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UNITED STATES DEPARTMENT OF AGRICULTURE
WASHINGTON, D. C.

{ CURLY-TGP RESISTANCE IN SUGAR BEETS
AND TESTS OF THi - RESISTANT
VARIETY U.S. No. 1

By Eubanxs Carsxgn

Senior Pathologist, and other members of the Division of Sugar Plant T nuesiigations,
Bureau of Plant Industry |
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INTRODUCTION *
ECONOMIC IMPORTANCE OF CURLY TOP

Curly top of sugar beets (Beta vulgaris L.) was first recognized os
& disease of major economic Importance in 1899, in California. Since
that time frequent and often very destructive outbreaks have oc-
curred in practically all the sugar-beet areas west of the Rocky
Mountains, except a few districts in the fog belt along the Pacific
coast. Its occurrence in serious amounts east of the Continental
Divide has apparently been restricted to cerfain sections in the
Southwest, such as New Mexico, western Texas, and southern Colo-
rado. The beet areas in northern Colorado east of the Rocky Moun-
tains, as well as those in Nebraske, Kansas, Wyoming, and South
Dakota, have been free from the disesse or have shown only sporadic

) These contritutions were mada by ¥, A, AI::Fg, assopinte geneticist; 3. B, Cormany, assoelate agron-

omist; H. A. Eleock, assistant pathologist; Weslsy XKeller, agent; C. [J. Lowe, essistant agronomist;

F. V. Owen, geneticist; D. A, Pack, essociztaagronomlist (resignsd, Nov. 30, 1929); Charles Price, associate

agronomist; and A. W. Skuderns, prineipal agronomist, Responsibiity fur the verious eontributions is

Indicated in the pespective sections. The agronomic tests in California, Idaho, and New Merlog wers
dar the general supervision of A, W. Skuderne. Acknowledgment ts made to (1, H. Coons,

principal patbologlst, for assistanms in the preparation of the manuseript,

1 Contributed by Eubanles Carsaer,
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incidence not serious in smount. In the regions where it ocenrs gs
epidemics curly top is the most destructive of all bect disepses. In
seversl of the important agricultural districts west of the Rocky
Mountains this disease is the-ptincipal factor imiting the beet crop.
Curly top ie & virus disease. The causal virus is transmitted by the
- beet leaf hopper, Eufettiz tenellus (Baker). The geographic distribu-
tion of the disease is therefore the same as that of the imsect vector.
investigators Lave emphasized direct financial losses due to curly
top. Adequate recognition should be given also fo the effect on
western agriculture of the abandonment of the sugsar-beei crop in
large areas. The sugar beet is generally recognized as en Irportant
and valuable crop in the sgricultural system for these regions, not
alone because it is an intensively cultivated cash crop, buf because

through its valuable by-products, namely, beet pulp, beet tops, and
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FIGURE l—Avemge yields of sugar hoetsin tons per pers for 1905-1030 in the Eing City distriet of
California ad in soutbern Idakn. Tha seriots decreases In yiglds were caused by enrly-top injury

beet molasses, it fosters the dairying and stock-feeding industries.
Control of the curly-top disease will contribute greatly to a stabiliza-
tion of sugar-beet growing in large areas where it is now continually
mensced, and will thus have far-reaching effects upon the general
farm situation in the West. If curly-top control is assured, it will be
possible for the beet-sugar industry to return to districts previously
abandoned because of curly top; and it will bring about, as economic
conditions warrant, cxpansion into regions heretofore avoided be-
cause of the curly-top hazard.

Figure 1 shows the average yields of sugar beets In tons per acre
for a series of years in two representative western areas where curly-
top outbreaks have occurred, namely, King City, Calif., and southern
Idaho. This chart indicates the decrease m yields in years of serious
outbreaks and the potential production if this disease factor is over-
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come. In the California district, for example, in the years 1909,
1912, 1915, and 1917, which were relafively free from eurly top, the
average yields were 15.6, 11.5, 13.0, and 11.3 tons per acre, respec-
4 ely, in contrast with the disastrous curly-top years 1914 and 1919,
when the yields were 1.0 and 1.4 tons-per acre, respectively. Simi-
larly, in southern Idaho, such vears as 1923, 1925, 1927, and 1929,
reletively free from curly top, and with average yields of 12.9, 12.1,

14.9, and 12.4 tons per acre, respectively, may be conirasted with - -

the years 1924 and 1926, in which serious curly top occurred and in
which the yields were 5.5 and 6.0 tons per acre, respectively., It
must be remambered that even in the years classed as *‘relatively
free from curly top” the disease caused an economically significant
degree of crop reduction.

METHODS OF CONTROL
CONTROL OF THE BEET LEAF HOPPER

" When it was shown that the beet leaf hopper is probably the sole
natural agency of transmission of the curly-top virus, the control of
the insect was suggested as a means of preventing or mitigating
curly-top damage. Extended entomological research has been con-
ducted 1 the effort te .effect control of the inseet. Attacks on the
leaf hoppers with insecficides and mechanieal mesns have, in the
past, been conducted mainly in sugar-boet ficlds. Such methods,
however, have not proved very effective in reducing curly-top damage.

The problem has also been approached, in recent years, from the
standpoint of insect ecology, with the result that intensive regearch
has developed & body of knowledge on the factors influencing the
size of leal-hopper populations in the fall, their survival through the
winter, the spring increases, and the migration period (6).° From
such data and from past records of beet production it i1s possible to
predict the probable populations in the spring and the period of
migration, in certain areas intensively studrilgg. Such predictions
have been valuable in making it possible to avoid planting beets in
vears of heavy leaf-hopper influx,

Related to this phase of control is the study of the plants that
harbor the insect m the unstural breeding grounds. The beet leaf
hopper has been found to be strongly influenced by introduced weeds
now established on the abandoned farms and in desert areas sur-
rounding those now cultivased; this flora determines in large measure
the distribution and size of populations of the insect. Reduction of
the weeds in which the beet leaf hopper multiplies and which are
otherwise objectionable is s procedure obviously commendable aside
from 1ts Learing on curly-top control. The possibility of developing
heneficial praectices through an ecological study of the weed hosts of
the insect was pointed out by Carter (6). A study of the plant
successions in these natural breeding grounds by Piemeisel (12)
has indicated the possibility of replacing the iniroduced plants with
the natural vegetation, which is less favorable for the leaf-hopper
populations. '

3 Itale numbecs in paronthesss refer to Literature Clted, p. 68.
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CULTURAL PRACTICES

- In addition $o the general measures, which involve large areas and
are necessarily siow and gradual in their influence, various cultural
‘practices are definitely applicable to curly-top control.

Of these cultursl practices the most important is timing the plant-
ing of the beets so as to get the crop advanced as far as possible
before the spring influx of the beet leaf hopper. In Californis, Idaho,
and Utah such procedure has resulted in great benefit. Associated
with this mesasure are other desirable agronomic practices, such as
the effective use of irrigation water and the application of necessary
fertilizers. In general, it has been found that fields in which the
size and vigor of the pleats have been increased by early planting
and excellent cultural practices have suffered less damage than fields
in which the plants were very young or in an unthrifty condition 2%
the time of the leaf-hopper mflux.

All the measures mentioned, however, are to be regarded as pal-
listive rother than as affording a completely satisfactory control,
Nevertheless, for the present ab least, it is urgent that all helpful
practices be continued becsuse of their contribution to the lessening
of the injury from the curly-top disease.

USE OF RESISTANT VARICTIES

The use of resistant varieties for the control of plant diseases has

long been recognized as & very desirable measure and the one to be
preferred where sanitation or modified cultural practices fail to give
adequate relief. In the case of curly top this method of ¢ontrol
appears to have been the first one considered. The progress here-
tofore mude in the development of resistant varieties may be briefly
reviewed.
- Townsend (14) began seleeting sugar beets for resistance to curly
top in 1902. His efforts were handicapped because the relationship °
of the beet leaf hopper to the disease had not then been demonstrated
and therefore no way of insuring exposure of the plants to the disease
was known. In one trial, however, in 1807, he reports evidence of
an appreciable degree of resistance m the progeny of plants selected
for vesistance, as compared with 25 other varicties. The work along
this line was interrupted, and no further progress was reported.

Carsner (5) reported selection efforts that were begun in 1918 and
continued through the season of 1925. Primary emphasis wes placed
on securing beets resistant to_the disease in the hope that, if such
plants were found or developed, the required guality as to sugar con-
tent could, if necessary, be later secured by breeding. Strains vary-
ing from 2 moderate to & very high degree of resistance were obtained,
and the fact was demonstrated that resistance to curly top is 2 her-
itable character. The extremely resistant strains proved io be very
low in sugar content. No further data have heen presented, but in
the report of the Chief of the Bureau of Plant Industry (I3, p. 18)
issued December 3, 1029, the following statement appears: “Exten-
sive tests demonstrated that some verieties of beets sufficiently resist-
ant to give good yields in spite of curly top are also satisfactory
from the standpoint of sugar content.” _

Tsau (8) reported work on selection aad breeding for curly-top

resistance that had been carried on continuously from 1919 to 1929,
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A strain derived from a resistant mother beet isolated In o cloth cage
in 1920 was subjected to repested tests for resistance, and attempts
were made to improve it and purify it by repented reselection. The
fact was conclusively demonsirated that this strain was highly resist-
ant and that this character was inherited. The strain was not found
satisfactory for eommercial use, but its value for breeding purposes
was_ recognized. It was hybridized with another highly resistant
strain (obteined from Carsner) and also with & strain {obtained from
Pack) which was of high sugar quality but not ighly resistant., The
results indicated possibilities o progreseé through breeding. Mass-
selection studies aiso demonstrated the possibility of developing by
this method varieties sufficiently resistant to afford very substantial
increases in yield over susceptible commercial brands. The sugar
Dbercentages in these varietics were practically the same as that of
the commercial variety used for comparison. Their total sugar
content was of course much greater, :

Coons, Stewart, and Eleock (7) reported progress in work on the
selection of resistant sugar beets and the use of such individuals either
to develop inbred lines or to produce seed by being planted in groups.
Progenies obtained by the lntter method (mass selection) produced
more than three times the yield of the commercial variety under
curly-top conditions, but were regarded as not yet sufficiently resistant
for commercial use under severe conditions. These investigators
elso reported results obtained from numerous European collections
of the wild beet (Bete maritima L.). Individuals of B. maritima
were found which were so nearly immune to curly top as to make it
very difficult to detect symptoms on them and which were also
acceptable as fo percentage of sucrose. These highly resistant
individuals were crossed with high-grade nonresistant commercial
beets, and the hybrid material was tested. In one test the hybrid
yielded approximately eight times as much as the commercial brand
used ss & check. -

DEVELOPMENT OF RESISTANT VARIETY T. S. NO. 14

This report on curly-top resistance in sugar beets as a control
Ineasure represents o continuation and expansion of the effort begun
 1918. As previously noted, the results up to 1926 have already
been published. In the present report evidence is presented of an
important advance in the development of a commercielly desirable
variety resistant o curly top (U. S, No. 1}; buf 2 very resistant variet
of as high quality as is desirable has not yet been obtained, thougg
further Improvement may be expected from continued effort in this
direction. ~ From 1926 to 1929 the work was carried on through the
cooperation of the contributors of this section. In 1929 the staff of
investigators was enlarged and reorganized. Most of the additional
workers have contributed parts of this report.. The various phases
of the resistance project are being continued by the several groups
of workers. Selection and breedging for further improvement are
being pushed by the geneticists; the agronomists are condueting the

- eritical evaluation of the resistant varieties and studying the factors

* Contributed by Eubanks Garsher and Dean 4. Pack,
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involved in growing the seed; and the pathologists and the chemists
are studying the nature of resistance in the sugar beets. Pro%ress is
being misde also on an analysis of the basic physiological factors
involved in seed production.

The U. 8. No. 1. variety ® is not the only resistant material that has
been selected @nd studied in the course of the present investigation.
Several lines selected from strains that were combined to produce
“the present variety appear to be equal or superior to it. "The variety
discussed herein was developed by a combination of the most promis-
ing strains available in 1928. 1t was thus produced as quickly as
possible in order to meet promptly the emergency in the industry
“due to curly top and in the hope that it would afford a measure of
-montrol while resistant varieties superior to it were being developed.
Because this is the first resistant variety o be released by the United
States Department of Agriculture for commercial use in the curly-
top areas, it has been designated “U. S5 No. 1.”

The selections combined to produce the U. 5. No. 1 variety were
obtained mainly from a field of resistant strains grown at Twin
Falls, Idaho, in 1928.% This location was chosen in order that the
plants might be naturally exposed to curly-top infection. The chief
purpose of the planting was to obtain from the available sead the .
greatest possible nwmber of plants for extensive and critical reselee-
tion. Accordingly, men were employed to plant the seed by hand
in order to spread it farther than would have been possible by the
use of the beet drill. A total area of slightly over 5 acres was used
for the planting. As a measure of the degres of curly-top exposure,
eight 4-row plots running the full len th of the field were drilled in
with & commercial brand of seed. e degree of disease exposure
obtained is indicated by the fact that the average yield from the test
plots of the commercial brand was slightly less than 12 tons per acre
as compared with a commercial yie%d from the same field in the
preceding year of 25 tons per acre.

Includeci7 in this 1928 planting at Twin Falls were all the resistant
strains and hybrids then available. Some of these, while extremely
resistant, were too low in sugar content to be commercially satis-
factory. They were included for selection purposes in connectiol..
with the continuing hreeding program, but none of the roots selected -
from these strains was included in the seed-beet field of 1928, where
the initial lot of seed of the U. 8. No. 1 variety wag grown. The
~ history and deseription of the strains used to produce the U. §. No. 1
variety are given later.

The selections of resistant strains at Twin Falls were made at har-
west time, October, 19287 Plants were chosen first which were of
satisfactory root shape and which on the basis of root size and foliage .
reaction appeared most resistant. The roots thus selected in the
field were taken to the laboratory and individually tested by means of

¢ The term ' * variety" is used In conformance wlth common usaga In sugar-beot publiestions and indleates
in this paper & gomplex combination of sugar-hest types chosen on the basls of curly-top resistance and
commuorein) qualities. 1t doos pot imply the distlaet morphologlcal uniformity which characterizes taxo-
noraie or horticultors] varieties, :

* glbert M. Murphr, Selentific Aide, Diviston of Sugar Plant Investigations, assisted with fho fleld
wmk st Twin Foils, . '

1 Thanks are due Walter Carter, at that time senior entomologist, Division of Truck Crop Insects
Butrestl of Eutomology, for msslstance In the fall nnd winter operations.
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the rafractometer. Of the 9,051 roots tested, 5,811 were retained,
those reading lowest in percentage of dry substance being rejected.
Of the roots saved, those which gave the higher refractometer readings
- “were analyzed by mesns of the polariscope; approximstely 400 beets
were thus selected for further breeding work. .

STRAIN 5001

Of the selected roots entering irto the planting that oproduced the
U. 8. No. 1 variety, the largest lot was obtained from she strain
designated in thi field notes as 5001. This strain was derived from an
extensive mass selection made from. severely affected fields in Tdaho
and Utah during the curly-to epidemic of 1926. Approximately
1,500 individuals were selccted on the basis of resistance and root
shape, and these were planted in large groups for seed production in
1927. Strain 5001 constituted approximately one-fourth of the
resistant strains planted at Twin Falls in 1928, It was thus possible
to make extensive: selections from this strain,

WASHINGTON STRAIN

The next largest component of the U. S. No. 1 variety was the
selection termed in the -writers’ notes ‘‘the W ashington strain.”
This strain was dertved trom 2 relatively large primary mass selection
made from commercial fields in the Yakima Valley, Wash., in 1923,
by employees of the Utah-Idzho Sugar Co. under the direction of the
company’s district manager, J, W. Timpson. Uader the same
auspices, seed was grown from the selected Toots at Toppenish, Wash.,
in 19247 A test of the progeny of this primary selection, as conducted
ab Riverside, Calif., in 1925, has been previously reported (5). The
selections from the Riverside plots reported on here, 37 roots, were
planted in a group m November, 1925. Six of the thirty-seven
plants produced seed in 19286.

connection with tests of other strains at Riverside in 1927
Tesistance tests were made on seed from the six mother beets #.at
bloomed in 1926. The seed was planted in single-row plots 50 ieet
long, alternating with check plots of a commercial brand. For one
of the Washington selections there was only one plot; for four of
them there wes enough seed for duplicate plantings; and for one there
were three replications. The beets were inoculated by caging two
viruliferous beet leaf hoppers on each plant soon after { inning. At
harvest the Washington selections gave average yields ranging from
60 to 102 pounds per plot, the average for the 12 plots being 81
pounds per plot. The average yield from 75 commercial check plots
was 39 pounds per plot. As ealeulated on an acre basis, the Wash-
ington selections yielded 17.6 tons per acre; the commercial brands,
8.5 tons per acre. In the Washington plots practically no plants
died after thinning, whereas 23 per cent of the commercial plants
died. Curly top undoubtedly was the main factor respensible for
this result. No sugar determinations were made of the commercinl
brand used as a check, and of the resistant strains only those roots
were analyzed which had been selected for resistance. Since the

! Acknowladgment (s due Cherles F. Lackey, assistant

thologist, Divislon of Sugar Plant Iovestiga-
Hons, for asslstance with the experimental work at Riv de, Cnlffl.s
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roots were selected mainiy on the basis of size, their sugar content
may have beea somewhat lower then that of the beets 1 the plots
as 8 whole would have run. Approximately one-third, or 213, of
the Washington beets were analyzed. The six lots averaged from
13.9 to 17.0 per cent sucrose, the genersl average being 15.1 percent.
The plants of the Washingtod strain in these and subsequent tests
had predominantly dark-green foliage. This characteristic is useful
in identifying the strain.

