 
84 

46 
39 

58 
59 

36 
48 

70 
83 

64 
68 

72 
72 

LSD (5%) 

NOlle 
Ph ygon 
B· 15080 
Dexo n 

- - - - - - - - - -
16 

88 
98 

11 0 
109 

n.s . 

57 
77 
73 
81 

n .s, 

5 1 
45 
48 
58 

n .s. 

Average 

24 
41 
65 
67 

n.s. 11 ,$. I1 .S. 

Effect of Other Fungicides" 

5 ~~ i j 38 
87 8·1 42 
87 ~ I -12 
!)O 98 ·17 

0.$ . 

50 
59 
GO 
G I 

32 
46 
46 
43 

n.s. 

56 
86 
92 
84 

n .S . 

52 
67 
71 
74 

I1 .S. 

52 
72 
79 
84 

'-
C 
C" 

'" z 
:>
r
0 

LSD (5%) n .s. 13 n. S. 9 II 8 n .::,. 6 12 13 5 
;,.. 

1 PC :'>Ill 75 0"{, pen tach lo ron i tro hen ze ne: Ph ygon-50% di chloronapillhoquin or:.e: B<lyc r 15080 50 '70 quin on e ox ime be n loy l 
22555)  85% P -dilllohylaminobcIl7cn edi:llo sodium sulfon a te . 

:.! IUl c raCli o n of pe N B wilh non-treat ed seed and th e othe r fun g icid es was n o t si::!-n ifi ca nl a t t he 5 % level in any o f th e tri a ls. 
!) Da t ~1 fo r tri a ls 2 . 4 . 5 and 6 we re co mbin ed on th e b as is o f having hOlllo :;e ll co tis e rro r \'ar ia nces. 
" Averages of all plot s ha\'in g seeds trea ted Wilh th e fun g icide indicated. 

h ycl r ;:lI m~l': Dcxon ( Bayer 
v. 

v. 

'-

~ 



Tahle 4.-The Effect or Seed Trea tmen ts on Sta nds or Sugar Bee! Seedlings, 1958 Tria ls, 
Va lues arc Seedlings p er T en Feet of Row. 

with Captan as the Standard Fun!;iddc. <
0 
r' 

Materials 

Seed Treall11ell(l 

Oz. per 
100 Lh. II 12 13 

Trial Number 

14 15 16 17 18 19 
;\yeragc or 
,-\11 Tria ls" 

>< 

Z 
() 

: 

None 
PCNB 2 

19 
19 

6G 
6;-) 

'37 
63 

Treatment i\leans!! 

73 5 1 46 
7G 50 48 

44 
5 1 

46 
42 

32 
42 

48 
:)0 

:.> 
"" " r-Cap la n 

Capran + P C:-.IB 
10 

10 + 2 
j3 

4 1 
7 1 
76 

ll 6 
119 

97 
III 

fi O 
()j 

GO 
61 

49 
53 

62 
GO 

60 
6~ 

li7 

71 
<0 

~ 
B· 15080 
B· 15080 + PC N B 

2 
2 + 2 

50 
11 

97 
76 

11 8 
120 

94 
92 

59 
he> 

52 
55 

63 
54 

44 
56 

57 
6 1 

70 
69 

Dexoll 
Dexoll + PCNB 

2 
2 + 2 

45 
,to 

69 
94 

1 2~ 

140 
105 
IDS 

67 
7 1 

6 ~\ 

57 
[)U 

60 
55 
G2 

70 
66 

73 
77 

J.SD (5 % ) II 17 12 12 II 11 10 12 13 4 

- - - - - - - - - - . - - - - -

A\'erage Effect of PCNB" 

\·\· ithout PC'IB 
With peN B 

38 
36 

76 
78 

105 
110 

92 
97 

59 
GJ 

55 
5f, 

53 
55 

52 
55 

5~) 

58 
64 
67 

LSD ( 5% ) n .s. n.S. n.S. n .s. II .S. Il .S. n .s. n .s. n .S. 2 

- - - - - - - - - - - -

i\o ne 
Cap tan 
B ·1 5080 
Dexon 

19 
38 
47 
43 

66 
74 
87 
8 1 

Average Effect of Other 

60 H 50 
11 7 104 62 
11 9 93 62 
134 107 69 

Fungicides' 

47 
60 
53 
60 

48 
5 1 
59 
58 

44 
61 
50 
59 

37 
Gl 
59 
68 

49 
69 
69 
7~ 

LSD (5 %) 8 12 9 8 7 8 9 

1 Ca pla n is 50o/c) N -tri chl oro me th ylm ercapto-4-cyclohexc ne- l , 2-d icarboximid c . Sec foot not e 1 T ab le 3 for chemica l com positi on of o th er compoll nds. 

