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A common observation in Northern California in recent years
has been that sugar beets planted May 1 and later appeared free
ol 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 of beet fields
in California central valleys indicated 129 greater root pro-
duction and 2.1 percentage points higher sucrose concentration
of crops planted in May compared to those planted in April
(Lauren Burtch, unpublished data). Lange, in a five-ycar study
of aphid flight patterns, has found that the number of alate green
peach aphids increases abruptly in March and April at Davis,
and then declines sharply, dropping to low levels in early May
(W. H. Lange, Jr., unpublished data). These observations indicate
that late plmted fields yield higher in certain years because they
escape infection by yellows viruses. An experiment was conducted
at Davis, California in 1961 to determine the effect of date of
planting on sugar beet production under disease and disease-[ree
conditions. Plants infected and not infected by the beet yellows
virus were compared at three dates of planting.

Procedure

Six treatments were planned, three dates of planting with
disease-free and inoculated plants at each date. The variety used
was Spreckels Sugar 202H. The planting dates were March
March 29 and May 2. The experimental design was a randomized
complete block with five replications. Plots were four beds wide
(2 rows/40-inch bed) and at least 60 feet long. Two beds 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 demeton (6 to
8 oz in 40 gal H.0 per acre) at weekly intervals from emergence
through the first week of June, resulting in 11, 7 and 4 '1ppltca-
tions 1espe(,t1vely, for sugar beets planted March 2, 29 and May 2.
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This technique has been used successfully in other arcas of Cali-
fornia to keep plants relatively [vee of naturally occurring aphid-
borne yellows viruses (1)2.

When the plants of each planting date attained 10 to 14 leaves
(see Table | for dates of inoculation plants of the middle 30 feet
of the 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, ef al. (1). Green peach aphids were
reared on radish in aphid-tight cages. Colonies were transferred
to New Zealand spinach carrying strain 5 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 beet inoculated. Subsequent indexing of aphids used for
inoculating sugar beets of the May 2 planting indicated that they
were also carrying the beet western vellows virus.

Table ].—Responses of sugar beets to date of planting and inoculation with beet yellows
virus at Davis, California, 1961, Plants were inoculated at the 16 to 14 leal stage
and harvested October 26.  Values given are means of five replications. Variety—
Spreckels Sugar 202H.

Date Date o5 Yellows Tonsperacre, [resh wt. Lo
planted inoculated 8 August  roofs tops Sucrose
March 2 Not inoculated 100 19.7 Taz | u4

May 8 99 19.8 23.9 9.7
March 29 Not inoculated 79 24.6 21.2 11.3
May 31 89* 21.8 22.9 9.5
May 2 Not inoculated i3 354 23.8 12.1
June 24 43* 28.9 20.7 11.9
1SD 59, 2.4 ns 1.6

“Significantly different at the 59 level from non-inoculated plants of the same plant date.
t Subsequent indexing indicated the aphids used for inoculation were also carrving beet
western yellows virus.

On April 24 all plots were sidedressed with 190 pounds N /acre
by using ammonium nitrate. It was estimated that this amount
of nitrogen would be sufficient to prevent a nitrogen deficiency
in plants of any planting date. Leaf samples were collected
periodically to determine nitrogen status (7). Plants of the early
to late planting were thinned April 14, May 11, and June 6,
respectively. Percent plants infected with vellows viruses was
determined by counting 25 plants in each of the four center rows
of each plot. These data were transformed to arc sines before
statistical analysis.

On August 31 and again on September 28 two sub-plots (each
2 rows X 15 feet) were selected from each plot, one from each
end outside the middle 30 feet of the center four rows, and har-
vested. Fifteen roots were taken from each for sucrose and tare

2 Numbers in parentheses refer to literature cited.
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determinations. On October 26 the center 25 fect of the center
four rows were harvested. Two 13-root samples were taken from
each plot. Data were evaluated by analysis ol variance procedures.