The group of old mother beets selected in 1925 was maintained in
the same place for seed production & second year. A sufficient
number of plants survived the second yesr to malke it possible to
obtain seed from 14 separate mother bects in 1927, including some
that had produced seed in 1926. These lots of sced were included in
the 1928 plsnting at Twin Falls, Idaho. Three random agronomic
samples from the Washington strain at harvest, 22 roots in all, gave
an average weight of 2.04 pounds per beet and an average sucrose
percentage of 17.1 per beet. Three coniparable samples from the
commercial checks, 21 roots in all, gave averages of 1.5 pounds in
weight and 16.9 per cent of sucrose per beet.

90582 STRAIN

Another strain used in preducing the U. 8. No. 1 variety was the
inbred line §05a2. This strain was derived from a mother beet
selected by Eubanks Carsner and C. F. Stahl, entomologist, Division
of Truck Crop Insects, Bureau of Entomology, from o severely exposed
field of the Spreckels Sugar Co. at King City, Calif,, in September,
1022. Progenies from this selection and from group plantings of
subsequent reselections were tested for resistence at Riverside. In
these tests, in nddition to exposure by natural infestation, viruliferous
beet leaf hoppers were caged on each plant. During one severe
season of curly top (1926) small tests were made by natural exposure
at Twin Falls, Idsho, and at Sslt Lake City, Utah. This strain
(00522) consistently showed a higher sugar content than had previ-
ously been found In resistant heets, aversging about 16.5 per cent,
and maintained its resistance to curly top despite loss of vigor irom
inbreeding. The strain possesses genetic factors thet produce in
many of its individuals a red stripe In the center of the upper side nf
the petiole. This character appears frequently in the U. 8. No. 1
variety and is useful in identifying the latter. The 905a2 strain
shows also an inherent tendency to bolt, that is, to develop seed
stalks the first season, somewhat more readily then most commercial
braads of sugar beets.

90522 HYBRIDS

Next in order of importance among the strains combined in tie
U. S. No. 1 variety were scveral first-generation hybrids betwszi
00522 and other strains. The three principal hybrids resulted from
orosses between 905a2 and three lines selected for high sugar quality
without regard to curly-top resistance. The hybrids were 805a2 X
BA7, 00522 X 6-4—6, and 90522X202. Two other hybrids, namely,
90582 X 7489-24 gfind 905a2 X 619324, were included in comparatively
smell numbers. The stroins 7489-24 und 6103-24 were derived by
reselection from strains first selected in northern Colorado by W. W,
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Tracy, ir., formerly of the Division of Sugar Plant Investigations.
Subsequent tests at Riverside and elsewhere had shown that these
strains were somewhat resistant to curly top

OTHER STRAINS INCLUDED

Three other strains were combined ini-the U. 8. No. 1 variety:
These were 6677-24, 3929, and the one designated as De Rekowski.
The De Rekowski strain was originally obtained by o small-scale mass
selection (17 beets) made by officials of the Amalgamated Sugar Co.,
at Twir Falls, Idaho, in the autumn of 1924. The roots were sent to
Charles W. de Rekewski at Detroit, Mich. Some of the seed pro-
duced there from these beets was sent by De Relkowski to the River-
side station. By running this strain through another generation a
limited amount of seed was available for inclugion in the 1928 planting
at Twin Falls. Strain 3929 resulted from inbreeding the progeny of
one mother beet out of 112 heets selected for resistonce at Twin Falls
in the nutumn of 1924. Strain 6677-24 was developed by W. W,
Tracy, jr., at Fort Collins, Colo., and was later found to be somewhat

]
5 I
'

FATHING TON - D BEKOWSKT
3 I
HINGTON

5007

SHINGTON

S007

SHINGTON

SO0

HASHINGTON | KN [ wasFeTON

5007

WA ERTNGT O T oG E- I
5007

$05 A 2 [ S05A2 X 6 -4 -4
500/

] P05 42 X sA47 | 805472 x 202 { 90547 X 647
W IS AF ¥ B-d-6 577 [ 6703 X995 4 7 [ 567 7 fwiiasin RIAOSAZ X ARG

FIGURE 2.—Diagram of motlier-beet planting in block A of seed-beet fisld at Twin Falls Idaho, in 1029,
from which the origionl seed of the [T, 8. No, | variety was obtained. Each horizental iine represents a
row upproximately 500 feet long. Rows marked * wera plantod with the roots from Riverside

resistant to curly top. This strain was not included in the 1928
planting at Twin Falls, but it was planted that same year under more
drostic curly-top exposure at Castleford, Idaho. A 3mall number of
selected roots from that planting were included in the 1929 seed field
which produced the seed of the U. S. No. 1. varietv.

As shown in the chart (fig. 2}, four small lots of roots grown at
Riverside, Calif., during the winter of 1928-29, were also included in
the seed field at Twin Falls. The relative proportion of the various
strains eombining to produce the U. 8. No. 1 variety and their distri-
bution in the seed-beet field are indicated on this chart. Slightly
more than 4,500 mother beets were included in the plot.  Of
these, about 2,500 were of the strain 5001; sbout 1,200 were of the
Washington strain; and the other strains were represented in smaller
proportions.

The seed from this group planting at Twin Falls, in 1929, constituted
the original seed supply of the U. S, No. 1 variety. With seed of this
orig'imgmot agronomic evaluation tests were conducted on & com-
paratively limited scale in three localities in 1930. The results of
these tests are reported in other sections of this bullatin,
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An augmented supply of seed of the U. 8, No. 1 variety was pro-
duced in 1930 by the overwintering-in-the-field method of seed grow-
ing developed by the TUnited
States Department of Agriculture
(i1). The production of this seed
was carried out by H. A. Eleock
and J. C. Overpeck, at State Col-
lege, N. Mex.; by Charles Price, at
Besumont, Calif.; and by F. V, Owen
and D. A. Pack, at 3t. George,
Utah. The increased amount of
seed of the variety made possible
extensive agronomic eveluation
tests n 1931. Critical fests were
conducted in controlied agronomic
plots, and plots known as grower-
test plantings were planted in the
fields of farmers. The localities
chosen for these tests were dis-
tributed throughout the cumly-top
greas in Idaho, Utah, Colorado,
California, and New Mexico. This
distribution afforded a wide range
of S?l? and. of c]imﬁt.ic am% calﬂtural '
Ficuar 3—Location of tost plantlngsofthe U.8.  conditions, as well as of degrees

C o S o Mosisg " e CO1I% of disease exposure. The distri-

bution of the places where the test-

ing was conducted is shown in Figure 3. The detailed results of
these tests are reported in the following sections of this bulletin.?

EVALUATION TESTS OF RESISTANT VARIETY U. 8. NO. 1
TESTS IN IDAHO *

In Ideho sgronomic tests were made to determine the performance
of the U. 8. No. 1 variety of sugar beets as compared with that of the
commercial brands commenly used in the Idaho area. The tests were
of three types: (1) Intensive agronomic tests on small plots replicated
many times; (2) grower-test plentings, made under ordinary field
conditions; and 3) comparative studies of the rate of development
of the resistant and susceptible plants.

INTENSIVE AGRONOMIC TESTS
TESTS AT CASTLEFORD

In 1930 intensive agronomic tests of the U. 8. No. 1 variety were
begun on the experimental farm at Castleford. In these tests the
original seed stock obtained from selected mothers (p. 5-9) was used.
The tests were continued at Castleford in 1931 with the first multi-
plication of the original seed (p. 9).

The experimental farm at Castleford was selected ™ for the intensive
agronomic work because of the long history of sugar-beet failures in
this distriet. The farm chosen had not produced 2 profitable crop of

# Datails ag to materizls znd methads, where these wore {dentics! In several conseculive sections, hnve not
been ropested.

10 Cotitributed by C. E. Cormary and ©. C. Lowe.

1t Phe experimental work In the Castleford and Twin Falls ares was cartlsd on in cocperation with the
Amslgumated Sugar Co., which provided lsod aad other Izellitles for thass sxperlments,
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sugar beets during recent years, and sugar-beet growing had been
almost entirely abandoned by the farmers in the Castleford sres as
‘being too hazardous because of the curly-top menace. In 1930 and
1931 conditions in the Castleford district fully conformed to past
" experience. Nearly meximum curly-top exposure was obtained in
1930; in 1931 curly top, while not doing maximum demage, seriouslty
affected the beset crop. _

In 1930 the U. 8. No, 1 variety was planted on the experimental
farm in six plots, each four rows wide and 90 feet long, alternating
with similar plots of & commercial brand (Pioneer).? These plots
were part of a large series planted with different varieties and strains
in systematic replgmations. As has been noted, 1930 was one of the
most severe curly-fop years experienced in Idaho; the Castleford
district, being close to the breeding aress of the insect, was particularly
affected. The plots of resistant sugar beets were conspicuous in the
latter part of the seasom gs islands of dark-green growing planis

. N

Yo Fantiay

FiGURE 4. —Curly-top-resistancs tests in agronomic plots at Castleford, Idabo, AL the left in the loreground
(plot 1703} are four rows of the U. 5. No. § veriety. Adjacenl to thison the right (plot 1774} are fonr rows
of the commerica]l brand (Pigneer) which are continuous through the Reld. The photograph shows alsa
replicated plots of the U, B, Mo. 1 variety nnd these of three otber resistant strains being tested. Photo-
graphed September 19, 1920

{fig. 4.) surrounded by plots of dwarfed yvellowish-green plants of
the commercial brand. Although there was evidence of practically
100 per cent infection in the plots of the U. 8. No. 1 variety and the
disesse had killed or rendered worthless a certain percentage of the
plants, those which remained showed definite curly-top resistance.

The somewhat unfavorsble soil conditions in the experimental
field and the Iate planfing undoubtedly afected yields and sucrose
percentages of both the resistant variety under test and the com-
mercial brand used as a cheek; these conditions, on the other hand,
provided as severe a curly-top test as could be desired.

The results here given as averages (Table 1) were overwhelmin iy
in favor of the resistant variety (U. S, No. 1) in yields of beets and of
sugar per acre, snd demonstrated the cucly-top resistance of the
variety as a whole. It is evident, however, that the variety does not
consist of uniformly reacting individuals but of individuals of various
degrees of resistance. The average sucrose percentage and cosfficient

3* Produced by the Klelowanzleben Zuckerfabril, Kisinwanzleben, Germany.
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of purity, obtained in the comparative analyses, were likewlse in favor
of the U. 5. No. 1 variety. :

TasLE 1.—Comparisen of the U. S. No. I variely with o commercizl brand {Ploneer),
planted April 22, 1980, af Castleford, Idaho ‘

{Data represent averages Irom § plots, each 50 f2at tong and £ rows wide]

Sugar Der oore
Cloefli- Ear DEr acr

clent of

spparent Indicated
purity | Gross! available?

Yield per

acre Suerose

Per cent Pounds | Pounds
T. 8. No. 1. 10,930 13. 53 88,78 1,479 1,313
Commerical (Tiooeer} 1,930 11. 55 g3. 38 24 187

THileronce. ... g, it L o8 540 1,255 1,126
(dds of significance ? 41,5720 F12,499:1 $158:1 (41,249:1 | 41,188:1

1 (ross sugar per acre=ytald per acra {in pounds) X sucrose percentage. i
7 Indicated-nvailabls sugar per acre=yleld per mere {in_pounds) X proporiional-value  eoeffcient,

100
(P[oportionnl-valua coelMicient=stierose perceninge X coefficient ofapparant purity).

HE)
1 Datermined by Stadent’s Method ({J £): odds of 30 : 1 are considered significant.
+ Odds of significance in favor of tha U. 8. No. 1 varlaty.

Tn obtaining these data, each plot was harvested and one 10-beet
sample was taken at random for determining sucrose and purity.
The determination of the coefficient, of apparent purity was made In
the stendard manner (4), and the sucrose percentage was computed
by multiplying the amount of sucrose in the juice by 0.95, to allow
for an assumed marc of § per cent.

In 1931 a test was conducted at Castleford for the purpose of com-
paring the three seed increases of the original U. 8. No. 1 selection
with two standard commercial brands. The seed of the U. 3. No. 1
voriety was produced at Beaumont, Cahif. (A); 8t. George, Utah (B);
Las Cruces, N. Mex. {C); the seed of the commercial brands used,
namely, Old Type (D)® and Pioneer (E),” was ordinary commercial
seed. The plots were arranged in a Latin square so that the corn-
parative data on yield, sucrose percentage, coefficient of apparent
purity, and sugar per acre might be subjected to statistical analysis {(9).

On April 11, 23 pounds of seed per acre was planted in plots, each
Ys.s of an acre in harvestable area and consisting of eight rows 22
inches apart, replicated five times in restricted random arrangement.
The inner six rows of each plot were harvested October 19 on a nor-
mally competitive-beet basis,** and the data were computed on the
basis of & 100 per cent stand of beets. Determinations of sucrose
percentage a,ndp of the coefficient of npparent purily were made on
three 20-beet samples of normally competitive beets from each plot.
Sucrose was determined by the Sachs-Le Docte cold-water-digestion
method. The coefficient of apparent purity was determined from the-
Brix reading of the expressed juice and the saccharimeter reading of
sucrose in the clerified, undiluted juice by means of Schmitz's tables
(4). The data (Table 2) have been anaiyzed according to accepted

1 Produced by the Kleinwanzleben Zuckerfabrik, Klsinwanzleben, G/ >many,
4 By “ngrmally competitive beet” Is meant a best which has grow. surrounded on sli four sides by
Dbeats at approximately the right distance to vonlorm to the requiraments of tha test. The volue for welght
r beet has besn computed [rom the data from the compsetltive-beat samples, aud this value multipHed
¥ the approptista number of heets per acre has glven the valua for, vield in terms of 100 per cant stard (or
heats under the conditlons of the experiment. :
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statistical methods, and the value.nf 2 has been used as 8 convenient
measure of the significance of the test for the attribute measured.,
In all cases in which the value of z equaled or exceeded either the 5
per cent or the 1 per cent point as given in Fisher’s tables (93, the
standard errors of the means have been computed in order to
determine the difference required for significance.

Tasre 2.—Comparizon of three incregses af the U. 8 No. ! voriety with two
. commercial brands, planted dpril 11, 1981, at Castleford, Idaho

{Data tepresent averages of five plots, each }e.o of an sore in ares and consisting of the six inper 22-inch
rows of the origina) plot}

Suger production *

Coefli-
cignt
Variety of up}:
paren:
prrity 1 Ingi- Ingi-
cated cated
avail- avail-
abie abio

Per plot Per acro

Per plot { Per sore

T. 8. No. 1 incresse from— Per coné Pounds | Pounds Poynds
Besumont, Colir. ... 350. . 1D, 16 67,16 6224 6, 483 &, 539

8t. George, Utah . . 10,23 4. 082 59, 91 5, 787
ruces, . dax_ .. . i8. 56 €9, 40 63587 6, 179

67,18 62,03 5,991

Comrmercigl:
Old Typo__.______. X . 35.45 32,47 3,137
FPlopeor . ) . 3816 38,13 3, 480

av.ae 34. 20 3,313

2089 2T 2,078

LI | 1M L7975
5.2440 | 56781 ) soa 7 547. 8
29929 1 2.5394 | 270 243
3.0452 1 3. 5007 | 382 38

L 152 - 78884 | V.14 | vod co2

! Detormined on thres 20-hest sampias of normaily competitive heets per piot.

? Delermined by direct reading of ihe Briv of the exprassed julee and direct polariscopic determination
of sierose in the clarifled, undiluted juice.

? Obteined by averaging of individual plot valnes; konpe it differs slightly fram product of fhe mesns
given in this table.

¢ 2=one-half the diffarence between tha natura) logerithms of Lhe variances for veriety and errgr. 'The
5 per cent point for z=0.5%07; 1 DeE cent geint=0.8§i3, ’ .

* Difference found was oot stgnifleant by z test.

* Variance assignebla to error was grenter than variance assimoahis to affect of varisty,

There were no significant differences in yield among the three seed
increases of the 17. 8. No. 1 variety nor between the two commercial
brands used for comparison. Each of the U. S, No. 1 seed increases,
however, showed a much larger yield per plot than did either of the
commercial brands, and there was a significant difference between the
average yield of the U. 8. No. 1 lois and the average yield of the
commercial brands,

In sucrose percentage the results were not significant according to
the ¢ tfest. g‘or the coefficient of apparent purity no significant
differences were obtained, as the variance due to eITor was greater
than that due to the effect of variety. .

In sugar production no significant differences were found among
the three U. 8. No. 1 seed Jots nor between the two commercial brands.
In both gross and indicated-available sugar, however, the average of
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the U. 8. No. 1 lots was significantly greater than the average of the
-commercial brands. "

The test as a whole indicates that there were no significant differ-
ences among the three seed increases of the U. 8. No. 1 variety and
that each of these showed marked superiority to the two commercial
brands used for comparison.

 Counts of plants affected with “obvious* curly top” {Table 3) -
show no large differences among the three seed increases of the
T. S. No. 1 variety, regardless of whether the readings were made
early or late in the season. On each of the dates when readings were
made, except the first date, the average percentage of obvious curly
top for each of the three U. S. No. l%ots was strikingly lower than
that of either of the commercial brands. This is entirely consistent
with the results given later for the grower-test plantings and the
compamtive-deve%lpment studies.

