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) .. wmmon observation in Northern California in recent years 
has been that sugar beets planted May 1 and later appeared free 
of the yellows viruses, whereas, early planted beets were usually 
severely diseased. In 1958 beet yields in California were generally 
low and symptoms of yellows diseases abundant. In that year, an 
extensive survey by the Spreckels Sugar Company oE beet fields 
in California central valleys indicated 12% greater root pro
duction and 2. 1 percentage points higher sucrose concentration 
of crops planted in rVlay compared to th ose planted in April 
(Lauren Burtch, unpublish ed data). Lange, in a five-year study 
of aphid ftigh t patterns, has found that the number of alate green 
peach aphids increases abruptly in March and April at Davis, 
and then declin es sharply, dropping to low leve ls in early May 
("V. H . Lange, Jr., unpublished data). These obse rvations indicate 
that late planted fields yield higher in certain years beca use th ey 
escape infection by yellml's viruses. An experiment was conducLed 
at Davis, California in lCJ6] to determine the effect of date of 
planting on sugal' beet production under disease and disease-free 
conditions. Plants infected am) not infected by the beet yellows 
virus were compared at three dates of planting. 

Procedure 

Six treatments were planned , three dates of planting ,vith 
disease-free and inoculated plants at each date. The variety used 
was Spreckels Sugar 202H. The planting dates were March 2, 
:March 29 and May 2. 'The experimental design was a randomized 
complete block with five replications. Plots were four heds ,vide 
(2 rows/ 40-inch bed) and at least 60 feet lo ng. Two heds were 
left unplanted between each plot to facilitate irrigating adjacent 
plots at different times and to reduce the danger of aphid move
ment between plots. All plots were sprayed with dem eton (6 to 
8 oz in 40 gal H"O per acre) at weekly intervals from emergence 
through the first week of June, resulting in II, 7 and 4 applica
tions respectively, for sugar beets pl anted Marc h 2, 29 and May 2. 

1 Respectively: Extension Agronomist, Entol1l0)ogis t, Research Assjs(anl. F.x tension Plant 
Pathologist, and Assistant Agronomist , U niversity of California , Davis. Calirornia . 
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This technique has been used successfully ill other areas of Cali
fornia to keep plants relatively free or naturally occurring aphid 
borne yellows viruses (1)2 . 

'When the plants of each planting date attained 10 to 14 leaves 
(see Tabl e I for dates of inocul a tion pl ants of the middle 30 feet 
of th e center four rows of appropriate plots were inoculated with 
strain 5 of the beet yellows virus. The technique used was similar 
to that described by Bennett , et aZ. (1). Green peach aphids were 
reared on radish in aphid-tight cages. Colonies were transferred 
to Ne,·\T Zealand spinach carrying strain S of the beet yellows virus 
12 to 24 hours prior to use in the field. Portions of spinach leaves 
carrying ca 5 aphids were clipped and placed in the crown of each 
sugar heet inoculated. Subsequent indexing of aphids used for 
inoculating sugar beets of the :May 2 planting' indicated that they 
were also carrying the beet western yellows virus. 

T a ble J.-Responses of su gar heets to dale of plan t ing a nd inoculation with beet yellows 
virus at Davis, California, lQfil. Plants ".'ere inocu la ted a t rhe H\ to 14 leaf stage 
a nd harvested October 26. 'Values given are means of five replicalion~. Vadety
Spreckels Sugar 202H. 

Tons per acre, fl'esh "'t. 

planted inoculated 8 August roots tops Sucrose 
Dac~ Date % Yellows % 

March 2 Not inocul ated 100 19.7 21.7 [ 1.4 
May 8 99 19.8 23.9 97 

~1arch 29 Not inoculated 79 24.6 21.2 [1.3 
May 31 89 " 21.8 22.9 9.0 

;Vlay 2 Not inocul a ted 6 %.4 23.8 12.1 
June 24' 43 ' 28.9 20.7 [1 .9 

LSD 5% 2.4 ns 1.6 

"Significantly d ifferent at the 5% level from non-inoculated plant.s of th e .<"me planc oaCe. 
t Subsequent index ing ind ica ted the aphids lIsed for inocul ation were also c.nrying bee t 

western yellows v iru s. 

