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Introduction

Testing breeding lines for resistance Lo curly top virus is of
prime importance in developing sugar beet varieties for the
western United States. TFor the most part, improved resistance
to curly top has been attained through testing and selecting
breeding material under heavy field exposurc to the virus (9).°

Resistance may also be evaluated by inoculating sugar beet
scedlings with the virus in the greenhouse. Giddings (5) de-
scribed a comparatively quick method of greenhouse testing
and showed that results were indicative of those obtained under
ficld conditions. Resistance tests have been conducted in the
greenhouse at the United States Department of Agriculture field
station at Salinas, California.® In 1963, a program of screening
breeding material for resistance in the greenhouse was initiated
at the USDA field station, Logan, Utah.

In greenhouse tests, it is highly desirable to have as many
susceptible plants as possible develop obvious symptoms after
exposure to the virus. Resistance cannot readily be evaluated
in symptomless plants as long as there is a possibility that they
may merely have escaped infection.

At the outset of our screening program, a considerable number
of test plants of most of the entries failed to show curly top
symptoms. Since symptomless plants occurred in highly suscep-
tible entries as well as in the more resistant ones, and since the
proportion of symptomless plants in entries included in several
tests varied considerably from test to test, we believe that many
of these symptomless plants escaped infection. Consequently,
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we studied ways to increase the efficiency ol our tests through
control of some of the factors that affect curly top infection.

Giddings showed that incidence is affected by virus content
of plants in which leathopper vectors acquire the virus (7) and
that incidence decrcases as seedlings mature and age (8). Bennett
(1) showed: incidence increases with time that viruliferous leaf-
hoppers feed on test seedlings up to the 3rd-4th day, two leaf-
hoppers per scedling (one on each cotyledon) result in higher
incidence than two on one cotyledon or one per plant, male
leafhoppers are superior to females in transmitting curly top
and adult leafhoppers arve superior to nymphs. Bennett and
Wallace (2) found that individual lcafhoppers vaty in ability
to transmit curly top. Carsner and Stahl (3) reported that
plants kept in darkness during the inoculation period are more
readily infected through cotyledons than through true leaves.
Vest (10) noted higher curly top incidence in tomato seedlings
inoculared through cotyledons than throueh first true leaves.

In our studies, we included most of the factors investicated
by the previously cited authors in order that we might determine
their pertinence under the particular conditions of our tests.

An indication of the reliability of our greenhouse screening
tests was afforded by comparing results of repeated tests and by
comparing greenhouse test ratings with field test ratings. Our
data indicare the degree of reliability of screening tests conducted
in 1964 and 1965.

Materials and Methods

We employed methods similar to those described by Giddings
(5). At the outset of our program, we used the following pro-
cedures with later modifications as described. Leafhoppers, used
to transmit the virus, had been maintained on non-infected sugar-
beets since 1962 when the non-viruliferous stock colony was
established. The insects were caged on young leaves of sugar
beet plants in order to acquire curly top virus. The plants werc
eight weeks old or older and had been infected during seedling
stage with a highly virulent strain of the virus. Following a
virus acquisition period of seven days, insects were transferred
to test seedlings. Insects were confined singly on cotyledons, or
on first true leaves, in small glass or plastic cages of the type
described by Giddings (6). One insect per plant was placed in
our earlier screening tests and two in later tests. In studies of
factors affecting curly top incidence, two insects were placed on
each plant. After a seven-day inoculation period, leaves were
excised with cages attached.

Tests were run in a greenhouse maintained at about 25 C.
A forced air and evaporating pad cooling system was provided;
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nevertheless, air temperature sometimes ranged from 10° to 40°
C within a 24-hour period. Supplemental light from incandescent
lamps provided an 18-hour photo period.

In the 1965 series of tests, plants were kept in a growth
chamber during the inoculation period. Temperature was main-
tained at 27° C and constant incandescent and fluorescent illum-
ination at about 1300 foot-candles was provided.

In the study ol factors influencing curly top incidence, we
used sugar beet varieties representative of different degrees of
curly top susceptibility. They included highly susLeptlble variety
SL 742, moderately susceptible varieties, US 33 and US 75 and
moderately resistant varieties US 41, US 22/4, SL. 68 and SL 0667.