TJ‘(BLE 3.——Percentage ! of planis showing obvious curly top in each of three seed
increases of the U. S. No. I variety as compared with that in lwo commercial brands,
planted April 11, 1981, at Castleford, Idaho

Percentage of plants showing obvious eurly top on—
Varloty *

Fune 20 | Jaiy1 | Fuly 14 | suly 3t | Avg.n | Aug.28

T. 8, MNo. 1 increase from—
B wnt, CREL

St. George, Utsh

Las Cruces, N. Mex
Commercis!:

Oli T'ype.

Fioneer -

il gount.s were mede on olf tha beets In the center two rows of each plot; each reading i3 an average of5
piots. ;

TEBT AT TWIN FALLS

A companion test to the one conducted at Castleford—an ares where
severe outbreaks of curly top prevail-—was undertaken st Twin Falls—
an ares in which curly-top outbreaks are not usually so severe—in
order to compare the behavior of the three increases of the U. S. No. t
variety with that of the two commercial brands used as checks. The
plauting plan used at Castleford was followed.

Twenty-three pounds of seed per acre was planted April 16 in plots,
esch one two-hundred-and-fourth of an acre in harvestable area and
consisting of four rows, 20 inches apart, replicated five times in re-
stricted random arrangement, The two 2nter rows of each plot were
harvested November 6 on a normally competitive-best. basis, and the
data were computed on the basis of a 100 per cent stand., Deter-
minations of sucrose percentage and coefficient of apparent purity
were made on three 20-beet samples of normally competitive beets
from each plot, in the manner previously described.

The data presented in Table 4 show that in yield per plot the results
~ are not significant according to the z test. There were 1o large differ-
" ences in yield between the U. 8. No. 1 variety and the two commercial
brands used as checks. Likewise there were no large differences in

18 The tarm * ohvious curly top™ signlfles that d o1 eurly-top reaction by which the diseese can be
detanted In & rapld examinatlon of the folisge 83 & wihals and which does not reguire a close sxaminetion of
the nmer lesves,  Thezonception of what constitutes obvigus cwrly top might vary with diffarent workors,
but gt all these counts were made by one persen (Lowe) the records are closely comparable,



http:increas.es

CURLY-TOP RESISTANCE IN SUGAR BEETS ' 15

yield among the three lots of the U, S. No. 1 variety, nor were the
commercial brands appreciably differsut from each other. In BUCTOSE
perceutage the results are not significant according to the =z test.
Aside from the lower suerose percentage for the St. George seed in-
crease, which must be considered, according to the z test, as a chance -
occurrence, the average sucrose percentaze of the three lots of the
U. 8. No. 1 variety was 18.29, as compared with 18.47 for the com-
mercial brands, both values being commercially scceptable,

TasLE 4.—Comparison of the U. 8. No. i variely with two commercial brands,
planted April 16, 1931, at Twin Falls, Idaho

[Pata represent avorages [com five plots, each 3404 of 20 Bore in area and consjsting of the two Inner 20-Inch
- Tows of the original plot]

Sugar production !

Yiald

Coaffl- Per acro

clent of

ks o
[=:1 -

Gross | ol

able

]

Per plot

Pounds | Pounds
7,067 5, 861
7, 458 8,20
7,658 | 637
7,185 &, 901

8,742 | 5 641
21880 | 11725

g

U. §. No. 1 increase from—
Beaumont, Culif
£t. George, Utah
1as Crooes, N. Mex_____
Commereial:

2R yesb

B8 NEX

g

+ 1 Obtained by sveraging individual plot values; hence differing slightly from product of the means
given in this tabla,
# 2=one-half the difference batweon the natural logarithms of the varianees for varjety and error, ‘F'he 5
per cont point for z2=0.50047; 1 ' cent point for z=0,8443.
3 Difference found was not signifieant by z test,
¢ Varluncs assignnble to error was greater than varinnee assignable to effect of variety,

For the coefficient of apparent purity, no reliable differences were
obtained, inasmuch as the variance due to error was greater than that
due to effect of variety.

In pounds of sugar per acre, the differences, according to the 2 test,
are not significant. On comparing the three seed lots of the U, S,
No. 1 variety among themselves, no appreciably large difference was
found. In gross and indicated-available sugar an appreciably large
difference was found between the Las Cruces seed mcrease of the
U. 8. No. 1 variety and the Pioneer commercial brand. Although
this difference exceeds the amount required for significance, it must,
eccording to the z test, be considered a chance occurrence. - _

Counts made of plants affected with obvious curly top (Table 5)
show that for the period during which the observations were made tha
percentage of affected plents was relatively small. In each case the
number of plants affected was less in the g 8. No. 1 variety than in
the commercial brands used as checks,

This test as % whole indicates that under relatively light outbrenks
of eurly top the U. 8. No. 1 variety approached in yields and in other
attributes the two standard commercial brands with which it was
compared,




L=

16 TECHNICAL BULLETIN 360, U. 8. DEPT. OF AGRICGLTURE

Tasi® 5.—Percentage ! of planis showfng obvious curly top in each of the three seed
increases of the U. 8. No. 1 variely as compared with fwe commercial brands,
planted April 16, 1981, at Twin Fails, Idaho

Percentage ol plants showing obvlous
curly top on—-
Yariety

June 29 | July 13 | July 28 | Avg. 15

0. 8, No. 1 ingrease from—
Beaunmont, Culif
B St. George, Utah
- Las Cruces, N, Mex. _
Commercial:
- {1d Type
Pioneer_...

i Counts wera made on ol £he beels in the center 2 rows of each plot; each reading is an average of 5 plots
GROWER-TEST PLANTINGS

In 1931 grower-test plantings were made throughout the affected
sugar-beet aress of Idahe. The season was characterized by a serious
outbreak of curly top. The amount of damage resulting from curly
top each season from 1927 to 1931, inclusive, 1s shown in Table 6, in
which comparative date are given on acreages and average yields
in the Jerome, Twin Falls, and Burley-Paul areas. These data
indicate that the tests of 1930, described in the preceding section,
were conducted under conditions that probably represeni a maximum
of curly-top exposure for the Idaho beet-growing district and that
those of 1931 were made under conditions of a moderately severe
curly-top epidemic. Although the influx of beet leal hoppers began
at approximately the same date in 1931 as in 1930 and continued
over & considerable period,”® the number of insects was apparently
smaller.

Tanre 6— Acreages and average yields for the Twin Falls, Jerome, and Burley-Paul,
Idaho, areas Jrom 1987 to 1981

Numsher of acres Average yield per acre based on—

Harvested Arres harvested Acres thinned

s f Buar- :
Twin Je- | Twin Je | Twin
Jerome | gapis alls %f;":l'i alls

Tons
1697e__ 1,080 1,478. 51 P 14 46

|+ 206 2 018 . . iL 46
2, {0 . . 3 X 1288
1,171 8, . . . 9.59
1930 ] 317.4 4 . 3 . 9.35

a Curly top not seriotis,

+ Curly top serious, i

¢ The drap i acreage int 1928 was due primorily to the effect of the forecnst b}y the Burean of Enlomology
gst g.;c numbers of leaf boppers in the breeding grounds ladicated deeldedly unfavorahle prospects for

o] t erop.

¢ P. N. Annand, entomologist in eharge of the sugar-beet Inscct field laboratery at Twin Falls, bas
furnished the following siatement: ** The infiur bogas on May 24, the sume date as |1 1635, and continued
_over a period of five weeks. ‘Tbhe flight was smaller than In 1930 ag indicsted by the nunibers of lea! hoppers
per beet and by numbers Jatercepted by Qight traps.”
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In the grower-test plantings of 1931, a special effort was made to
select Jocalities where different degrees of curly-top exposure might
be expected. Nineteen plantings were made in the sugar-beet area
from Filer, on the west, to MeCammon, on the east, as follows: Two
fields at Filer, 2 at Twin Falls, 3 at Jerome, 2 at Kimberley, 2 at
Hansen, 2 at Murtaugh, and 1 each at Burley, Paul, Rupert, Aber-
deen, Fort. Hall, and McCammon.”” The planting at Fort Hall and
one of those at Jeroine were lost shortly after they were made, so that
this report concerns itself with 17 plantings, as listed in Table 7.

In order to test the performance of the U. S, No. i variety under
average farm conditions, an extensive series of plantings was made of
the first multiplication of the seed used in the 1930 tests. Repre-
sentative farms were chosen where, in the opinion of factory Inanagers
and agriculturists ** consulted, the crop would receive proper handling.
These farms were so distributed as to give o representative cross
section of the whole beet acreage in Idaho, where curly top is regularly
2 serious factor. The plan used was to plant the seed of the U. 8.
No. 1 variety and that of o commercial brand in alternate strips 16
rows wide. ;i‘he number of such strips varied from two to four sets for
each field, depending on the size of the field znd the supply of the seed.
In every case, s nearly as could be judged at planting time, these
strips were so located that neither the U. 8. No. 1 nor its commereial
check was unfavorsbly placed; all the plantings were made under tha
supervision of the writers, and the boundaries of the plots were care-
fully staled and recorded to prevent errors when the plots were har-
vested. ‘The areas involved in these COMPArisons were approXimately
1 acre for the U. 8. No. 1 variety and a similar area for the commercial
check. During the growing season, inspection trips were made at
intervals of two weeks to observe closely the differences in these 17
grower-test plantings in regard to growth, degree of curly-top infesta-
tion, and progressive development of the U. 8. No. 1 variety and the
commercial brand. By doing this, it was possible to insure identical
treatment of the comparison strips in regard to timeliness of thinning,
uniform irrigation, and cther cultural operations.

At the time of planting it was noticed that the seed balls of the
U. 8. No. 1 variety were, on an average, larger than the seed balls
of the commercial brand. This difference in size necessitated the
adjustment of the drill to insure that approximately the same weight
of hoth lots of seed was used in the comparison strips. When viewed
along the row, the seedlings of the 1. 8. No. 1 variety appeared
shightly darker than the seedlings of the commercial brands. Close
examination showed that the foliage of the U. 8. No. 1 variety was a
darker green than that of the commercial brands and that a fairly
high percentage of the U. 8. No. 1 plants had red coloration in the
pefioles.

 Acknowledrment is mede of Lhe helpiul cog Tation given by the following farmers in wheso flelds tha
tests were condueted: Martin Meler and H. F. TeRay, of Twin Falls: W. H, Newman and 5. D, Perrine,
of Kimberlofr: 1, Mason gnd V, Naylor, of Hansen; J. Prisst and J. Sackett, of Filer; R, Q, May, of Ru i
D. B. Hardin, of Panl; 1, . Bodily, of Burley; D), F. Turner and Franeis Johnson, of Murtaugh; E. J.
Netz, W, H. Stodderd, aod M, Reich, of Terope; W, R, Christensen, of MeCammon: Q, Becker, of Aber-
deen; nnd 5. A. Dunn, of Fort Hall, Acknowledgment is also dus the Amalgamuted Suger Co. and the
gnahi-lgaho Buger Co. for advics and nssistance i securing the test felds in their respective operating

istricts.

8 Acknowledgment is mnde of tko assistanes end contioued jnterest thronghout theso experiments of
AR, %ﬁm R. C. May, sud H. H. Tallman, of the Amalgameted Sugar Co., and W, Y, Cenrinn, aof the
Utah-Idaho Suger Co.

161133°—33—=2




318 TECENICAL BULLETIN 360, U..8. DEPT. OF AGRICULTURE

In the various grower-test plantings no consistent differences in
relative stand or size were noted, prior to thinning, between the
U. S. No. 1 plots and the adjoining plots planted with the commercial
brand. After thinning, the plants in the comparison strips continued

owth without noticeable £ﬁerences mn stand or size until after the
eaf-hopper attack began. In most cases the beet leaf hoppers
appeared in the fields during the latter part of May, and curly-top
symptoms became evident the first week in June, little damage
appesring until after June 20. At that time the beet fields (located
under the Twin Falls irrigation system) began to show rather pro-
nounced curly-top damage in the commerecial strips and only shght
damage in the adjacent strips planted with the U. 8. No. 1 variety.
The progressive development of the disease 1z shown in Table 7, in
which the field records for obvious curly top are arranged according to
districts. These detailed records are based upon readings obtained
from 2 large number of rows selected at random. Each reading given
is an average based upon at least 10 sets of 100 consecutive beet planis
in each comparison strip. The table shows alse the obvious curly
top occurring in portions of the rows selectéd at random. In all the
grower-test plantings the counts were taken at intervals of approx-
imately two weeks throughout the season, beginning June 17 to 26,
and show that curly top became severe before the close of August.
At the close of the season all but 1 of the commercial plots in the 17
test fields snowed nearty 100 per cent obvious curly top, the exception
(field 18) showing 50 per cent. The 1J. 8. No. 1 vartety, on the other
hand, had shown in many cases a tendency apparently to recover
from the disease; in 14 of the fields the obvious curly top ranged frem
37 to 72 per cent, and 3 of the fields (16, 5, and 9) showed only 19, 27,
and 24 per cent of curly top, respectively. A detailed account of these
results 1s given in Table 7.

TasLE 7—Perceniage | of plants showing obvious curly top in the grower-test plani-
ings of the UJ. S. No. I variety and commercial brands in Idaho in 1931

[Dats represent averages of a minimum af 10 counts of 100 beets for each plsnting]

Percentage of plants shewing obvious eurly top on—

Qct. 10
Area nnd lo- | Fleld
cality No. Verloty ?
Folinge
Fol

mildly| 5
al-
fected

Twin Falls
ares:

I

Twin Falls. .- {
2.

3. 7.8 No.1____
Eimberloy._. { |g?:-{1merclul.__.

8, No. 1_...
Commerelal.__

t T'he rows In which the counts were mada ware selected at randem for gach com nrlson-stripé}lantins.
1 In the grower-tesl plantiogs the followiog commercial brands were used; Fields 1, 2, 8, end 13, Old
Type; field 16, Planeer, both brands of tha Zuckerfubrli Klginwanzleben; in fields 7, 8, 11, 12, shd 16, seed
fromm Lhe aame frm was used, but the particuler brand was not available Irom Tacter, mcord_-s: fields 3, 5,
and 10, Elits {Bchreiber & Son); flelda 4, 14, aud 17, Elite {C, Braune); tield 3, F. F, (E. Frederiksen).

L SN
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TaBLE 7.—Percentage of planis showing obvious curly top in the grower-test plant-
ings of the U. 8. No. I variely and commercial brands in Idahe in 1581—Con.

Percentage of plants showing obvious curly lop on—

Gct. 1¢

Area and lo-

cality Sept. 1ol FOIlAER
Foliage

2 lmialy|

af- | verely

fectad { .5

Twio Falis

.
-

{TJ. B No.1.__.
Cotnmercial..
U 8. Ne. 1

sREeR

Conngereisl....
T. 8. No.1____
Comrmercial__ |

+ 8. Ne. i __
Commercisl, .

Burley area: 8. No. 1_
Rupert Commmercial.._
V.5 No. i

HRE.NRY

BalaBak

. 8. No.
Comimerelsl.
{U‘ 8. No. 1_
Comuypereial,
U, 8. No. 1.
Commercial___
U, 5 Na. 1.
Commereial

Jerome area: {U. 8. Ne. 1

Comugereis!
{U. 5. No. 1.
Commercial___

Murtangh__. . {

LRER g8egspzegs

U.8. No, 1___.
MeCammon.' 16, {Comm?m.?l__l

Aberdeen___.' 17, 5. No

. B, Mo. 42
Commergial..

83

41498486
g i 97.2 1937

55| REES RERE B2BUSSERRN 388

B3| REs-
(1.

Averaze {g.5. %01 64

Commercial__-: 2
E

In t.a]cin%l the last count of beets affected with obvious curly top

just before harvost, the effects of the disesse on the foliege were classi-
fied as either mild or severe. The commercial brands used as checks
usually showed a greater proportion of severe cases than mild ones.
In the T, 8. No. 1 variety, however, the mild type of disease consti.
tuted nearly three-fourths of the obvicus curly top. In the commer-
cial brands the percentages of severe ourly top ranged from 23 to 81,
whereas in the resistant variety the range was 5 to 21 per cent.

The data in Table 7 show that in all the fields but one the disease
in the commercial beets had practically reached the meximum of
incidence by the last of August and that throughout the season the
U. 8. No. 1 variety showed & marked degree of resistance to curly-top
infection. In view of the severity of the disease in these areas, i is
obvious that the season afforded for nearly all fields a fairly severe
test of the U. 8. No. 1 variety. (Fig. 5.)