On April 24 all plots were sidedressed with 190 pounds N/ acre 
by using ammonium nitrate. It was estimated that tbis amount 
of nitrogen would be sufficient to prevent a nitrogen deficiency 
in plants of any planting date. Lea f sa mples were collected 
periodically to determine ni trog;en status (7). Pl ants of th e early 
to late planting were thinned April 14, May 11 , and .June 6, 
respectively. Percent plants infected with yellows vimses was 
determined by counting; 25 plants in e;Jch of the four center rows 
or each plot. These data were transformed to arc sines before 
statistical analys is. 

On Au~'ust 31 and again on September 28 two sub-plots (each 
2 rows X 15 feet) were selec ted from each pl ot, one from each 
end outside the middle 30 fe et of the center four rows, and har
vested . Fifteen roots were taken from e;Jeh for sucrose and tare 

::! N umbers in raren theses refer to literature cited. 
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determinations. On October 26 the center 2::i feet of the center 
four rows were harvested. Two l:J-root samples "'ere taken from 
each plot. Data were evaluated by analysis of variance procedures. 

Results 
Unusually he(l.vy flights of the green peach aphid during March 

and April made it impossible to maintain disease-free plants of 
the first two p!antin~ dates. By mid-May, however, aphid flights 
ceased and beets of the May 2 planting- remained relatively free 
of yellows diseases . Visual differences in col or of plants of different 
dates of planting were evident throughout the season. Naturally 
infected plants of the MardI 2 planting were severely yellowed 
by May 31. Beets planted March 29 appeared less yellovv but 
decidedly more so than the non-inoculated plants of the May 2 
planting which remained green throughout the season. Table 1 
presents the effect of date of planting and inoculation on yellows 
symptoms and sugar beet production . Table 2 presents the 
growth and sucrose concentration during the fall harvest season 
of naturally infected plants of the non-inoculated plots of each 
planting date. Table 3 shows the nitrogen status of plants at 
four dates. 

Discussion 
The original objective, to compare diseased with disease-free 

plants at each planting date, was not fulfilled except for the May 
2 planting date. The experiment did, however, afford an oppor
tunity to estimate the effect of date of planting' on sugar heet 
production under conditions of different levels of natura I yellows 
infection. Decreasing root yield and higher levels of natural 
virus infection 'with early planting indicated the severe effect of 
naturally occurring viruses in this season (Table I .). 

Based on knowled~'e of how the sW~'ar beet !STOWS with respect 
to length of the growing period (5) and the results of othel- dates 
of planting experiments in California (2) and elsewhere (4) , one 
would expect beets planted in March and harvested in October 
to yield 20 to 40% more than those planted in May instead of 
14% less as in this experiment (Table 1). Further evidence of 
the severe effect of naturally occurring: viruses was seen in the 
failure of plots with a high incidence of infected plants to increase 
in root yield from August 31 to October 26 while olots with plants 
relatively free of virus increased at the rate of 1. 3 tons/ acre per 
week over this period (Table 2). 

A measure of the effect of the beet yellows virus in combina
tion with the beet western yellows virus was obtained from the 
May planting· dates where plants remained relatively disease free 
and inoculation resulted in 43 % infection. This level of infection 
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Table 2.-Root and top production and sucrose concentration at three planting and 
han'csting dates. Values given are Ineans of five replications of plots naturally 
infected with )'c.llow viruses. 

Date of hanestDate 
planted Aug. 31 Sep!. 28 OC!. 26 

ROtHS , tons/ acre, fresh wt. 

M arch 2 J9.4 20.6 19.7 
March 29 23 .1 25.8 24 .6 
May 2 24.8 30.7 3 '),4 

LSD 5% : Between plant dates for an y harvesting date - 2.8 
Be tween harvest dales for a g iven planting date - 2.7 

~ucrose 90 

March 2 
March 29 
May 2 

LSD 5%: 

9.5 
10.2 
11.3 

lOA 
10.7 
11.4 

Between plant dates for an y harvesting ela te - 1.4 
Between harvest dat es for a gi\'cn planting clat e . 1.0 

11.4 
IU 
12.1 

Tops, lons/ acre, fresh wl. 