~ Th e inte racti o n of PCN R wit h non-trea ted seed :ln d tile ot her compollnd ~ was l1 0 t s i:1 llific11lt a t [he 5 ~o Icvcl ill an y of th e (ria ls. 

3 All tri a ls had similar error var ia nces and were co mbin ed for anal ys is. 

·1 A\'c ragcs o f al l pl ots hav in g seeds treat ed with [h e fun gicide indica ted. 
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Results, 1958 Trials 

Comparisons wi th Phygon 

T he seedling counts from trials I through 10 in which Phy
gon was used as the standard seed treatment are presented in 
Table 3. T here are wide differences in error variances and con
sequently all trial s could not be combined in a single analysis. 
H owever, four of the trials, numbers 2, 4, 5, and 6, have homo
geneous error variances and were combined for analysis following' 
the method of R oessler and Leach 3 (last column, Table ~). 

The results of the individual trials and the combined ser ies 
show that PC N B used alone was not a satisfactory tieatment. All 
other treatments definitely improved stands over those resulting 
from nontreated seed in most of the trials. 

The average effect of PCN B indicates a signifIcant improve
ment in only trial s I and 9. The difference in trial 10 is nearly 
sig'nificant at the 5 percent level. Judging from greenhouse 
results we ca n assume that only in th ese trials was Rhizoctoni({ 
solani important in reducing seedling stand. 

Considering the average effect of the other fungicides it is 
clear that treatment with Phygon significantly impro\'ed stands 
over nontreated seeds in seven of th e ten trials. As in th e 1957 
trials, Bayer 15080 was equal to or more effective than Pbygo n. 
Dexon gave hig'her average sta nds than Phygon in eight of the 
ten trials and higher than Bayer 15080 in seven of the trials. 
a lthough it did not differ significantly from Bayer 15080 in any 
of the individual trials. On th e basis of th e averag'e of all of 
the trials, as well as with the homogeneous series, Dexon was 
significantly better than Phygon and appeared to give hetter pro
tec tion than Bayer 15080 althollgh the difference was just sig
nifi,ca nt at th e 5 percen t level. 

ComjJarison s w ith Captan 
The results of the trials in which Captan was llsed as a sta nd

ard fungicide are given in Tabl e 4. Becallse of remarkabl e 
similarity of error variances it was possible to combine all nin e 
trials in a sing'le analysis. In this analysis, wh en 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 sig
nificant increase due to PCNH was observed. This effect could 
not be m easured at the 5 percent level in any of the individual 
trials. This indicates that , while Rhi70ctonia was not a major 
factor in any of these trials, this fungus did cause the loss of some 

3 Roessler. E. B .. and L. D. l.eac h. 194~ . Analvsis of combined data [or idenli ca l repli
Glted ex perim en ts. Proc. Amer. Soc. Hort. Sci. 44: 323·328. 
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seedlings and that tlJis efl'ecl could only bf' mcasured al lhe 
level 01 iliclI1ce many replications. 

.'\ comparison of the ;:tvcragc effens or the other 
for all the trials shows lhal all three material~ implOvcd 
over that frolll 1l00Hre;:tlec! seed. and Bayer 
suited in 41 t more seedlings than \las obtained 
nontrcated while Tkxon gavc a :,)2 mcreasc. 
improvement in "land rc!>ul frolll treated with Dexoll 
compared to the oUler Iwo lllaterials t at the I pcr
cent level. 

Field trials for 19!1tj were to cOlllpare Dcxoll and 
Phygol1 when each compollnd was used alone and ill comhina
tion with PC,\.; B. Plots of trial consisted or four-row 
through a commercial field. "Jontreated seed was not included 
beGlllse of t he size or the plot s and the oj stand 
ddicicllcies frOIll nontreatcd seed. Seeds ,rere planted with the 
seeder used by the grower. ;\ randomized complete block 
was lIsed For each trial with six ications. Treatments were 
evaluated counts or health} soon after emergence 
alld again just belorc lilinn Counts were made on ten fect 
of all lour J'O\\S of each plot at two diflcrclH local ions ill the held. 

Results, 1959 Trials 

The seedling stands resulting from the treatments III flllle 

trials are given in Table :J. 
the ncant at 

level occurred two locations 4 and 
interaction was due to stann increa~es associated 

adrli(l()tJ of PC"JB to Ikxon in cOlltr<lst to no mcreasc 
when PC:\1 H \\as added to PhY;2;0ll. fhe same 
notcd in severa I of the 19;')1-\ t ria I s a hit: 1\) bu t 

interaction was not ificlIli at" I-ile ;) celli level III any of 
the trials of that year. 