The harvest results of the 17 grower-test plantings are given in
Table 8. The methods used in securing the data were as follows:
From each strip constituting & pert of the grower-test planting,
twenty 20-beet samples of normally compefitive beets were selected
at random. These beets were put in moisture-proof sacks and taken
to the laboratory, where they were washed, weighed, end analyzed.
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Determinations of sucrose percentage and of the coefficient, of appar-
ent purity were made sepsrately for each 20-beet sample of normally
competitive beets in the imanner previousiy described. S

FIGURE 5—Grower-test plopting on the Newman farm, at Kimberley, near Twin Falls, Ldaho, showing
the U. 8. No. 1 variety at the right and a commerclal brand {Schreiber & Son's Elite) at the left. Flanted
Aarch 11, 1031; photographed July 20, 1931

TABLE 8.— Results of grower-fest plantings of the U. 8. No. I variely and commercial
brandy in Idaho 1n 1981

. Coeflicient of np-
Yield per aere 1 Sucrose parent purily

Ares and locality Fli’fan].d Plggﬂzng

Com- Com- Com-
U. 8 | Do [PiMer- e met- DliTer-
elal | BB cial eial

Twin Falls ures: Tons Percl,
Trwin Falls-c.--i{> 31000 | 13,008 | 4808 ) 1895 [ 18,58
Kimberley o ; : - }E ER

1811

X 3 18,87

Apr. . kR X 18, 20

4 [ T 4

Thurley area:

Apr. 4 3 14. 208

Paul.... Anr. 10 LA17 | 17,410

Rurley- sode 1L AL

Murtaugit 2 Apr. 4 6. 700

Apr. 3 X 8. 331

Jerotne area: Mar. 30 aig | 1173
Ar, : A .7

Jorome._ o .ooean Apr. 8 11,015
Eastern arca:
28

MeCammon Apr. 4. 085
Abherilecn ce=| AR 21| L4 6707

19, 19
18, B4

17. 84
18. (4

18.37
i8.16

[oY-1 )
CERSE
[T e

E2
= =i

85

Sl we prpas

Avermpgu. (R}

=]
cn
=

18. 02 . Lo

1 Yield values were obtained frotm normally compelltive beets and were computed an the basls of 6 100
per cent. stand.

1 When the commeroinl exceads T. 8. No. 1, a minus sign is used.

¥ Odds B899 Lo 1 that difference us great as shown was nol. due to chunce alone ().

1 Qdds Jess than 30 to 1 1bat differencue a3 greal a5 shown was ool due Lo chaucs alona.
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TABLE 8.—Resulls of grower-test lantings of the U. 8. No. 1 variety and commercial
. brands in Idaho én 1981—Continued

Sugar per acre

T Planting Gross. Indicated available
Aren gnd locality - dnto

. 8. |[Commer iler: I8 |Commer| Differ-
No. 1, eial Neo. 1 cial
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. do__ . 2.0:7
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R T, Y 2, G0
Apr. 4 2,482
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* Odds 9993 to 1 that differeoce as grent as shown wns not due to chance nloce {2}, .
# Obtained by avernging the Sugnr-per-seie volites computed for the individun! fields: hence it differs
slightly from ?ha product of the megus given in this table.

The results from the 17 fields show that the T7. 8. No. 1 variety
outylelded the commereial brand in every case. The difference in
favor of the U. 8. No. 1 variety was 2.3 tohs per acre in the Reld (16)
showing the lowest difference, which was the field where obvious curly
top occurred in the lowest percentage. The average gain for all 17
fields was 4.66 tons per acre, a significant difference. The individual
gains, as calculsted by this method, renged from 2.3 tons to 8.2 tons
per acre. In seven fields the commercial brand showed the hizher
average sucrose percentage per beet, and in nine ficlds the U. 8. No. 1
variety was the higher. In no case did the difference exceed 0.85,
which was too small to be significant. Six fields showed a higher
average cocflicient of apparent purity per sample for the commercial
beets, and 11 fields showed a higher average purity for the 1. 8. No. 1
variety. In no case did the difference exceed 3.28, and the average
difference (0.73) was too small to be significant. In the calculated
yield of sugar (pounds per acre) the U. S, No. 1 variety exceeded the
commercial brand in every case. The difference in favor of the
U. 8. No. 1 variety was 761 pounds of gross sugar and 747 pounds of
indicated-available sugar in the field (16) showing the lowest differ-
ence, which, as noted previously, was the field where the obvicus
curly top was the lowest. The average difference in favor of the
U. 8. No. 1 veriety in all 17 fields was 1,667 pounds of gICSs sugar per
acre and 1,578 pounds of indicated-available sugar. The individual
differences ranged from 761 to 3,054 pounds of gross SUZAT Per scre,
and from 747 fo 2,781 pounds of indicated-available SUgAr per acre,

It must be borne in mind that these yields in tons of beets and
pounds of sugar produced are based on the average individual root
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weight for the contrasted types, resistant and nonresistant, and have
been computed uniformly on a 100-per-cent-stand basis. Actunal
yields per acre were less, sitice stands were not perfect, but this
considerstion does not affect the relations shown by the differences,
except, perhaps, to handicap the resistant variety.

The comparisons as made show the essential differences in weight
and quality that may exist among beets growing under uniform condi-
tions of competition. In such a consideration of the date, the
influence of the stand factor as it might affect yield per acre is elimi-
nated. The fact that the stand relations are eliminated infiuences the
results obtainable by this method in those ceses where some factor
affects the stand in the check and tested plots differently. The
curly-top disease, for instance, may and often does decrease the stand
in the check more than it does that of a resistant variety. Obviously a
decrease in stand due to the disease must be recognized as a part of the
damage, and when this consideration is left out of the evaluation the
resistant variety is to that extent handicapped. There are, however,
certain practicel advantages in the method. Extensive samples
from the comparison strips may be taken in advance of the regular
harvest, thereby affording a precise comparison as to sucrose per-
centage and coefficient of apparent purity and also some measure of
vields, whereas it is often mpossib{‘e to get satisfactory rezords of
quality and yields at the time a whole field is harvested. It seems
that under curly-top conditions a fairly representative value for
sctual yield per acre may be arrived at by applying the harvest-stand
count to the date obtained from the normally competitive-beet
samples.

In five of these tests the actual yields produced on measured ereas
planted to the two contrasted beet types were obtained as a check on
the method employed. (Table 9.) The table gives the actual yields
obtained from the resistant and nonresistant beets under the condi-
tions of the particular field. These are compared with the yields
computed from the individual beet weight as determined from the
normally competitive-beet samples, assuming the stend to be 100
per cent.

TanLe 9.—Yield computed on basis of 100 per cent stand of normally compelitive
beels as compared wnth actual yields from grower-tesi planiings in Tdaho in 1981

A Yicld per sere on basis of 106 per
Actunl vield per uete cept stand of normully com-
petitive beets

15 8, | Com-

Difference No.1 |mereiat Difference

Pounds | Per cent| Pounds | Poynds | Pounda LPer cent
MeCammoen 3 f 05,0 | 22,771 | 18,071 | 4,600 25.3
Rupert - o N , ; 50.0 [ 37,020 | 28,414 1 ¢, 213
33,236 { 23,403 | 0,87
; , \ , 174.7 | 25,482 | 14,504 | 10,018
Twin Falls - s 7 X 42,849 [ 20, 380 | 13,460
Avernge A , 3.3 | 32,493 | 22,801 { 9,612

It will be noted that with the exception from the McCammon field,
in which, irrespective of curly top, considerable stand variation
occurred, the differences between the U. B, No. 1 variety and the




CURLY-TOP RESISTANCE IN SUGAR. BEETS 23

commercial brand used as check, determined by the two methods, are
of approximately the same magnitude.

From the actual yield data in Table 9 the superiority of the [J. 8.
No. 1 variety over the commercial brand used as & check appears even
more striking than is shown in Table 8. This was partly due to the
difference in the actusl stands. In every case the resistant type
showed & high percentage of gain over the commercial brand. This
vercentage of gain is higher than that found when the root weights
of the average individusl of each type growing under normal compe-
tition conditions were used as the begis of comparison. In yield of
beets, however, the difference between the U, S, No. 1 variety and the
commercial brand as determined by the two methods WES RPPTOXi-
mately the same. Although theore*ically it might be expecbetf that
stand differences would be reflected in the yi_efds and that usually
there is considersble compensating for missing beets in the row, it is
not certein that these factors operate under curl -top conditions.
It seems likely thet basing judgroent as to varietal performance on
an ade(l;uate number of normally competiiive beets was relisble and
probably more conservative than judgment based on actual yields
which may be bissed by extraneous influences on stand. The con-
clusions warranted from the two methods of determining yield are
(1) that the average root size of sugar beets from the U, S. No, 1
seed, under such conditions as existed in this fest, was greater than the
root size of the beets grown from commercial seed, and (2) that a
given aree planted with U. 8. No. 1 seed was snown to outyield s
similar area planted with commercial seed.

COMPARATIVE DEYELOPMENT STUDIES

A study of the rate of development of the beet plant was under-
taken at Twin Falls on both the U. S, No. 1 vartety and a commer-
cial brand (Rabbethge & Giesecke Old Type). On April 17 the
seed stocks were planted, 28 pounds to tha acre, in rows 20 inches
apart, in two adjoining 40-row blocks. The blocks were approxi-
mately 270 feet long, and were separated by 3-foot alleyways into
three 90-foot sections. Every other row was used for sampling, thus
insuring & 1-row buffer between each sempling area. The samplin
were made at. weekly intervals from June 17 to October 7. (Table 10.)
The readings for porcentage of obvious curly top paralleled those
obtained in the grower-test plantings. (Table 7.5 The U. S. No. 1
variety showed uniformly less obvious curly top than the commercial
brand. In growth of foliage the . S. No. 1 variety showed a uni-
formly greater development from late June until harvest, the dif-
ference being greater at time of harvest than during the earlier stages
of growth. The root weight of the commercial brand, however,
increased more rapidly during the early part of the growing season;
but this advantage was lost shout mid August, when the root weight
of the U. 8. No. 1 variety approximately equaled that of the com-
mercial brand. During September there was & marked tendency on
the part of the U. 8. No. 1 variety to show a greater relative growth
rete than the commercial brand, an advantage it maintained up to
the time of harvest. As calculated from the dats of October 7 {25
ounces for the U. 8. No. 1 root weight and 18.86 ounces for the root,
weight of the commercial brand), the yields were 20,42 toms and
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15.40 tons per acre, respectively, a difference of 5 tons in favor of
the U. 8. No. 1, which approximates closely the average difference
(4.6 tons) as calculated for the grower-test plantings. In sucrose
percentage there was a marked tendency for the commereial brand
"to show an advantage, although at harvest the differences became
less pronounced. The quality of beets produced from the resistant
variety (16.56 per cent sucrose as compared with 17.06 per ceut {rom
the commercial brand) was acceptable.

TanLe 10.—Comparative develapment of the U. 8. No. I variety and a commercial
brand {Rabbethge & Giesecke Old Type) used at Twin Falls, Idaho, 1931
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Although these results can not be assumed to have general applica-
bility, since they involve only 2 single season and particular field
conditions, the final readings are nevertheless comsistent with the
general trend of the results obtained in the other tests reported in
this bulletin.

TESTS IN UTAH AND COLORADO "
INTENSIVE AGRONOMIC TESTS IN UTAH

In 1930 eritical studies were begun in Utsh on the U. 8. No, 1
variety in order to test its resistance to curly top as compared with
that of various commercia) brands.

The first of these experiments were carried on in two X-acre ex-
perimental plots on representative farms near Magna. This locality
was chosen because curly-top epidemics had regularly occurred there
for & number of years. The two experimental plots (Taylor field
and Coon field) were about 4 miles apart. Thesc fields were planted
on April 8 snd 9, respectively, somewhat later than the earliest com-
mercial plantings in this district, in order that the plants might be

comparatively small at the time of the early jeaf-hopper invasion and
therefore exposed to relatively severe injury from curly top.

# Contributed by F. ¥, Owen, F. A. Abegy, and Westey Keller.  The work in Utah was carried on with
tha cooperaiion of the Utah Agriculturnl Experiment Station. The writers acknowledge many helpful
suggestions from Eubanks Cersoer,
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TESTS AT TAYLOR FIELD

At the Taylor field, the U. S. No. 1 variety was replicated seven
times in single-row plots 50 feet long. There were also two rows 350
feet long used for an additional test. A commercial brand (Schreiber
S. K. W.} ® was used as a check.

The injury from curly top in this field was only moderate, although
cousiderable numbers of beet leaf hoppers were observed. There
was no artificial inoculation of any kind, so that the disease produced
was entirely dependent upon the natural lenf-hopper infestation.
Evidently the virus carried by these insects was attenusted or low.
in virulence, for until the first part of September no marked contrast
was observed between the plots planted with the resistant variety
and those planted with the commercial brand. At this fime the
U. 8. No. 1 variety was datrker green in color and appeared to be more
vigorous. At harvest time (Oetober 18) the commerecial pilots had
changed to 8 very pale yellow, while the U. S. No. I plots still appeared

reria‘n.b1 The results from the harvest of the replicated plots are given
i table 11.

TapLe 11.—Comparison of the U. S. No. I uariely with a commercial brand,
planted April 8, 1980, in Taylor field, near Magna, Utah

{Dnts represenl averages from seven singlo-row plols, cach 30 feat lang]

Varjaty Surroze !

Per cend
i
18.3

-8

t Datermined on & 10-beet sampis from eachi plot.
7 Gross SUEHr per scre was computed by meultipiving the averaie yield in pounds by {lio aversge sucrose
percentage,

The difference in yield of practically 5 tons per sere in favor of
the U. 8. No. 1 varety (nesrdy four fimes as great ss its standard
deviation) was undoubtediy significent. There was a significant
difference (0.6 per cent) in sucrose percentage in favor of the com-
mercial brand. However, larger beets were used for analysis from
the U. S. No. 1 variety than from the commercial brand, and there
1s a well-known tendency for small sugar beets to be slightly higher

than lergé ones in sucrose percentage. In total yield of sugar per
acre the U, 8. No. 1 variety showed a very decided increase over the
commercial brand.

The results from the additional test of two long rows were of the
same order. 'The yiold for the U. 8. No. 1 variety was 23.7 tons per
acre, as compared with 20.3 tons for the commercial brand, and the
sucrose percentage for the U, 8. No. 1 variety was 17.5 per cent, as
compared with 18.2 per cent for the commerciel brand.

% Pradused hy Schratber & Son, Mordhsusen, (ermupny,
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TESTS AT COON FIELD

At the Coon field, the U, S. No. 1 variety was replicated four times.
Each plot consisted of one row 50 feet long. = Artificial measures were
emploved to induce a severe curly-top epidemic in this experimental
field. A row of disessed mother beets infected with curly top the
previous seagon was planted along one side of the field in order to
supply a source of virulent virus for the beet leaf hoppers coming in -
from the desert breeding areas. The migrating insects in this ares
are usually nonviruliferous or else carry only an attenuated virus. Ifa
source of virulent virus is in a field some of the incoming leaf hoppers
will take up the virus by feeding on the diseased plants and transrait
it to other plants, thus initizting an epidemic of the diseagse. The vir-
ulent virus was also introdnced into this field by means of beet leaf
hoppers that had been produced on diseased plants. These insects
were obtained from the leboratory of the Bureau of Entomology at
Twin Falls, Idsho. On June 3 the viruliferous leaf hoppers were
caged two to o plant on one-half of each plot (25 feet) in order to
give the plants in certain belts ncross the field a nearly uniform and
very severe exposure to the disease,

Previous to this date a general migration of beet leaf hoppers into
the Magna distriet had cccurred, resulting in an infestation of both
the Coon and the Taylor fields, Two counts in each fizld on June 3
indicated about 22 leaf hoppers per 100 feet of row in the Coon field
and 32 per 100 feet in the Taylor field. More counts probably would
have indicated about equal infestations in the two fields,

The success of the artificial inoeulation measures used in the Ceoon
field was noted by general observations and also by careful counts of
the amount of curly top at intervals during the season. It was ap-
parent that there was muech more injury from the disease at the Coon
field than at the Taylor field. The disease in the latter field was so
mild that, as previously noted, no marked difference between the
resistant variety and commercial brand appeared until the first part of
September. In the Coon field the belts inoculated by caging were
gignificantly more affected than the belts not so inoculated. This
feet was better demonstrated by the extent of the yield reductions
than by percentage of diseased plants on any particular date. That
the rate of development of the epidemies differed in the two fields
doubtless because the virulent virus had been artificislly introduce
into the Coon field, is shown by comparving the amount of curly tep
in the commereinl brand used as a check in the naturally infested
portion of the Coon field with the amount in ths commereial brand in
the Taylor field during the same periods. On June 24, the Taylor
field showed 3 per cent of the plants diseased, whereas the Coon field
showed 63 per cent diseased. On July 17, the Taylor field showed 20
per cent diseased, whereas the Coon field showed 95 per cent diseased.

The harvest results at the Coon field are summarized in Table 12.
The chemical analyses reported are based on a composite sample of
five beets per plot.
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B Y 12.—Comperison of the U. 8. No. 1 variely with a commercial brand, plonted
April 8, 1930, in Coon field, near Magna, Uteh
[Data rapresent rverages from four single-raw Plots, each 25 feat long]
PLANTS INOCULATED BY NATURAL INFESTATION

Humber per 100
feet
Variety Sucroze
June 20 | Oct, 25

Tons ! Pouids
T, 8. Ne. 1 . 14 08 5.8 171 3 &, 0
Commercial (Schreiber 8. K, W.y_________ 81 7.1 X 2,520

Difference 3 28 10.0 .14 3, 20

PLANTS INOQULATED BY N;\TU}E%I%%EEESTATION AND BY CAGING LEAF

U, 5. Na. 1 N a1 86
Commercial {Schreiber 8. K. W.)______. _ Kt it

TH{Terence. 16 kE 1

1 Grot::% Sugar per sere was defermined by multiplying the average yield in nounds by the average sucrose
percentage.

These results show that in the belts exposed only to natural infesta-
tior, the U. 8. No. 1 variety exceeded the commercial brand in yield
by 10 tons per acre. The percentage of sucrose was practically the
sarne In the resistant variety as in the commercial brand. The caleu-
lated yield of sugar per acre was 139 per cent greater for the U. 8.
No. 1 variety than for the commercial brand. In the belts where,
in addition to the natural infestation, viruliferous beet leaf hoppers
were caged on the plants, the yield from the U. S, No. 1 variety,
although it had been greatly reduced by the drastic exposure, was three
times the yield from the commercial brand. :

GROWER-TEST PLANTINGS

In 1931 an extensive program was outlined whereby U. S. No. 1
seed could be given actual field trials 2 in the beet- rowing areas of
Utah and on the western slope of Oolorade. Geners, y districts were
selected where there had previously been severe outbreaks of curly top.
Some districts reporting little damage were included, however, be-
cause it was thought desirable to know the merits of U. 8. No. 1 seed
under conditions of relative freedom from curly top as well as under
conditions of severe disease. _

In order to evaluate the resistant variety under normal farm condi-
tions, localities were chosen where the beets would have zood cultural
care m productive soil and where the grower would teke a personal
Interest in the problem.