Most of the brecdine lines included in the screening tests
had been developed at the Logan, Utah and Fort Collins, Colo-
rado field stations. Tn each test there were usually nine entries
plus a moderately resistant variety, US 41, included as a basis
for comparison. Each entry was represented by 20 seedlings,
previously germinated in vermiculite then transplanted four per
6-inch pot of sandy loam. Pots were arranged in five randomized
blocks.

Incidence and severity of curly top were determined about
six weeks alter inoculation. Each plant was then assigned a
numerical disease severity rating based on apparent curly top
symptoms, from 1 (very light symptoms) to 9 (plant dead).
Symptomless plants were not included in computations because
of the possibility that they may have escaped infection.

Results
Etfect of certain factors on curly top incidence.

1. Severily of curly top in virus source plants. Two sugar-
beet plants, differing markedly in severity of curly top symptoms
(severe vs. light), were sclected as virus sources. Both plants
were of the same variety (US 33) and the same age (21 weeks)
and had been infected with the same virus culture approximately
5 months earlier.

In one experiment, seedlings exposed to insects from the
plant with severe symptoms showed slightly higher incidence
and symptoms of considerably greater severity than seedlings
exposed to insects from the plant with light symptoms (Table
1). In a second experiment, diseasc incidence also was consider-
ably higher in seedlings exposed to insects from the plant with
severe symptoms.

2. Pre-inoculation dark period. Seedlings kept in darkness
for 24 hours immediately before exposure to viruliferous leaf-
hoppers showed no appreciable difference in curly top incidence
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Table 1.—Comparison of curly top inlection in seedlings of Beta vulgaris, var., US 41
exposed to beet leafhoppers from two virus source plants differing in severity of curly
top symptoms.

Severity of symptoms da i I_Ix_[:c_riment_! Experiment 2
in source plant Incidences Grade® Incidence®

Light 17/18 (94.4%,) 6.6 10/20 (50%,)

Severc 16/16 (1009,) 7.7 14/20 (709 )

aNumber of plants with curly top symptoms per number of plants inoculated.
bAverage grade computed from numerical ratings ranging from 1 (very light symploms)
to 9 (dead).

compared to seedlings exposed to light for the same period.
Among plants kept in darkness, 35 out ol 38 inoculated plants
showed symptoms; among plants kept in light, 33 out of 35
showed symptoms.

3. Ave of planis when inocnlated. In highly susceptible
variety SL. 742, curly top severity decrcased slightly with age
ol seedlings (from 17 to 32 days) but incidence was not affected
(Table 2). With more resistant variety SL 0667, however, severity
and incidence decreased noticeably as seedling age increased.
At all ages. curly top incidence and severity were much greater
in variety SL. 742 than in SL 0667.

Table 2.—Effect of age of Bela vulgaris seedlings when invculated on curly top inci-
dence and severity grade.

Age of plants Var. ‘iL 742 Var. SL 0667
(days after planting) Incidence® " Grade"  Incidence® Gradeh
o 15/20 (13%) 74 12/20 (60% 4.0
25 13/20 (65%,) 5.9 9/20 (45%) 2.4
32 14/20 (709,) 5.9 3/20 (159%) 27

* Number of plants with curly top per number of plants inoculated.

b Average grade based on numerical ratings, ranging from | (very light svmptoms) to
9 (dead). ussigned to each plant.

4. Site of inoculation. When leathopper vectors were placed
on cotyledons, curly top incidence was higher than when they
were placed on the first true leaves of plauts 24 days after plant-
ing (Table 3). Site of inoculation did not noticeably affect
curly top severity.

Table 3.—Eflcct of site of inoculation on incidence and severity ef curly top in Beta
vudgaris seedlings.

Var. US 38 Var. US 41

Site Incidences Grade! Incidence? Gradeb
Cotyledon 18/20 (909,) 5.2 18720 (90%,) 4.4
First true leaf 10/20 (50%,) 5.8 13/20 (65%,) 4.3

* Number of plants with curly top symptoms per number of plants inoculated.
b Average grade based on numerical ratings, ranging from 1 (very light symptoms) to
Y (dead), assigned to each plant.
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5. Number of leafhoppers per seedling. Two leafhoppers
per seedling—one on each cotyledon—resulted in higher curly
top incidence than one per seedling (Table 4).