March 2 :11.5 29 .6 21.7 
March 29 28.8 28.8 21.2 
M ay 2 24.9 26.0 ns 

LSD 5% : Be tween plant dales fo r an y harvesting date· 5 .1 
Between harvest dales fo r a gi ve n plallting' dat e - ~.4 

caused an 18% loss of root yield compared to non-inoculated 
plants of the same planting date. The rate of loss per week of 
infection was 1 %. One might expect that 100% infection would 
have about doubled the rate of loss to 2% per week, a figure that 
agrees with losses estimated by Bennett due to inoculation with 
a severe strain of the beet yellows virus (1). Based on this rate 
of loss and considering plants of the March 2 planting date to 
have been infected by thinning time a root yield of 49.2 tons/ acre 
is estimated if plants of that planting date had remained disease 
free . A similar estimate for root yield of disease-free, March 2 
planted beets of the curren't experiment is obtained oy multiply
ing the yields of May 2 planted beets by a factor obtained from 
data of Ulrich and Ririe, in an experiment conducted at Davis 
in 1954 'wherein beets planted March I and May I remained tree 
of yellows symptoms and 'were harvested October 15. The ratio 
of root growth of the March 1 to May I planting 'was 1.39 (6). 
Under the conditions of the current experiment the loss in root 
yield of beets planted March I and 100% infected with naturally 
occurring viruses by thinning time is estimated to be 60% 
(49 .2 - 19.7/ 49.2). 

The loss of 2.8 tons or roots/ acre , resulting from an increase 
in yellows infection in the April planting from 79 to 89 %, is a 
further indication of damage that can be caused by severe strains 
of the beet yellows virus (Tahle 1). 
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Table 3.-Nitrogen status of sugar beet plams at four sampling dat·es. Val ues are means 
o( five replications and are ppm (dry weight basis) NO,-N in petioles o( recently 
matured lca,rcs. 

Date sampledDate Date 
planted inoculated 24 April' 18 June 10 Aug. 25 Oct. 

March 2 

March 29 

Mal' 2 

LSD :,% Level 

No t inoc. 
May 8 

No t inoe. 
Mal' 31 

Not inoc. 
J une 24 

6600 
8800 

n s 

12400 
13800 

1:1900 
15900 

17200 
16800 

os 

10400 1600' 
12400 6700 

10SOO 3400 
14700 5700 

10300 6600 
6400 5~U03 

os ns 

L Just before fe rtilizing wit h 190 pouncl s 01' N/ acre 
' Two plo ts less than 1000ppm 
., C?ne plo t less than 1000ppm 

Reduction in sucrose concentrations associated wi th artificial 
inoculation with yellows viruses (Table I) were not readily 
explained by differences in nitrogen (Table 3) or relat ive gTowth 
rates Crable 2). Roots of disease-free plants of the lVfay 2 planting 
elate which were growing most rapidly and taking up larger 
amounts of nitra te had the highest sucrose concentration_ It 
appears that the effects of the viruses on sucrose accumulation 
are due to other factors, among which may be destruction of 
chloroplasts and phloem tissue as described by Esau (3), or in
C1(:'a~cd respira tion due to virus multiplication. 

Summary 

A date of pla nting study was conducted at Davis, California 
in 1961. An attempt was made to maintain plants free of yellows 
viruses a t each of three planting dates to compare with plan ts 
inoculated with the beet ye ll ows virus_ H eavy aphid flights made 
it impossible to maintain yellows-free plants of early ana late 
March plantings. Aphid flights were grea tly reduced by mid-May 
and non-inocu lated plants of that planting date were relatively yel
lows free. The yield of roots of beets planted May 2 exceeded the 
yield from beets pl anted March 2 and March 29 by 15.7 and 
10.6 tons/ acre respectively. The reduced yields were associated 
with high levels of infection by yellows viruses. Sugar beets of 
the March 2 and 29 plantings made little or no root growth from 
August 31 to October 26, while those planted May 2 increased 
in root yield at the rate of 1. 3 tons/ acre per week. May 2 plantings 
inocula ted wi th beet yell ows and beet western yellows viruses 
vI ere reduced in root yield 18%, with 43 % of the plants showing 
virus symptoms compared to plants of the same planting date 
relatively free of yellows viruses. 
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