! Special ecknowledgment should be made to the growers who mada the tests possible and also to the
sugar compalies for their active and sympathetle ccoperation.  The Utah-Tdano 8o r Co,, the Amalpa.
mated Sugn.r Co., snd the Gunnison Sogar Co. cooperated in sacuriog the Utal plant . The plantings
In Colorade were made In cooperation with the Holly Bugar Co,
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 The plantings were made as early as the season permifted. In
practically every casé the seed was planted as soon as the farmer
“was ready.® Care was taken fo plant sufficient seed to insure

- . good stands, and in most of the plots the stands proved satisfactory.

" In each field as many replications were made as seemed feasible.
- .Generally blocks of 16 rows were planted alternately to commercial
-seed {-mdy to the U. S. No. 1 variety. The number of blocks of the
resistant variety ranged from 2 to 4. Some plantings were larger
than others, but an attempt was made to plant about 1 acre to
TJ. 8. No. 1 seed at eack place, )

Each planting was inspected about once 2 month throughout the
season. During the early period of growth careful observations were
made to detect the presence of beet leaf hoppers and the firs$ signs
of curly top. Numerous curly-top counts were made, especially
while the plants were young, to determine the progress of the disease.
As the plants advanced in age a simple count of those diseased seemed
entirely insdequate.. The only satisfactory method of eomparing
them was to classify each plant according to the degree of curly top.
This method, however, was found to be very time-consuming and
impracticable for large-scale operations. In order not fo confuse the
reader with a large amount of data of a more or less indefinite nature,
a discussion of curly-top counts has been omitted from this report.
Of the 12 tests reported, 5 showed damage by curly top to an nter-
mediate extent, 2 showed very severe injury, and in the remaining
5 the plants were so slightly diseased as torge practically uninjured.

METEODS OF RECORDING DATA

As the most economical method of obtaining reliable results it was
decided to limit the harvest records from the fest fields chiefly to
samples taken at random.® Each beet in the 20-beet samples was
_ selected by couniing & definite number, depending on the size of the
field and the number of samples desired, and then taking the first
normally competitive beet. The interval between beets chosen for
o particular field was 25, 30, 50, or some other number that afforded
5 thorough sampling of the blocks. Normally competitive beets -
were selected In order fo avoid beets that might have been favored
by lack of competition. The normally competitive beet was only
approximated, however, in some fields where there was not a good
stand. If a consistent standard for competitive conditions had been
maintained, many parts of some of the fields would have been skipped
entirely. To avoid this difficulty, the standard held for competitive
conditions came to depend entirely on the nature of the stand in
each particular field.

As an example of the method of securing the harvest record, detailed
data of the A, N. Wight planting, at Tremonton, Utah, are given in
Ta,i)l{e 18. -Student’s method (J0) has been used in analyzing the
results, '

1 At the Frank Bovd farm, Fruita, Cele., where the fSirst plonting was lost from rooh mot, and &t the
Louis Bpeniding farm, Hooper, Utah, where {be first planting was blown cuf by a bad windsiorm, second
plantings were made st rather lnte dates,

2 This method was recomimendeg by A, W, Biouderna.
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Tantk 13—Comparison of the U. 8. No. 1 variely with a commercial brand
(Frederiksen), planted in 1981 on the Wight farm at Tremonton, Utah

“Waight of 20-beet samples {pounds) Difference be-
tween suerose
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1 When the commerein) exceeds T, 8. No. 18 minus slgn is used.
2 Average.

Only eight samples were taken from each strain, but the data
obtained were so consistent as to make possible certain general con-
clusions. ‘With one excention there was a consistent difference im
the weight of the 20-beet samples in favor of the U. S. No. 1 variety,
the average difference being 11.625+1.518 pounds. According to
the odds given in Student’s tables (2), this difference might occur by
chance alone onee in 832 times. The average sucrose percentage
was 19.10 for the commercial brand and 18.13 for the U, S. No. 1
variety, a difference of 0.97 +0.17 per cent. With only one exception
the difference in sucrose percentage was consistently in favor of the
commercial brand.

By taking into consideration the stand counts and assuming the
weight per beet obtained from the 20-beet samples o be truly repre-
sentative, a theoretical yield per acre may be readily celculated.
On the Wight farm this gives 16.1 tons per acre for the U. S. No. 1
variety and 9.2 tons per acre for the commercial brand The values
actually obtained from the record of the total weight of beets har-
vested were 16.4 tons per acre for the U. S. No. 1 variety and 8.6
tons per acrefor the commercial brand.

The closeness of agreement in vield estimates is very remarkable
and helps to establish confidence In the method of estimating vields
from the 20-beet sumples. Eight was considered o very small number
of samples from which to draw conclusions. If tims had permitted,
at least twice as many samples would have been talen. A.lthou[;h
the 20-beet samples were intended to give only the approximate yield,
yet their accuracy was such that there can be little doubt about the
results on the Wight farm. The yield per acre was nearly doubled
by the use of the resistant seed. Although the difference in sucrose
percentage was nearly 1 per cent, in favor of the commercial brand, the
sucrose percentage of the U. 8. No. 1 variety (18.13) was acceptable.

# Actunl stand as determined by connts in the Biocks was usad a3 a factor in arriving =t these values,

# This record was taken by A, N. ‘Wight with the cooperation of the Utah-Tdaho Bugar Co, ‘The figures
were cbtained through the courtesy of J. P, Helmpgreen, fleld superintendent, Utak-Idake Sugar Co,,
QGarland, Uiabh, ThLé total yield for the F, 5. No, 1 voriety was 34,323 pounds and for the commercial
brand 18,112 pounds, sod aceording to measuraments taken by the writers 1.05 ocres were davoted to each,
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COMPARATIVE DATA ON YIELDS

The final determinations of yields of beets and sugar are shown in
Table 14. The actual data afford a measure of only the averaﬁe
weight per beet; but in order to compare the performance of the
resistant variety and commercial brands, two columns of additional
data have been caleulated, namely, the yield in tons per acre and
the yield of gross sugar in pounds per acre. As a basis for these
calculations it seemed best to assume that a perfect stand (26,136
beets per acre) occurred in all eases. This basis is somewhat unfa-
vorable to the resistant variety in most of the cases where curly top
appreciably affected the yield, beeause the disease often reduces the
stand and to a greater extent in the commercial brands than in
the resistant variety. A striking example of this is shown in Table
12. A comparison of yields on the basis of actual stands is, however,
apt to be confusing where differences in stands are due to factors other
than the disease.

TabsLE 14 —Resulls from grower-lest plantings of the U. 8. No. 1 variely and com~
mercial brands in Ulah and Colorado in 1951

IData represent averages based upon 2(-beet samples irom replicated blocks of each variety]
¢4} IRRIGATION WATER ADEQUATE; MEDIUM TQ SEVERE CURLY TOP

Date of Weight| Yield | g, { Oro%
plant- Variety per per A
ing begt ! | acre?

crose 1

Pounds
S0 o s H S LB
A, M, Reeder___||Dippe_______. 141

Difference. LI 1]

Coringe, Utah____

. 1.47
C. Christensen... 112
Difference....__.| %35

T.8. No. Taaeomee o - 1.49
A, N. Wight.__.||Frivleriksen._ .0

Differenca,,  woeeaoen| 858 . . 2, 505

U, 8 Mo, 1aaan 1.08 4, 968
Frederiksen .45 X 2,00

Tremonton, Ttah

C. W. Summers.

Differetice. 563 . N 2,873

[C. 8. Koo 2.08 . &, 209
Lewiston, Utah...| Apr. 25 | D. Butters iR”“G- Fioneer. 1.7 7. 185
Differcnes, L34 -7 1024

! Determined Irom 20-beet samples hervested a5 explained in the text.

1 Celeulated on tha hasis of a 100 per cent stand (26,134 beets per acre) by multiplying average weight
per heet in pounds by 28,136 and reducing to tons,

1'The writers are indebted (o the Utah-Tdsho Sugar Co. and to the Gunnison Sugar Co. for analyses
made in connaction with this work.

t Dietermined hy multiplying yield per acra in pounds by nveruye sucrose percentage, hence it may
differ slightly from o welghled average,

4 Bhowy stafisticn! odds of 30 to 1 by Btadent’s method of analysis (1, /0) thet a difference as great as this
wa3 oot due to chance slone.
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TavLe 14.—Resulls from grower-test plantings of the U. 8. No. 1 variety ina come
mercial brands in Ulah and Colorads in 1931—Continued

B) IRRIGATION WATER EXTREMELY INADEQUATE; VERY LITTLE CURLY TOP
AT ASARCO FARM AND B. TAYLOR'S; SEVERE CURLY TOP AT N. P. ANDEREON'
AND L. SPAULDING'S

Croes
Date of Welpht| Yield

Locallty plant- - | sugar
ing per

. B. No.
Asarco farm.. ..|]Elite Braune . _____...

lU No. 1

Difference_
Megne, TUieh

Ellte Brnune,

{U. 8. No, 1

. LLI: P 0 T W .67
Elsinore, Gtah .| Apr. 15 | N. P. Anderson. Strube - 53

514

)
Hooper, Utah____| Apr. 27 | L. Spaulding.._. -46
37

T
Apr. 4 1.9 a5, 2

{ | I8 24

Difference._____.___ | — 04 —.4&

— e
He

Nt el
. | EmEE e
to | e || = | cars

147
May 26 3 lElite Braune, 1.32
Diilerence .15

; U. 5. Np. 1 ].-li
Bnll}‘alh.?ke Cily, Apr. 14 | M. Park J].=:1i1»e Branne____._. | 142

Ditferentve .. ..____.. L0

! Bhows statistical odds of 30 101 by Btudent's mathod of anulysis {f, 10) that a difference g3 great g
this wus not due to chonce alone,

Table 14, A, shows the results from 2 farms at Corinne, 2 at Tre-
monton, and 1 at Lewiston.® The districts at Corinne and Tremonton
have come in recent years to have the reputation of being bad curly-
top areas. Presumably the beet leaf hoppers reach these areas first
in the course of the migration into the Bear River Valley. Lewiston,
in Cache Valley, has not experienced heavy injury so often, but more
or less damage has frequently been reported there. On all five farms
the yield from the U. S. No. 1 variety was significantly greater than
that from the commercial brands. Most of the yield comparisons
are very clear cut. The 20-beet samples must have been Very repre-
senfetive because of the remarkable uniformity,

Student’s method (70) was used in analyzing the results, This
was chiefly o matter of convenience, however, because the correlation
between pairs was very small. The odds ugainst the difference being

® The harvest ot Bullers' farm was completed by T, O, Culbertson, nssistant agronomist, DIvision of
Bugsr Plant Invesl.tiﬁnlluns. and theanulyses were made hy the Amalgumated Bugar Go. ‘The yield record
secured oa the Spaulding farm was likewise taken By I. O. Cuiberison,
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due to chance were very great st Reeder’s, Christensen’s, and Sum-
mers’ (over 2,000 to 1); at Wight's, 832 fo 1; and at Butters’, 103
to 1. 1In estimating the odds, the difference is referred fo as either
plus or minus. Probably the most striking field demonstration was
on the Wight farm, where the actual yield was nearly doubled by the
use of the resistant seed. -

The percentage of sucrose for the beets from the farms listed in
Table 14, A, except the Summers’ {arm, was significantly lower in the
U. 8. No. 1 variety than in the commercial brand. Larger beets,
however, were used in the samples taken for analyses of the U. S,
No. 1 variety. In each case the gross sugar per acre was very mate-
rially increased by the use of the resistant seed.

Table 14, B, shows three cases where the sucrose percentage of the
U. 8. No. 1 variety was very much lower than that of the commercial
brand. At Asarco farm there was a difference of 2.2 per cent in

FrzURE 8.—Grower-{est planting on the Andersen farm ot Elsinore, Utal, showing the U, 5. No. 1 varjely
ln-it tit‘;a right and a commercial brand (Strube) st the lefl. Flanted April 15, 1931; photographed Anpust
. 1831 -

favor of the commercial brand. This exceptionslly low sugar con-
tent may be partly explained by the nature of environmental condi-
tions during the summer. At Asarco farm there was an excellent
stand of beets in most of the field. Conditions were optimum for
g thrifty growth until the middle of July, and only a very small
percentage of beets showed symptoms of curly top. Very suddenly the
weter supply for irrigation was shut off completely. The field became
drier and drier until the leaves wilted down almost completely every
day. At this time, o fairly marked contrast was apparent between
the U. S. No. 1 variety and the commercial brand. Especially in the
driest portions of the field, the U. 5. No. 1 variety seemed more
resistant to the drought. It maintained a darkcer green color and in
general a somewhat better appearance. This difference in reaction
to an inadequate supply of moisture presumably accounts in sorae
way for the marked difference in the sucrose percentage. '
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The 8. Taylor farm, at Magna, was within a short distance of Asarco
farm and was affected by similar conditions as regards water. Here
also the percentage of sucrose was exceptionsally low in the U. 8.
No. 1 variety. At the N. P. Anderson farm, at Elsinore, the drought
was very severe during most of the summer, but more especially
during the first part of the growing season. Although the U. 8, No. 1
variety was less injured by eurly top than the commercial brand
(Strube), as shown in the photograph taken August 14 (fig. 6), the
yields obtained were so strongly influenced by the water shortage as
to nullify largely the advantage arising from the resistance of the
U. 8. No. 1 variety. Table 14, B, shows very low yields at the
Anderson farm, and again the sucrose percentage of the U. S. No. 1
variety was exceptionally low.

Through the courtesy of W. A. Shands, assistant entomologist,
Bureau of Entomology, United States Department of Agriculture, at
Grand Junction, Colo., two plantings were made possible in the
Grand Valley of Colorado. Mr. Shands was well informed regarding
invasions of the beet Jeaf hopper in the Grand Valley, and the plant-
mgs were located where considerable damage occurred in 1930. In
1931 migrations of leaf hoppers were known to have oceurred, and the
insects were observed in considerable numbers in both fields where
the plantings were made. Nevertheless, the percentage of curly-top
infection was light and seemed to be of a very mild type. At the
end of the season, the observation of one of the writers {Owen) was
that there was no appreciable damage from curly top in either the
commercinl brand or the U. 8. No. 1 variety. Table 14, C, shows
the results of both of the Colorado plantings. There was no sig-
nificant_difference in yield between the commercial brand and the
U. 8. No. 1 variety, and the percentage of sucrose was practically
identical,

The grower-test plantings in Utah and Colorado have tended to
confirm the resulis of the preliminary tests. Generally the sugar
content was within close range of the commercial brands, but in three
instancey: because of severe drought, the difference in sucrose per-
centage Was 1.1 to 2.2 per cent, in favor of the commercial brands
used as checks. It is believed, however, that this condition was
exceptional. Furthermore, it would be entirely impracticable to
attempt to grow sugar beets without a better supply of moisture than
was available in the three instances referred to.

COMPARATIVE DATA ON GUALITY

A question of vital interest to the manufacturers of beet sugar is
the puzity of the juice. An effort was made, therefore, to secure
extensive data on the apparent-purity coefficients of the U. S. No. 1
beets in the various plantings. Table 15 shows that in some cases the
apparent purity for the U. 8. No. 1 variety is somewhat higher than
that for the commercial brand and that in other cases it is slightly
lower. As none of these differences is statistically significant, it
seems safe to conclude that the apparent purity for the U, 8. No. 1
variety is fully equal ¢to that of the commercial brands used for
comparison,

101133°— 33}
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TaBLE 15—Apparent purity of the U. S. No. I zartely compered with thal of
commercial brands

Apparent purity Number
of corn-
ariscns

tween

COMMmer-

7. 8. Xe. 1 |Commercial| HiTerenve ! chl asnd

Ne. i

Grower

=

Corlnne, Ttah {4, M. Rteeder

e

tremonton, Utah C. W. Summers._....
Asgnn, Utsh Asareo {arm
L

18, Taylor

Elsizore, Utab ... }\L}]}E"E\ l;ga, e
. H. Talbert_.

Fruits, Colo. { e

Balt Lake City, TUtah M. Park

Welghtad nverage. ..

[T S

w | Mt

&

B BB2nRBEBE8
=N LR Ry = L) L

2| BEINRRBUS:
| Rl C I DR ] - 1D

L)
5
i

! When the commercinl excends U. S, No. I o mints sign i5 osed.

SPECIAL DATA ON U. 8. NO. 1

BOLTERS

Wherever the plantings were made early and cold weather occurred
during germination, & few plants of the U. 8. No. 1 variety were
observed to form seed stalks. Occasionslly & bolter was observed
also in commercial brands, but not nearly so frequently.