Results

Unusually heavy flights of the green peach aphid during March
and April made it impossible to maintain disease-free plants of
the first two plantine dates. By mid-May, however, aphid flights
ceased and beets of the May 2 planting remained relativelv free
of yellows diseases. Visual differences in color of plants of different
dates of planting were evident throughout the season. Naturally
infected plants of the March 2 planting were severely vellowed
by May 31. Beets planted March 29 appeared less yellow 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 thc 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 beet
production under conditions of different levels of natural 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 1.).

Based on knowledge of how the suear beet grows with respect
to length of the growing period (5) and the results of other 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 409, more than those planted in May instead of
1449, 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 vield from August 51 to October 26 while nlots 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 4397 infection. This Jevel of infection
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Table 2.—Root and top production and sucrose concentration at three planting and
harvesting dates. Values given are means of five replications of plots naturally
infected with yellow viruses.

Date Date of harvest
Aug. 31 Sept. 28 Oct. 26

planted

Ronts, tons/acre, fresh wi

March 2 19.4 20.6 19.7
March 29 23.1 25.8 24.6
May 2 24.8 30.7 35.4

LSD 59,: Between plant dates for any harvesting date - 2.8
Between harvest dates for a given planting date - 2.7

Sucrose %o

March 2 9.5 10.4 114

March 29 10.2 10.7 11.3

May 2 11.3 114 12,1
LSD 59,: Between plant dates for anv havvesting date - 1.4

Between harvest dates for a given planting date - 1.0

Tops, tons/acre, [resh wi

March 2 ' 815 29,6 207
March 29 98.8 28.3 21.2
May 2 24,0 96.0 25.8

I.SD 59,: Between plant dates for any harvesting date - 5.1
Between harvest dates for a given planting date - 3.4

caused an 189 loss of root yield compared to non-inoculated
plants of the same planting date. The rate of loss per week of
infection was 19,. One might expect that 1009, infection would
have about doubled the rate of loss to 29/, 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 current experiment is obtained by 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 1 and May 1 remained free
of yellows symptoms and were harvested October 15. The ratio
of root growth of the March 1 to May 1 planting was 1.39 (6).
Under the conditions of the current experiment the loss in root
yield of beets planted March 1 and 1009, infected with naturally
occurring viruses by thinning time is estimated to be 609,
(49.2 - 19.7/49.2).

The loss of 2.8 tons of roots/acre, resulting from an increase
in yellows infection in the April planting from 79 to 899, is a
further indication of damage that can be caused by severe strains
of the beet yellows virus (Table 1).
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Table 3.—Nitrogen status of sugar beet plants at four sampling dates. Values are means
of five replications and are ppm (dry weight basis) NOs-N in petioles of recently
matured leaves.

Date Date Date sampled

planted inoculated 24 Aprill 18 June 10 Aug. 25 Oct.

March 2 Not inoc. 6600 12400 10400 16004
May 8 8800 13800 12400 6700

March 29 Not inoc. 13900 10800 3400
May 31 15900 14700 5700

May 2 Not inoc. 17200 10500 G600
June 24 16800 6400 5008

LSD 59, Level ns ns ns ns

L Just before fertilizing with 190 pounds of N/acre
# Two plots less than 1000ppm
3 One plot less than 1000ppm

Reduction in sucrose concentrations associated with artificial
inoculation with yellows viruses (Table 1) were not readily
explained by differences in nitrogen (Table 3) or relative growth
rates ([able 2). Roots of disease-ree plants of the May 2 planting
date which were growing most rapidly and taking up larger
amounts of nitrate 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-
creased respiration due to virus multiplication.

Summary

A date of planting study was conducted at Davis, California
in 1961. An attempt was made to maintain plants free of yellows
viruses at each of three planting dates to compare with plants
inoculated with the beet yellows virus. Heavy aphid flights made
it impossible to maintain yellows-free plants of early and late
March plantings. Aphid flights were greatly reduced by mid-May
and non-inoculated plants of that planting date were relatively yel-
lows free. The yield of rcots of beets planted May 2 exceeded the
yield from beets planted 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 tonsacre per week. May 2 plantings
inoculated with beet yellows and beet western yellows viruses
were reduced in root yield 189, with 439, of the plants showing
virus symptoms compared to plants of the same planting date
relatively free of yellows viruses.
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