There ificant dIce!'. of Pc.,,}) III 1\"0 trials where 
interactiolls ,\'(,re nOI siL;nificanl. In one :\) PC:\1B im, 

stand: in the other it decreased stand (trial T). In the 
latter trial there was a lficallt illlnrmelllCl1t due to Dexon; 
Ihis ('fleet also occlIrred ill trial llumber H. 

On basis or I v of error yarianccs. it was 
to combine the trials in t ,\'{) groups, OIlC il1\'ol SC\ ell 10c(I" 
tions. the other. Iwo. A summary or these IS m 
the last two columlls of Table ,), 

'fhe combined results From sc'en locati(jn~ show a slQ;nificant 
interaction 01 PC"J B \Iith PhY~'()n and Dcxon, PC,\.; B combined 



00 Table 5.-The Effect of Seed Treatment on Stands of Sngar Bect Seedlings, 1959 Trials. Values Are Scedlings per Ten Fcet of Row 

Just Prior to Thinning. "" 


Seed Treatmentl 

Tria l Number Al'g. of Avg.o[ 
Oz.I)Cr Tria ls Tria ls 

l\-Iatcrials 100 Lb. 2 3 4 5 6 8 9 I to 7' 8 a nd 9' 

Treaunclll Means 

Ph ygon 

l'h ygon + peNn 
Dexon 

Dexon + PC)I n 

6 

6 + 2 

2 

2 + 2 

66 

63 

67 

67 

73 

72 

66 

68 

78 

86 

73 

83 

134 

130 

127 

138 

72 

65 

74 

79 

80 

78 

79 

83 

11 5 

104 

135 

124 

124 

IIG 

155 

145 

155 

158 

151 

172 

89 

86 

89 

92 

138 

135 

153 

157 

LSD (5%) n.s. n .S. n .s. JO 15 n .5. 15 18 21 14 

l llt c raC l io ll n.s. n .s. n .s. n .s. n.s . n .s. n.s. 11 .5. 

- - - - - - - - - -

Without I'C)I n 

with P CN n 

- - - - - - - - - -

67 

65 

69 

70 

Average Effect o[ PCNB" 

75 131 7 ~ 80 125 

8<1 ' 134 72 SO 11 4 ' 

Average Effect of Ph ygon and Dcxon9 

140 

131 

153 

165 

89 

89 

146 

146 

'---; 

o 
c 

'" z 
:>
r 
o 
'" 

Phygo ll 

Dexo ll 

64 

67 

72 

67 

81 

79 

132 

132 

68 

76 

79 

8 1 

109 

l Z9' 

120 

. 150" 

156 

16 1 

88 

9 1' 

136 

155" 

~ 
t'l 

> 
Ul 

1 f)exon is 70 <}~ P ·ditll c rhyi amin o be nlcncd ialo so dium s ulfo nate. See foo tn o te t Table 3 for chemica l co mpos it ion o f other fun gic ides. ~ 
~ Combined for Jllalysis on til e has is of similar error va ri ances. to 
:J A ,'c ra ges o f all p lo ts w ith seed s trea ted ,,-jth lh e fun g ici des indi c:ll ed . 

I :; lndi cal cs Sig llifi c:l ll t effect s a L th e 5% and 1% levels. respecti vel y. >-l 
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with Dexon tend ed to improve stand , but in combination witb 
Phygon no improvement ;nd possibly a reduction in stand was 
observed. ' ,Vhen each was used alone, Dexon and Phygon pro
duced eqllal results. Dexon in combination with PCNB resulted 
in a stand wbich was significantly greater than that resulting 
From the combination of Phygon and PCNH. In both combined 
series there was a sign i fican t over-a II effec t of improved stands 
with Dexon compared to Phygon. 

Summary and Conclusions 

During 19::>7-59 thirty-four field trials were conducted to 
eva luate pentachloronitrobenzene (PCNB) , p-dimethylaminoben
zenediazo sodium sulfonate (Dex()Il) and quinone oxime benzoyl 
hydrazone (Bayer 15080) as seed treatments used alone or in 
combinations. Fungicides in commercial lise were included as 
sta ndards. 

Previous to and concurrent with the field trials numerous 
,Q,Teenhouse trials were conducted to identify the effects of several 
organic compounds used as seed trea tments for controlling 
seedling disease caused by specific pathogens. Results of the green
house trials are bri efly 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 Ph ygon did not increase and in certain 

instances decreased stands. 
8. Dexon at a relatively low dosag'e rate was superior to 

Phy~wn and Captan at hi g'her dosage rates. 
4. On the average Dexon was su?erior 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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