On the station plot at Salt Lake City, Utah, the first plantings were
made on March 23 and 24, 1931. This was & very early planting for
this loeality, and the weather became very c¢old during germination
and early growth. The result was a fairly high percentage of bolters
among strains that had a tendency in that direction. The bolters
wore undoubtedly in higher proportion here than in any of the grower-
test plantings in Utah or Colorado. Out of 1,857 plants in the Salt
Lake City plot, where condifions favoring bolting were most pro-
nounced, 24, or 1.3 per cent, of the U. S. No. 1 variety produced
seed stalks in this abnormal manner. Under the same conditions,
among approximately the same number of plants, there were only two
bolters in & commereial brand (Pioneer}. In later plantings there
was a very decided decresse in the percentage of bolters. Dven
specigl strains, selected for genetic investigations, that bolted over
50 per cent in the March 23 planting, did not bolt at all when planted
May 19. In plots on the same field at Salt Lake City planted April
20 there was only 1 bolter among 646 plants of the U. 8. No. 1 variety.
In a planting made May 19 there was no bolting whatever. From this
exparience 1t would seem that the small amount of bolting which
cceurs in the U. S. No. 1 variety, while noticeable, is of almost negli-
gible economic importance and is not likely, under Utah conditions,
to be & factor in any but extremely early plantings.

YARIABILITY

As previously stated, the U. 8. No. 1 variety was produced by com-
bining various strains selected on the basis of curly-top resistance and
commercial quality. Under conditions of severe curly-top infection,
some plants of the U, 8. No. 1 variety are rather susceptible; the
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majority, however, show a tolerance that is in decided contrast with
that of commercial brands; and a few individuals seem to have a very
high resistance.

The presence of these apparently extremely resistant individuals
m the U. 3. No. 1 variety was first observed in experimental plantings
in 1930 near Castleford, Idaho.”” Of these, the writers selected the
most outstanding individuals, seed from which has now been pro-
duced and was subjected to critical tests during the summer of 1932.

Although the resistant plants selected at Castleford in 1930 ap-. .
peared to be absolutely free from curly top while exposed to an
extremely bad epidemic, yet soon after the roots were set out as
mother beets the following spring severe cases of curly top developed.
Some of these especially resistant individuals also showed conspicuous
vascular discoloration in the root. It seems possible, therefore, that
part of the apparent resistance may have been due to some environ-
mental influence. A great many more selections were made in 1931,
however, and the breeging work will soon indicate whether or not some
of this apparently high resistance is truly heritable.

In these extremely resistant individuals there was 2 tendency for
the root to be somewhat sprangled and for the crown to be large and
of poor proportions. However, there were some very well-shaped
rools among them, especially in the smaller individusls. Some
individuals reached a large size, 8-pound to 10-pound beets being not
at all uncommon.

Th: sugar content of these especially resistant large beets is also
of considerable interest. Douglas Scalley, district manager of the
Utah-Idaho Sugar Co., became interested in this point, and from the
A. N. Wight fann at Tremonton, Utah, be secured thres of the largest
beets he could find. After removal of the crown, the average net
weight per beet of these three beets was 4.5 pounds. The analyses
as compared with analyses of 20-beet samplesof the U, 8. No. 1 varlety
and the commercial brand Frederiksen, made at the Garland fac-
tmg, are shown in Table 16,

uring the harvest at the Wight farm, 30 of the especially resistant

beets were taken by the writers for mother beets. The analyses of

}.‘)I}‘mbsf bee!;ns in comparison with the agronomie samples sre given in
able 17.7

TanLe 16~Comparison of three large, highly revistani sugar beels (U, 8. No. 1
variety) with foeur random 20-beel samples of the U. 8. No. 1 variety and g com-
wmercial brand (Frederiksen), taken from the Wight farm, Tremorion, Ulah, in
1951

{Anaiyses were matie at the fBactary st Guarlang, Giah}

Avernge
Daia weight | Sucrose
pwer beot

Poundx * Aer eent
1.4 18.8
1.48 18.0

3 especially large boels of U, 8., No. Lo 4 50 6.5

Handom 20-bent sumple of commerclat {Frederiksen) . oo oo oooeeooe L.
Iiapdom 20-beet sample of U. 5. No. -

= Gelecled by Douglus Scalley, distriet mansger, Utah-Idaho Bugar Co.

" ¥ Experimoatal plantiogs mode by C. E. Cormany,
U ALl figures wers obtuined through the courtesy of J, 2. Holmgreen of the Utah-Idaho Suger Co,
1 These analyses wers made ol the Qovernment Inboratery at Salt Lake City. Contparisons can oot ba
tuade directly with Table 14 becousa fn that tuble gnalyses thade by the Utah-fdalc Sugar Co, at Garland
and those made at alt Lake City are avernged together,
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Taprwe 17.—Comparison of 30 highly resisiant sugar beets (U. 8. No. 1) with
four random 20-beet samples of the U. 8. No. ! vartely and a commercial brand
{Frederiksen), iaken from the Wight farm, Tremonton, Utak, in 1831

A\'e}sge
weight
per beet

Pounds | Per cent
0.8 144

Random 20-beet sample of cornmercial {(Frederiksen)
Raadom 20-beet sample of U, 5. No. I ... L5
30 especinily resistant Beets of U, 5. No. b oo mmmr v v e mma s 13.9

1 The svernge welght per beet of the 30 especinlly resistant beets, ineluding the mown, wag 4.6 pounds.
Assuming that 20 per cent of Lhe beel would be tojspesd olf in commereis! practice, the epproximate syerego
welght per beet, comparable to the other weights given, would be 3.9 pounds.

It will be noted that the results secured from the 30 especially large
_beets are not so favorable as those from the 3 taken by Scalley. The
former averaged only 15.5 per cent sucrose, whereas the latter aver-
aged 16.5 per cent. Nevertheless, when one considers the large
size of some of these outstending individuals (average weight, 3.9
pounds per beet) 15.5 per cen$ sucrose seems acceptable. Mention
might also be made of the variability of the sucrose percentage
among the 30 large beets. The individual having the lowest sucrose
percentage weighed (with crown) 6.2 pounds and contained 11.4
per cent sucrose. The individual showing the highest sucrose per-
centage weighed 4.1 pounds (with crown) and contained 18.4 per cent
sucrose. One exceptionally fine beet weighed 5.2 pounds (with crown)
and had 17 per cent sucrose. The largest beet in the group weighed
9.3 pounds (with crown) and had 14.4 per cent sucrose.
By selecting the most resistantindividuals and those having the best
shape and sugar content, it is hoped to develop a much better strain
of beets than the present U. 8. No. 1 variety.

COMPARISON OF FIRST AND SECOND GENERATIONS

Of considerable importanee is the performance to be expected from
suceessive increases of the U. S. No. 1 variety reproduced without
continued selection. In the present study tﬁe investigators have
utilized the overwintering-in-the-field method of seed growing in which
the seed is planted in September, the plants overwintered in the field,
and the seed crop obtained in the early summer of the following year.
This appears to be o practical method for growing seed in those por-
tions of the United States where the winter conditions are mild (11),
but it does not permit of any selection of mother beets.

All investigntors who have experimented with the U, 8. No. 1
variety recognize the desirability of further selection and breedin
work with this and with other promising selections. Continue
effort is being made by Government workers and sugar companies in
this direction. Nevertheless, a very vital question must be decided
in connection with the tmmediate utilization of the new variety.
Only a few hundred pounds of the first increase of the original U. 5.
No. 1 seed are available. Will the succeeding generations maintain
the standard sufficiently to make it worth while to reproduce second,
third, and even fourth direct multiplications?
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From a theoretical standpoint, provided no unrecognized sclections
&re taking place, it is difficult to see how a few generations of Tepro-
duction with full random mating could change the general constitu-
tion of the population of plants that make up o variety such as the
U. 8. No. 1. A careful observation of a field of sugar heets grown for
seed, however, reveals the fact that full random meting may not be
.entire. ¢ possible. Even from transplanted mother beets there is 2
“strong” tendency for s certain percentage of the plants to flower
carlier than the average and set seed in abundance: while other plants
begin flowering later than the average, and many of these contribute
very little or nothing to the following generation or “increase’ of
seed. With seed produced by overwintering plants in the field, this
point is of particular interest because among closely spaced plants
there is & very wide variation in time of flowering. What effect this
uneven distribution in seed production has on the quality of the off-
spring can be determined only by experimental evidence. The great-
est danger would appear to he In an increased percentage of plants
that have 2 tendency to bolt, which is already an undesirable char-
acteristic of the U. S. No, 1 variety. It is hoped, however, that un-
desirable tendencies will not be multiplied to an appreciable degree
while the variety is being propagated to meet an emergency.

In 1931 an eflort was made t0 secure preliminary data on the be-
havior of the first generation from the U. 8. No. 1 seed as compared
with a second generation (otherwise referred to in this paper as
“first increase ) reproduced at St. George, Utah, by the overwinter-
ing-in-the-field method. An effort was made to arrange plantings
of the first and second generstions of the U. S. No. 1 variety in such &
way that a very crit;icrf comparison could be made. In order to have
as many replications as possible, small plots were used. Each plot
was made up of four rows 25 feet long and 20 inches apart. The
plots were replicated up and down the field in a foll random arrange-
mect (10). A third strain, the commercizl brand Pionecer, was used
as a check. Only the two center rows were used for the harvest
record. Ten replications were made at Salt Lalke City, 10 at Granger,
and 6 at Logan. At Granger a very severe epidemic of curly top
was brought about by planting diseased mother beets in the vicinity
of the experiment. At Salt Lake City curly top became severe during
the latter part of the summer, but a very vigorous growth had already
been made, so the disease did not have a marked effect upon the
yield. The Logan planting was situated on the Greenville farm of
the Utah Agricultural Fxperiment Station, where there was prac-
tically no demage from cwrly top. Table 18 gives a very brief sum-
mary of all the results.
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TasLe 18.—Comparison of the first and second generations of the U, S. No. I variety
with a commercial brand (Pioneer) in Ulah in 1981

[Results represent averages from the teplicated plots]

Yleld per acre Sucrose

T.8. No.1 U.8. No. 1
Repli-

ca-
tiens?

osecné First
gener- _{ gener- Difference !
ativn ptlon

b s

. ¥

.05 . 40
.50 | 24

Welghted ov-
CIGES. - — . 134 . 45

1 A sample of 2) normally competitive beets was taken Irom the 2 center rows of each plot for apnlysis,

wi:;;:llho ::et;p:ion of the Granger plots, whers 2 plots were required for o 20-beet sample of nermally com-
petitlve ¥

! Tha odds necessary for slgnificance are considered {0 he spproximately 30 to 1. In estlmating these
odds, sverage stanndsrd devistions wers caleulated necording o the methed outlined by Student {3 snd
Student’s tables published in Metrop (#) ware used i Jderiving the odds.

1 The probable errors Were derived by considering the regults in pairs, I. a., the third variable {the com-
mercial variety} was not considered In this comparison. By working otit an avercge varianoe lneluding
{tihaothird strain o slightly smslier probable error was secured for the Salt Lake Clty plot {0.423 instead of

K Af)pmximntion derlved from the sucrose in the juice, The comimercial beats (Pionser) on the Qrunger
plot wers t00 small 1o rasp and tun with the cold-water-digestion method. For the other secrosa deter-
minatjons the Sachs-Le Docte cold-water-digestion method was used,

Table 18 shows that the acre yields of the first and second genera-
tions of the U. 8. No. 1 variety were slmost identical. With the
exception of the Logan results, there was, however, a very decided
increase over the commercial brand Pioneer. At Sslt Lake City the
difference in sucrose percentage was 0.61,%° In favor of the second gen-
eration; at Granger the difference was 0.60, in favor of the first
generation. At Logan the sucrose percentages for the two different
generations were practicelly equal.

No differences in bolting tendency were ascertained. Ju the entire
test there were 8 bolters in the first generation of . S. No. 1 variety,
1’2; boiit,ers in the second generation, and 1 bolter in the commercial

rand.

It 3s perhaps unforfunate that s still more extensive experiment was
not carried out, but from the results available the second generation
of the 1J. 8. No. I variety does not appesr to be significantly different
from the first generation.

More experimental evidence is highly desirable, especially from the
third, fourth, and fifth generations of this seed, reproduced in the
same manner as the second generation, that is, by overwintering the
plants in the field and without any selection. This method, moreover,

# On the plots st Salt Lake City o great denl of ElMculty was experlenced in securing irrlgatlon water
duriog the surpmer, ay the supply of waler was ahways exhausted befors it resched the end of the rows,
This irregular Irrlgation seemed to affect the percentago of sucrose even more thmn the yield. The sucrose
percentages for the Salt Lake Clty plols were so extremely variuble that the $iiference batween the two
generutions of the U. §. Mo. { vorlely {0.01-+£0,54) wos less thoo twlce fts probabie error and was wholly
lml?%nt. The difference In sucrose peroentoge vt Graoger (0.00::0.24), however, Indicated much lesz
[ .
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if the results proved satisfactory, would be especially suitable to
American conditions.

At various times the sugar-beet compsnies in this counfry have
grown their own seed from commerciel brands imported from Kurope.
Hrequently these incresses have heen made without any effort at
selection. Generally good results have been reported, but it iz un-
fortunate that more experimental evidence is not available to show
whether the seed of the second generation was genctically inferior or
superior to the parental material,

eant A, Pack became interested in this problem, and initiated two
experiments. In 1929 commercial Braune seed was secured, and »
random semple wes taken for increasing at St. George, Utah, by
planting in September and harvesting the next spring. The prog-
enies from the St. George increase were compared with the parental
seed on the experimental plots of the Gunnison Sugar Co. m 1930.
Stands were not sufficiently comparable to enable one to judge yield-
ing ability, but eight 5-beet samples from eech failed to reves any
significant difference in percentage of sucrose. A sample from a lot
of Pioneer was grown in s similar manner at St. George in 1930.
This seed was compared with the parental Pioneer in 1931. The
plan of the experiment was very similar to that described for the two
generations of the U. S. No. 1 varietv. There were 10 replications
at Salt Lake City, 10 at Granger, and 6 at Logan. There were no
significant differences in yield. At Salt Lake City there was e dif-
ference of 0.66 +0.20 in sucrose percentage, in favor of the orivinal
German seed, but 2 high probable error is associated with the differ-
ence for reasons «iven in footnote 30, page 38. At Logan there was a
difference of 0.25 in sucrose percentage In favor of the parental seed.
At Granger the two generations tested exactly the same in sucrose
percentage.

The results of these tests indicate that, conirary to commeon belief,
the second generation of sugar-beet seed from cominercial brands does
not immediately show great deterioration in the quality of the sugar
beets produced. This conclusion seems justified also by the genetic
considerations involved.

TESTS IN CALIFORNIA

Agronomic-eveluation studies on the curly-top-resistant variety
U. 8. No. 1 have been conducted in California for two years. In
1930, the trial plantings were located at Shafter and Bakersfield, an
ares where the beet leaf hopper breeds abundantly and where any

lantings of beets are almost invariably subject to heavy infestation.

eet culture was sterted & number of years ago on & large scale in this
portion of the San Joaquin Valley, but after the disestrous outbreak
of 1919 was abandoned,

The tests conducted in 1931 were on a more extensive scale. In
confecence with A. W. Skuderns, it was decided to distribute the
agronomic tests and the grower-test plantings in such a manner that
the U. 8. No. 1 variety might be studied when exposed to different

# Contributed by Charles Price and Eubanks Carsner. ‘The experimeantal work at Bakersfeld, Button-

willow, Chine, Dios Palos, Firohaugh, Ouxnerd, and Bhefter was conducted by Price. The grower-tost
lantings in the central California arsg ware handled by Camsner. Acknowledgment |s dus Gleon E.
Nespie, sclentife alds, for sssistance in the work conductad by Price,
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degrees of curly top and when not exposed to the disease. The
localities chosen and the curly-top hazard fo be expected in each were
as follows:

Oxnard.—In this locality losses from curly top are usually so slight as $o be
negligibie, :

hino.--The curly-top disease in this aren is more scvere than at Oxpard;
the most scvere outbrenks have caused scrious losses. The crop damage ordi-
narily caused by the disease may be classed as slight to moderats.

Shafter, Buttonwiliow, Bakersfield, Firebaugh, and Dos Palos.—These places
in the San Joaquin Volley were selecied because of their location within the
breeding ares of the beet leaf hopper. Sugar-beet growing had been carried on
from time to time, ond factories had been established in the southern portion of
the San Joaguin Valley., These had been ahbandoned for 2 number of causes,
among which the curly-top disease was undoubiedly of major importance, and
it was commonly couceded that supar-bect growing in the entire southern srea
of the valley was extremely hazardous.

Manteeca.—This districl, af the northern end of the San Josquin Valley, is
prectically on the edge of g vast leef-hopper breeding aren and has regularly
suffered heavy losses from curly top.

Union Istand, McDonald Island, and Clarksburg.—These districts are in the
same general area. Clarkshurg is in the lower Sacramento Valley; Union Island
and MeDonald Islend are in the delis of $he Sun Joaguin and Sacramento Rivers.
These areoas regularly experience some curly-top dameage, and someiimes the
damsage is very grond.

King City —Thia area, in the southern Salinas Valley, has suffered severely and
rather regularly for many yenrs.