Table 4.—Effect of number of leafhoppers per plant on curly top incidence and
severity grade in Beta vulgaris scedlings.

Leai- Experiment 1 Experiment 2

hoppers  Var. SL 742 T Var, US 22/4  Var. SL 742 Var. SL 0667
per plant Incidences Grade® Incidence® Grade! Incidences Grade" Incidence’ Grade"
1 14/29 (709,) 7.6 10/20 (509,) 5.4 18/20 (909,) 8.5 14/20 (70%) 5.4
2 18/20 (909%) 7.8 14/20 (70%) 4.9 19/20 (959%) 8.2 15/20 (75%) 5.5

& Number of plunts with curly top symptoms per number ot.pl:lms inoculated.

" Average grade based on numericals, ranging from 1 (very light symptoms) to 9
(dead), assigned to each plant.

6. Length of inoculation period. Viruliterous leafhoppers
were caged on seedlings for periods that ranged from one to
seven days. The minimum period that resulted in maximum
incidence was from 3-5 days (Table 5).

Table 5.—Effcct of time of exposure to virulilercus beet leafhoppers on incidence
of curly top in Beta vudgaris scedlings.

Exposure period (days) Incidence®

/12 (58.89)
9/12  (75.0%)
/12 (100.9)
812 (66.7%)
112 (9179 )
10712 (83.39,)
9/12  (75.09)

I

-1

2 Number of plants with curly top svmploms per total plants inoculated.

7. Stage of development and sex of leafhoppers. There were
no consistent and notable differences in incidence between seed-
lings exposed to viruliferous leafhopper nymphs and those ex-
posed to adults. For example, 35 out of 39 plants exposed to
nymphs showed curly top symptoms, as did 34 out of 38 exposed
to adults.

Sex of leafhopper did not noticeably affect subsequent curly
top incidence. For example, 34 out of 39 plants exposed to males
developed symptoms as did 36 out of 39 exposed to females.
Differences in the manner and length of time in which leafhop-
pers acquired virus in Bennett's (1) experiments and in ours,
may explain why stage of development and sex of leafhoppers
influenced curly top incidence in his experiments and not in ours.

8. Effect of temperature and light during inoculation period.
One group of seedlings was kept in a growth chamber during
inoculation period while another group was in a greenhouse.
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After a seven-day inoculation period, plants of both groups were
kept in the greenhouse. In an experiment conducted in Novem-
ber, curly top incidence was 709% in plants inoculated in the
growth chamber, and only 40% in plants inoculated in the green-
house (Table 6). In subsequent experiments, conducted in April
and in July, incidence was slightly bigher in plants inoculated
in the greenhouse. No differences in severity of symptoms were
noted between plants inoculated in the growth chamber and those
inoculated in the greenhouse. Possibly temperature and/or light
conditions in the greenhouse in November were less conducive
to infection than they were in the growth chamber. Carter (4)
showed curly-top development to be more severe at high tempera-
tures and high light intensities than at lower ones. In late spring
and summer, however, temperature and light conditions in the
greenhouse arve doubtlessly move favorable to infection: hence,
fittle difference was noted then.

Table 6.~Comparison of curly top infection in svedlings of Betn vulgaris, var. US 41
inoculated in grecnliouse and in growth chamber.

Experiment 1 Experiment 2 Experiment 3
(17-23 Nov. 19653  ~ (5-11 April 1868 {13-19 July 1966)
Location Incidence®  Gradet Incidence®  Grades  Incidence® Grade©
Greenhouse 8/20 (407,

T 19720(03%) 4.9 19/20(10064) 62
7 7

4
Growth chamber  14/20{709,) 4. 1971908035 44 17/19(89.5%) 6.2

® All seedlings were moved to greenhouse afier inoculation period,

b Number of plants with curly top symptoms per number of plants inoculated.

© Average grade based on pumerieal rurings, ranging from 1 (very light symploms) to
& (dead), assigned to cach plang,

Reliability of Tests

The ftollowing severity grades assigned to one variery, US
41, included in each of 55 successive tests over a two-year period,
indicates variation among tests:

Curly top grade No. tests grade assigned
4.0-44 11
4.5-4.0 24
50-54 13
55-5.9 5
6.0-6.1 2

Inasmuch as severity may vavy {rom test (o test, we expressed
disease reaction ol cach entry in per cent of check variety US 41,

Concordance in results of repeated tests was noted. For ex-
ample, in two tests ol a group of seven varieties that varied
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considerably in susceptibility, each variety showed about the
same degree of susceptibility in each test (Table 7). Greenhouse
and field evaluations also were similar.

Table 7.—Comparison of curly top severity grades of seven sugar beet varieties in
greenhouse and field tests.

Greenhouse Tests®

Variety ~ Grade® Grade in 9, of US4l Field test
code no. “Test 1 Test I Mean st 1 Test I Mean Grades

1 4.2 5.2 4.70 77.8 94.5 86.2 3.0

2 b4 6.5 5.85 100.0 114.5 107.3 4.5

3 5.6 5.9 5.75 103.7 107.3 105.5 1.0

4 5.8 5.8 5.80 107.4 105.5 ° 106.5 4.0

5 6.1 6.0 6.05 113.0 109.1 11,1 5.0

6 6.4 6.2 6.30 i18.5 112.7 115.6 5.0

7 6.6 8.1 7.55 122.2 147.5 134.8 6.5
US 41 5.4 5.5 545 4.0

* Each test based on 20 plants of cach varviety inoculated with curly top.
b Conducted at Thatcher, Utah, expressed as means ol two single-row plots, 25 feet long.
¢ Curly top grades based on ratings ranging from 1 (very light symptoms) to 9 (dead).

In field tests at Thatcher, Utah, in 1964 and 1965, there
were 382 lines that had been tested in the greenhouse. Distribu-
tion of the entries according to their greenhouse and field grades
indicates correlation (Table 8). Correlation between results of
1964 greenhouse and field tests is expressed by a coefficient of
+0.471 (243 entries) and that of 1965 by +0.667 (192 entries).
Both coefficients are highly significant statistically.

Table 8.—Comparison of curly top severity grades of 372 sugar beet lines in greenhouse
and [ield tests.

Grades /b
in Number of entries by sc\'cril)‘ class in greenhouse tests®

field tests 30-49  50-69 70-80 90-109 110-129 130-149 150-169 170-189 Totals
1-1.5 I 3 I 5 : 10
2-2.5 5 32 26 7 % 70
3-3.5 1 43 84 35 1 164
1-4.5 1 17 43 27 11 1 100
5-5.5 2 8 12 5 1 28
6-6.5 | 1 2 2 1 7
7-75 1 1 2
8-8.5 1 1

5 I 382

Totals 1 10 95 167 83 20

* Conducted at Thatcher, Utah and are based on 2 single row plots, each 25 feet long.
b Curly top grades based on ratings from | (very light symptoms) to 9 (dead).
¢ Curly top severity grade expressed in per cent of variety US 41.

Discussion and Summary
Age of seedlings, site of inoculation, number of leathoppers
per plant, length of inoculation period and temperature during
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inoculation period aftected incidence of curly top in sugar beet
seedlings.

From the results of these studies, the following procedures
were incorporated into a methodology designed to increase effi-
ciency of greenhouse testing:

I. Only plants with severe curly top symptoms should be

used as sources of virus for leafhopper vectors.

2. Seedlings should be inoculated not later than 17 days after
planting. Two lealhopper vectors should be placed on
each seedling, onc on cach cotyledon, for a minimum
peviod of three days
During the inoculation period, temperaturés of at least
25 C. and high light intensity should be maintained.

Reliability of greenhouse tests is indicated by concordance
of results obtained in repeated tests and by similarity in results
of greenhouse and field tests. Greenhouse tests, theretore, pro-
vide an efficient and reliable means of sereening breeding material
for resistance te curly top.

j)
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