The tests undertaken have been of two sorts: (1) Intensive agronom-
ic tests In which close evaluantion was attempted by means of small
plots frequently replicated, and (2) test plantings, usually in coopera-
ticn with a locsl grower, in which dirvect comparison of the U, 8, No., 1
variety with o commercial brand was obtained by planting & series of
alternating strips of the two sorts under considerstion in fairly large
field plantings. In two of these tests, several planting dates were
used 1n order to provide vartous conditions of exposure.

INTENSIVE AGRONOMIC TESTS
TESYE AT SBAFIER

The tests at Shafter were condueted from February §, 1930, to
July 8, 1931, on land secured from the United States Cotton Field
Station. In the first test the seed, which was planted Feburary 6,
1930, was of the following types: Seed of the U. 8. No. 1 varlety
produced from the mother beets selected in 1929 at Twin Falls, Idaho,
(p. 9); seed of a comunercial brand (Old Type); and seed of another
strain. Since only the comparison of the U. 8. No. 1 variety with the
commercisl brand is of interest in this investigation, the data given
herein refer only to these two lots.

In the 1930 test each plot consisted of four rows 60 feet long and 24
inches apart. The plots were arranged in four randomized blocks,
thus furnishing four replications of the three seed lofs. A stand of
approximately 100 per cent was obtained in this planting. The yields
were determined by weighing all the beets in a plot. Sucrose per-
centage and coefficient of apperent purity were determined on five
10-beet samples of normally competifive beets (p. 12) taken from the
center two rows of each plot. The results as given are averages of the
individual determinations. (Table 19, A.)
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. . Tapie 19.—Comparison of the U. 8. No. 1 variely wilh a commercial brand (Old
o Type) at Shafter, Calif., in 1950 and 1981

- _'{Dntn "reprcSOnt averages from replicated plots ench consisting of 4 rows:160 foot long and 24 inghes apart]

Suynr per acre
Yield Coefll- ¥

. o ciant of
Year and riety Plotg glcil'; Sucrose apperent Indignted
purity | Gross | coiohle

-

(A) 1530: Tone | Per cond Poundy

U. 8 No. i 4 23,073 1697 3 73

’ 20 58 18. 60 3 4, 328

Diflerence. — 2. 505 7 . 9kl
1631 :

T. 5 N, | 7,395 15, 20 a0, 2,240

L 4.028 14. 50 3 1, 1GR

3. 300 S L 1,081

Commercial (OJd Fype)

(B)

The yields obtained were high, doubtless because of the compara--
tively mild curly top of the 1930 growing season. On April 2, 3 per
cent of the U. 8. No. 1 variety and 27 per cent of the commercial
brand showed mild cwrly top. ” On June 7, 5 per cent of the U. S.
No. 1 variety and 40 per cent of the commercial brand showed mild
curly top. T wasnoted at the close of the season that the 17.S. No. 1
variety remained green, whereas the commercial brand was beginning
to turn yeliow,

The average yield of the U. S. No. 1 variety was greater than the
vield of the commercial brand, the difference being 2.505 toms per
acre. Because of the range of values obtained in the individual
plots, it is doubtful whether this difference is significant. The sucrose
percentages and the apparent-purity coefficients were not signifi-
cantly different. The greater sugar-per-acre yield for the U. 8, No. 1
variety was due to the higher tonnage for that vauiety,

In the test at Shafter in 1931, five seed lots were used, each of which
was replicated five times. The plots were arranged in a Latin square.
The planting was made from February 3 to 6.

The five seed lots consisted of the three increases of the original
seed stock of the U. 8. No. 1 varisty, a commercial brand of seed
(Old 'T'ype), and seed of another strain.,

heavy influx of beet leaf hoppers occurred just after thinning
when the beets were in the 8-leaf stage. On April 4, counts of leal
hoppers showed about one leaf hopper per plant. At this time no
disease was evident in any of the plots. ~Later examinations showed
the following average percentages of infected plants: For the U. S.
No. 1 variety, 1, 34, and 95 per cent; and for the commercial brand,
13188, and 100 per cent, on April 17, May 3, and June 8, respectively,
After June 8 the curly-top percentages remained fairly constant.
At this time distinct yellowing was shown by the commercial brand,
In contrast o the green color of the U. S. No. 1 variety.

Unfortunately, the garden nematode was generally present through-
out these plots and greatly affected the yields obtained. At the
time of harvest an attempt was made to secure comparable samples
for determining yield and sucrose percentages from the normally
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;c?mpet.itive beets showing the least nematode injury in the various
Plota. :

No significant differences were found among the three seed lots of
the U. 8. No. 1 variety produced in Utsh, California, and New
Mexico, respectively.®> The date given represent averages of the
15 plots of the U. S. No. 1 variety ss compared with the average of

_ ‘the commercial brand used as a check. (Table 19, B.)

Conclusions from this test ars presented tentatively because of the
nematode complication, which prevented accurate evaluation of the
extent of curly-top injury. Assuming e fairly uniform effect of the
nematodes, as seems justified from the field obgervations, and taking
into consideration the attempt made to choose the plants least

- affected, the yields may be considered fairly indicative of the per-
formance of the U. 8. No. 1 variety as compared with that of the
commercial brand. The yield of the resistant variety was signif-
icantly greater than the yield of the commercial brand. Only the
three f)lot.s highest in yield of the commercial brand equaled orexceeded
the plot lowest in yield of the U. 8. No. 1 variety. The average
sucrose percentages showed o difference of 0.7, in favor of the U&%
No. 1 variety, a difference found not to be sjﬁniﬁcant. Similarly,
the coefficients ¢f apparent purity were practically equal. The yield
of sugar per acre, in which weight, sucrose percentage, and the
coefficient of apparent purity enter as factors, was almost twice as
great for the U. 8. No. 1 variety as for the commerecial brand.

TESTS AT BAKERSFIELD

In order to compare the performance of the U. 8. No. 1 variety
with that of a commercial brand, plantings were made in 1930 and
1931 near Bakersfield, Calif. .

The 1930 tests were made with seed from the original selection of
the resistant variety. The commercial brand used as & check was
Old Type. Because of the limited amount of land available, only
one plot was plented to each variety. Each of these two adjacent
%}ots consisted of eight rows 160 feet long and 24 inches apart.

he experiment was conducted under optimum conditions of soil,
moisture, and fertility. Because of the early date of plenting
(January 6) the plants did not suffer maximum damage from curly
fop. On June 4, when the plants were 5 months old, 27 per cent of
the commercial brand end 5 per cent of the U. 8. No. 1 variet
showed curly top. The type of curly top wes considered mild.
The yield dats were obtained by harvesting the entire plot. Deter-
minations of sugar percentage ard of coefficient of apparent purity .
were made on five 10-beet samples of normsally competitive beets.

The resulis of this test are given in Teble 20. It willp'be noted that
under the eunditions of this experiment the commercial brand exceeded
the U. 8. No. 1 variety by 1.9 tons per acre in yield and by 0.8 in
gucrose percentage. The small number of plots did not permit
determination of significance in this experiment.

# Theap dats were computad by the snalysis-of-variance method but are not raported in detadl on gcoount
of the pematode copltication,
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TiBLE 20,—Comparisen of the U. 8, No. I variely with a commercial brand (Old
i Type), planted in January, 1930, af Bakersfield, Calif,

[Dats obtained from one plot for each varfety, consisting of eight rows 160 feat loxzg and 24 Inches apart]

Coofti- Bugar per acTe

Yield cient of
Variety : per acte spperent Indicated
puzity [ Gross |goaireits

Tons | Per cent Pounds | Pounds
T.8. No. 1 18.88 16.1 6,078 5052
Commereisl (Old Type) 20,80 LA . 7,030 5, 87

Difference —5L92 —.B . —B51 —T88

The 1931 tests at Bakersfield were made with the first Beaumont
multiplication of the original seed of the resistant variety. The
same general planting arrangement was followed as in 1930, except
that beets were planted on three dates (January 6, Tebruary 10,
and Maerch 3}, two plots being put out for each type under test.
Beet leaf hoppers were noticed on the plants as early as April 7.
The firg$ disense counts were made on April 17. The detailed readings
of curly-top incidence in these plots are shown in Table 21. The
January plantings showed very little curly top throughout the season
in comparicon with the later plantings. The Februar{ plantings
were more severely diseased then the January plantings but did not
show at the close of the season so high a percentage of curly tgf ag the
March plantings. In the March plantings the commercial brand
used ss & check was very severely affected, the disesse incidence
reaching 100 per cent on June 8. In the U. S. No. 1 variety 92 per
cent curly top was found at the time of this count.

TasLE 21.~—Percentage of planls showing curly top in the U. 8. No. 1 variely and
in a commercial brand (Old Type), at Bakersfield, Calif., tn 1981

IData represent averages {romm two plots, each consisting of elght rows 160 feet long and 24 fnches apart]

Percentage of plants showing
Date of curly top on—

Varlety planting

Apr. WY

N i
Commerclal (Gld Type). [
Gon Noéniﬂl'(b'm 3 do. 3

OHLITIET TYpe)- N 15
T.ANo Il _ N . 8
Commercial {Old Type)_ —- 25

1 First Beapmoent multiplication of origing! seed.
2 These counts were made June 8, 1031,

The yield data were based on normally competitive beets from the
center four rows of each plot. The yields per acre were computed
on the basis of a 100 per cent stand. Determinations of sucrose
percentage and coefficient of apparent purity were made from three
20-beet samples from each plot.

Table 22 shows that the U. 8. No. 1 variety outyielded the com-
mercial brand, especially in the plantings of February 10 and March
3, where curly top was an important factor. In the Mareh planting
the commercial brand yielded only 3.92 tons per acre, a yvield far
below the cost of production, whereas the U. 8. No. 1 variety yielded
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11.87 tons per acre. In sucrose percentage and coefficient of appar-
ent purity, the U. S. No. 1 variety, contrary to expectation, exceeded
the commercial brand in the February and March plantivgs. These
results seem to indicate that under the conditions of the test the
resistant types did not definitely tend to be lower than the com-
mercial brand in sucrose percentage or apparent purity. In yield
of sugar per acre, the U. 8. No. 1 variety exceeded the commetrcial
brand, especially in the February and March plantings. In indi-
cated-available sugar, the U. 8. No. 1 variety greatly exceeded the
commercial brand, except in the January planting.

Tapre 22.— Comparison of the U. S, No. 1 variely with ¢ commercial brand of
Bakersfield, Calif., in 1981

[Data represent averages from two plots, each consisting of eight rows 160 feet long and 24 Inches apart]

Coelli- Bupar per aerg !
Dateof | Yield cient of
Variety planting | per awre Suerose |ypnprent Iadicated

purity Gross available

Tons Per cent Pounds
U. 5. No.1 BT 13.4 7183 7. 471
Commereial {01 Typa) 2p. 89 13.7 78. 52 7470

Difference ] —.3 —.69 Hn
. 8. No. 1 . 216l | 1520 g.30] 748
Commearcial {014 Type). 1502 1415 70,89 4,25
Diflerence 0. Al 1.05 541 3.:1
U. 5 No.1 1187 L0 7L 53 3,495
Commereial {0ld T'ype) 3.47 13,3 Gl 92 1,42
B EIT | (170 1 TR, 7.95 .7 L&l 2,281

i Obtained by nveraging computed sugar ylelds for the indlividual piets; henca differing slightly from
the product of the means given in this table.

Because of the limited number of plots, it was not possible to
estimate statistically the significance of the differences found in this
test. It is very clear, however, that where curly top entered as an
important factor the trend was strongly in favor of the U. 5. No. 1
variety. As curly-top exposure in this experiment was much more
severe than is usually encountered by early-planted beets in Cali-
fornin, the performance of the U. 8. No. 1 vartety is noteworthy.

TESTS AT BUTTONWILLOW

Agronomic tests of the U. 8. No. 1 variety in comparison with a
commercizal brand (Old Type) were carried out at Buttonwillow in
1931.

Seed was planted on January 13 and ¥ebruary 12. For the
January planting the seed of the U. 8. No. 1 variety consisted of three
increases of the original seed stock produced at Las Cruces, N. Mex.;
St. George, Utah; and Beaumont, Calif., respectively. In the test,
these separate increases of the U. 8. No. 1 variety were treated as
individual varieties and data obtained from cach. The plots, ench
consisting of 8 rows 174 feet long and 20 inches apart, were planted
in 5 replications systematically arranged. Each replication consisted
of o block of four plots planted to the three U. 8. No. 1 increases and
to the commercial brand, respectively.

A heavy infestation of beet leaf hoppers, which occurred early in
April, resulted in very little injury to the January plants, because
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of the preference of the leaf hoppers for the younger plants (Febru- .
ary planting) and owing also to the large size of the January plants’
at the time of exposure and to the mild type of the disease. At
harvest time (August 7) there was 2 definite color contrast between
thilaI resistant variety and the commercial brand, the latter being the
Fellower.

The results of the test are given in Table 23. The three incregses
of the U. 8. No. 1 variety show no significant differences in average
weight of individual beets, sucrose percentage, or coefficient of
apparent purity. As corupared with the commercial brand used as
a check, two of the U. 8. No. 1 Iots were significantly * better in weight,
and one was on the border line of being significantly better. No
significant differences in sucrose ercentage between the U. 8. No. 1
lots and the commercial brand (Old Type) were found, one exceeding
the commercial brand slightly, and two being slightly below it. The
commercial brand had the higher coefficient of apparent purity, but
the difference in only one case approached significance. It may be
concludec that in weight of beets the trend is strongly in favor of the
resistant 7. 8. No. 1 variety and that there are no positive indiea-
tions of significant differences in quality, ’

TABLE 23.— Comparison of three tnereases of the U. 8. No. I variely with a com-
mercial brand (Old Type), planicd J anuary 13, 1951, al Buttonwitiow, Calif.

{Data represent averages from Gve plots, each consisting of eight rows 174 feet loog and 20 inches apart}

Coellicient Sugar per acte !
of

apparent Indicnted
purity Gross |\ oilabls

Welght of Yield
Variety individum | 1% per
beets i

Sucrose

TL 8. No. 1 increase: FPoyundn Fonx Frer cemf Povads | Pounds
(A} Peaumont, (alif. .. 3. E.;;.;tu 006,24 3200, 788]  34.88x0. 23| 7B 1240.57] 7 18g.c 199 5, 606121
1, 6890

(B} Kt George, Utnh, . . == OGER2 113 86 15204 (98] 75,8501 130 G, F36L314 5, 1841304
() Las Craces, N. Mex, %, 571 . 00020, 560 . 993 18, T4t . 73] 78 07e1 02 4, 0542277, 7164087
(D) Comrmercia) (O Type)_ |t S6is .ozsjis. 2PV L 106) 15104 .33 BLOO=1. 34 5, 487 - 2B, 240154

: —.29] —2 88 11,089 131,166
3 N —5. 15 11, 239 594
X —.3ﬁ| -2 73 557} 276

hl Gb%ﬁincd hy aversging individun} plot values; benes it differs slightly from product of megns given in
this tnhle,
t Sipnificant,

On February 12, plots of each of the U. 8. No. 1 seed increases were
planted alternately with check plots of the commercial brand (Old
Type). Each plot consisted of eight rows 174 feet long and 20 inches
apart.

The harvest record was obtained by determining the net weight of
all beets preduced in one plot of eachincrease of the resistant variety
and in two plots of the commercisl brand. This procedure was
necessary in order not to interfere with the harvesting operations of
the cooperator. In view of the fact, however, that there was no
significant difference among the three incresses of the 1], S. No. 1
variety, the three plots of the resistant variety harvested may be

# Ths probable ersor wos computed by Dessel's formuln:
xdi
iR E.=U.07{5‘/‘ﬁ':!—}'
Ii the difference betsyeen two means was three times its probuble error, it was regarded as significant.
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considered s replications. Yield per acre was computed from the
actual plot yield. The determinations of sucrose percentage and
coefficient of apparent purity were based on three 20-beet samples.
The results are given in Table 24.

TasLe 24.—Comparison of lhree increases of the U. S. No. I variely with a com-
mercial brand {0ld Type), planted February 12, 1951, al Bullonwillow, Calif.

Bugar per atte

Coeffi-

Yleld per clent of
acre apparent Indicated
purity available

Varfety

T, 5. No. 1 increase from— Tons

B 1t, Callf. . - 25, 242 . 78.12
St, George, Utah 21 425 . 75. 85
Las Cruces, N. Mex 17,272 3 7759

Avarage. . 21, 320 . T
Commercisl (0ld Type} 13. 026 B, 05

iffy . . B. 204 - —3. 80 2,532

Curly top injured this plenting considerably, especially the com-
mercialvbra.nd. An invasion of beet leaf hoppers occurred early in
April; on April 7 it was estimated that the population was about one
insect per plent. There was marked color contrast between the
resistant variety and the commercial brand as early ss April 2¢; the
commercial plants at that time were beginning to show a yellow color.
On May 3, 17 per cent of the commercial brand and 2 per cent of the
U. S. No. 1 variety were diseased with curly top. The disease
inereased sharply, and on June 8 both the commercial brand aad the
U. 8. No. 1 variety showed 100 per cent curly top.

The yields of the resistant variety in the January tests were very
closely ‘duplicated in the February planting. The yield of the com-
mercial brand in the latter planting was, however, sharply depressed
because of the more severe curly-top involvement. The quality of
the sugar beets was practically the same. The average sucrose per-
centage of the U. S. No. 1 variety slightly exceeded that of the com-
mercial brand, and the difference between the coefficients of apparent
purity was slightly in favor of the commercial brand. The computed
values for sugar per acre, both gross and indicated available, show
the marked differences between the resistant and nonresistant sugar
beets under curly-top conditions.

TESTS AT OXNARD AND CHINO

In an batensive agronomic test at Oxmard in 1931 comparison was
made of the results irom the three increases of U. 8. No. 1 seed, a
commercial brand of seed, and another strain,

The plots in this experiment were arranged in a Latin square. Each
plot consisted of four rows 73 feet long and 20 inches apart. The
planting was made on April 8, 1931.

The yield data were obtained from normally competitive beets.
Yield per acre was computed on the basis of a 100 per cent stand.
Sucrose percentage and apparent purity were defermined on three
20-beet semples of normally competitive beets from each plot. The
results given in Table 25 were computed from the dats by Fisher's
analysis-of-variance method (9). The significance of the differences
found has also been determined for certain dats,




TaBLE 25.—Comparison of threc U. S. No.

1 inéreases ﬁn'th a -commercial brand (Old Type) at Oznard and Chino, Calif., in 1981

Oxnard fest ! Chino test ? Avetageof Oxnard and Chino test

Sucrose

Sugar per ncre 3 Sugar per acre ? Sugar per acre ¥

Joefi- Coeffi-

cient of

appar-
ent

purity

clent of
appar-
ent

Yield

per fcre Indi-

cated
avafl-
able

Indi-
cated

avail-
able

Indi-

cated

avail-
able

QGross

U. 8, No. 1 incrense from—
Las Cruces, N, Mex.
Beaumont, Calif.
8t. George, Utah

Per cent
13.48
13.02
12.84 . 5,500

Pounds
5,954
6,173

Per cent Per cent,
14.08 7

14.48
1438 272 70420

Pourds | Pounds
0 6,804 | 5,044
7,145 | 6,208
6,360

) AVErnge. ..oooioonoas
Commercial (Old Type)

13.11
12.61

&, 878 14,31 7,153

8,171
5,253 13.34 6, 667

5, 704

Difference.

.60

625 .97 480

24 . .
Standayd error. -

. 4057

+B608 . 0190
650

Standard error of mean.._....

250

Btandard error of difference
Difference required for significance

354
708

1 Data represent averages from 5 plots, each consisting of 4 rows 73 feet long and 20 inches apart, planted Apr, 8.

? Data ropresent averages from 5
7 Obtained by averaging indivi

lots, each consisting of 4 rows 65 feot long and 20 inches apart s
ual plot values; hence it differs slightly from products obtained from the means given in this table.

pianted Mar, 10,

¢ z=one-half the differance between the natural logarithms of the variances for variety and error. The § per cent point for 2=0.5007; 1 per cent Point=0,8443,

SLETE YVDAS NI TONVISISAH d0I~-XT790D

if
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Curly top did not enter ss a factor into the Osnard tests, being
present in less than 1 per cent of the plants. The plots were severely

mjured by & general attack of the leaf-spot disease, and to this the
low sucrose percentage obtained throughout the test can safely be

assigned. .

'ﬁ\e arrangement of the plots and the statistical analysis employed
have permitted the determination of the standard error of the experi-
ment. This analysis reveals no significant differences among the
varieties under these conditions, where curly top was not a factor.
In sucrose percentnge and in coefficient of apparent purity the data
tend to corroborate the results reported from other ‘Cslifornia locali-
ties.

An intensive agronomie test, duplicating the Oxnard test, was con-
ducted at Chino in 1931, planting being made on March 10. In
this test comparisons were made of the three increases (made at
Berumont, Calif.; 8t. George, Utah; and Las Cruces, N. Mex.) of the
original . S. No. 1 seed with one another and with a commercial
brand {Old Type) commonly used in this area. The plots, each of
which consisted of four rows 65 feet long and 20 inches apart, were
arranged In & Latin square.

Curly top was but a slight factor in the experiment. At harvest
time the percentage of disease was small, and all cases were of the
mild type. There was considerable injury from the leaf-spot disease,
but this damage is represented by & reduction in sucrose percentage
rather than by a reduction in weight.

Deta from the plots were obtained from the center two rows, and
only normally competitive beets were taken. Acre yields were com-
puted vn the bosis of a 100 per cent stand. The determinations of
sucrose percentage sand coefficient of apparent purity were obtained
from three 20-beet samples of normally competitive bects from each
plot. Results are given as averages of individual readings.

From the date of the individusl plots it has been possible (by
Fisher’s analysis-of-variance method) to determine the significance
of the differences.

Tn agreement with the results of the test st Oxnard, the test at
Chino demonstrated no significant differences in yield per acre, su-
crose percentage, or coefficient of apparent purity. The values for
sugar per acre, both gross and indicated available, show a certain degree
of significance, corresponding to odds of approximately 20 to 1 that the
differences obtained were not due to chance. This degree of signifi-
cance indicates that a fair degree of reliance may be placed on the
test and suggests & cumulative effect of the factors previously listed
as not significantly different. JIn this test onc of the U. S. No. 1
increases was significantly better than the commmercial brand in sugar
per acre, but the two other increases were not shown by the test to
be better than the commercial brand. Under the conditions at Chino,
however, where curly top was not a factor, it could not be shown that
the commercial brand had an advantage over the U. S, No. 1 variety
in any attribute measured, and it is fairly reasonable fo assume o
slight superiority of the U. 8. No. 1 variety.

he differences among the three increases of the U. 8. No. 1 variety
were not significant in any attribute measured.

Since the Oxnard and Chino tests so nearly dupliente ench other,
it is possible to use the two experiments as the basis for an estimate
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of the behavior of the T. 8. No. 1 variety as compared with that of
the commercial brand. (Table 25.) If seems fair to take the aver-
age of the three increases of the U. 8. No. 1 variety for this comparison,
attributing to each mean the standard deviation of the mean found for
the experiment.

'The standard error of the mean for the two tests was caleulated from
3+/V Chino+ V Oxnard, which equals 161 pounds. Multiplying by
V2, 228 was obtained as the standard ervor of the difference between
the mean yields at the two places. The difference in indicated-avail-
able sugar, 546, is therefore significantly in favor of the U. 8. No. 1
variety, the odds being approximately 72 to 1 that the difference
between the T. 8. No. 1 variety nnd the commercial brand would
again be in favor of the 17. 8. No. 1 variety if the two kinds were
grown again under similar conditions.

In these experiments the curly-top injury was negligible. It is note-
worthy that the U. 8. No. 1 variety was apparently the equal of the
commercial brand of sugar beets in. all important attributes, and that
in every case it exceeded the commercial brand in sucrose percentage
and in coefficient of apparent purity, though not by significant
amounts,

GROWER-TEST PLANTINGS

PLANTING AT FIREDAUGH

A grower-test planting was made at Firebaugh, January 13, 1931,
to compare the U. 5. No. 1 variety of sugar beets with & commercial
brand (Old Type). The seed of the U. 8. No. 1 variety used was the
first multiplication of the original selection and had been increased at

Beawmont, Calif., in 1930. Plots consisting of 12 rows 171 feet long
and 20 inches apart were used. Two plots were planted with each
type of seed, resistant and nonresistant {commercial). The soil con-
tarned o large amount of organic matter and required indgation only
four times during the growing season.  The beets in all the plots made
a luxuriant top growth, A heavy infestation of the plants by the beet
leaf hopper accurred early in April, hut beeause of the comparatively
mild type of disease that developed and also because of the size of
the plants when first exposed, the injury was not very great. At the
time of harvest (July 27) there was n marked contrast in color between
the resistant variety and the commorcial brand. The commercial-
brand plots showed striJingly more ycellow color. On June 8, 39 per
cent of the U. 8. No. 1 varety and 91 per cent of the commercial
brand showed curly top. All the novmally competitive bects in the
{our center rows of cach plof were taken for the weight determinations.
For determinations of sucrose percentage and coellicient of apparent
purity, three 20-beet samples were taken {romn the normally compet-
itive beets of the four center rows of ench plot,

The results of this experiment are given in Table 26, The yield
from the U. 8, No. 1 varicty exceeded that from the cornmercial brand
by 5.4 tons por acre, No marked diffevence in sucrose percentage or
in coefficient of apparent purity was found. The indicated-available
sugar of the U. 8. No. 1 variety exceeded that of the commercial brand
by 1,440 pounds per acre. Although this experiment did not permit
the determination of the statistical significance of these figures, the
resuits seem to indicate a sfrong trend in faver of the T. 8. No. 1
variaty,
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TaBLE 26.—Comparison of the U. S. No. 1 variely with a commercial brand (Old
Type), planied January 16, 1931, at Firebaugh, Calif.

{Data represent averages from 2 plots, each consisting of 12 rows 171 leet long and 20 inches npart]

Percent- . Sugar per acre
oda of Coelll-
Ean[t:g Yield per cient Uft.
show acre apparen: ;
{iurl,f;{ parity Gross iﬁgﬁﬁg
op

. B, No, & 5
Commercial (01d Ty} b4
DiTerence.

! Bosed on counts made higy 3, 1931

PLANTING AT DOS PALOS

A grower-test planting was made at Dos Pelos, on January 15, 1931.
Because of unfavorable soil conditions and difficulties in regard to
supervision resulting in poor cultural cere, no attempt was made to
secure yield records. Certain observations made during the course
of the season are, nevertheless, of interest. The exact date of the
principal influx of beet leaf hoppers is not known, but the plots were
found to be heavily infested on May 4. On June 9, it was possible
to distinguish the resistant from the check plots {Old Type) but the
differences in color and size were not pronounced. On that date 85
per cent of the Old Type plants and 42 per cent of the U. 8. No. 1
plants were diseased. The type of disease was very mild in the resist-
ant plots. On July 4, both the resistant veriety and the commercial
brand showed 100 per cent curly top. There was then a very definite
color contrast, the Old Type plots being much more yellow than the
. 8. No. 1 plots.

PLANTINGE IN CENTRAL SUGAR-BEET AREA ¥

Additional grower-test plantings were made in the following
locslities: One near Clarksburg, in the southern end of the Sacra-
mento Valley; 1 on MeDonald Island and 1 on Union Island, in the
peat-land delta of the San Joaquin and Sacramento Rivers; 1 near
Manteca, at the northern end of the San Joaquin Valley; and 1 near
King City, in the southern part of the Salinas Valley.®® In previous
seasons sugar beets in the King City and Mantece areas had been
regularly affected more or less severely by curly top. Clarksburg,
MecDonsald Tsland, and Union Islend, while regularly suffering some
damage, had in general been less severely exposed.

Because of circumstences beyond the control of the investigators,
the only data obtained from the Clarksburg planting were those on
the comparative rate of development of infection in the resistant
variety snd the commerciel brand. For the same reason, records
secured at King City were likewise inadequate. When examined
shortly before harvest in midseason, the plots in both localities showed
striking differences in favor of the U. 5. No. 1 variety both in foliage
resistance to curly top and in size of root produced.

% N. J, Diddings, senlor pathologist, assisted o these tests,

B Acknowledgment for helpful cooperation in the location of tho plots and in the analyses of samples 8
dus the Bolly Sugar Corp. and tha Spreckels Sugar Co. ‘The cooperation of the Callfornla Packing Corp.
sod Arthur Shuser, g3 growers, was also of value in carryiog out the tests,
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The results from the other grower-test plantings are given in Table
27. The stand in the Manteca plot was so severely damaged by
wireworms that yield records were not attempted, but the average
weights per beet of the samples taken for the purpose of comparative
sugar analyses afford some basis of comparison. = As a means of dis-
counting the wireworm complication the caleulated yield per scre
on the basis of'a 100 per cent stand is likewise given. The data were
obtained from 3 samples, comprising 53 roots, of the U. S. No. 1
variety, and 5 samples, comprising 57 roots, of the commereial brand.
At Union Island and MeDonald Isiand ® the data were secured from
ten 20-beet, samples taken at random from each plot. The fact that
the plants were selected at random rather than as normally com-
petitive beets is disregarded in the theoretical yields calculated on
the basis of a 100 per cent stand.

Tanue 27—Results from growereal plantings aof Manieca, Union Fsland, and
MeDeonald Island, Calif., in 1931

[Dals ropresent avernges from samples)

fugar per acre
Aver- ([Joetlﬁ-r
a cient ol

Lacality Dale of Varigty wefgehr_ Appar- Indi-

planting

per ent | oo, | cated

beet purity avail-
ithle

Pounds Per cent| Pounds; Pounds
T8 Mol ...} L43 | 1h687 | 1838 X 6, 114 5,552
Comimercial 2-_ | .85 | 14721 IV 40 3 4,775 4,403

4.068 | —1.04 —l 1, 338 1,140
HEM Gy 1700 . 9, 484 7467
2). 954 16,25 7. 136 5, 572

Differenca . ._..._.1 . 5. 880 .74 Bl o232 1,895
U.8. No.1___._..___]| 35544 | 16,45 78.7 | 11, 604 8, 201
Commerelal 4 | 0,462 18,75 79.8 | & 8835 7,067

Difference . $.082 1 —. 30 -0 2890 2, 148

2
3
1

10,847 | 9,57
0,386 | B8, 288
1,461 | 1.270

McDonnld Islend..] Mar, 12,

U8 Ne.l ... 30.317{ 17.80 88,
Commercinl 5. - 2574 1813 88.

Difference, P 4574 — 34

! The acre yields were computed on n J00-per-ceni-stind basis far sugar beets nf the avernga welght ns
shown by the samples, Actual ylelds obtained from the MeDonald Island plot wers: U, 3. No. I, 194
{ons per ner; commercial, 10 tans per nore.

t Diogkmann brand.

1 The records from each of the plats on Union Island ars shown sepamtcly becpuse of wide differences in
sall conditions between the 2 sets of plais. The effects af {his variability are largely avoided try the om-
parisens a5 given.,

1 Sehreiber & Sog brand.

} Bimod not recorded.

These tests show that in every case the U. 8. No. 1 variety out-
yielded the commercial brand with which it was compared. In three
cases the difference in the sucrose percentage was in favor of the com-
mercial brand and in one case in favor of the T. 8. No. 1 variety.
Because of the limited number of samples the significance of these
differences in sucrose percentage was not determined, but it should be
noted that the small range is well within the sampling error. Simi-
larly, the coefficients of apparent purity are not widely different. The

* It Is intaresiing Lo note (o the case of the McDanald Island test that for the increase in vield from the
resistant plot, the grower, A, Shauer, reported recelving $36.04 more teturn than from the aversge of the 2
edjacent comnmercial brand plots, or az Increase of $23 per acre,
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indicated-available sugar of each of the U. 3. No. 1 lots was substan-
tially larger than that of the commercial brand with which it was
compared.

The results of the grower-test plantings in the central California
ares indicate that the U. 8. No. 1 varicty is distinetly superior in
curly-top resistance $o the commercial brands now being used and
approximately equal to them in quality. Tts apparently satisfactory
performance under various conditions indicates that the U, 8. No. 1
variety has a wide adaptability.

TESTS IN NEW MEXICO *

A series of tests was undertaken in 1930 and 1931 at State College
and in 1931 at Las Veges, in order to observe the performance of the
E. 8. No. 1 variety in comparison with commercial brands of sugar

eets.

Observations from 1923 to the present time have shown that the
curly-top disease occurs as practically a 100 per cent infestation in
the sugar beets grown in the area near Las Cruces. It has always
been so severe as to make the yield from commercial sugar beets
entirely unprofitable. At Las Vegas, which is in a commercial
sugar-beet-growing area, the outhreaks of the disease have heen of a
sporadic nature. Very little damege has been noticed in some years,
whereas in other years, for exmine, in 1930 and 1931, the disease
has been prevalent and has reduced yields sharply.

TESTS AT STATE COLLEGE

For sthe 1930 tests at State College, the seed used was from (1) the
original U. 8. No. 1 seed produced in 1929 at Twin Fails, Idaho; (2) an
inbred line (90116-9) produced at Rocky Ford, Colo.; and (3) a com-
mercial brand (Pioneer). In order to have at least one planting in
the young-seedling stage at the period of the greatest influx of beet
leaf hoppers, thus effording maximum exposure, plantings were made
on three dates, namely, March 20, Apil 15, and May 15,

Each of the three kinds of seed was planted in systematically ar-
ranged plots replicated five times. Each plot was a single row 195
feet long and 22 inches from the adjecent plot. Teble 28 shows the
results for the three plantings of the U. 8. No. 1 variety and the
commercial brand used as a check.

The test demonstrated very clearly that in eurly-top resistance the
U. 8. No. 1 variety is decidedly superior to the commercial brand used
ns & check. (Fig. 7.) Shortly before harvest each plant in this test
was graded (0 to 6) according to the degree of curly-top injury it
showed. The average of these grades represents the mean curly-top
injury to the sugar-beet strain under consideration. A comparison
of the averages shows decisively that in every case the commercial
brand was more seriously diseased with curly top than was the U. S.
No. 1 variety.

A companson of the final stand with the original stand shows that
there was a8 higher mortolity in the commercial brand than in the
U. 8. No. 1 variety. For the plantings of March 20, April 15, and
May 15, the resistant beet showed o mortality® of 20, 28, and 29.5

7 Contributed by Oarry A, Eleoek,  Acknowledgment 5 matle Lo Lhe Now Ddloxieo Agrieultural Expori-
meol Station for cooperation in Lhese Lests, i
; i Obsc‘:]rvnl.lon througtioul the season indicated thal the curky-Lop discase wnas the chief faclor declinating
Lho stand.
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per cent, respectively; whereas the corresponding plantings of the
commercial brand showed » mortality of 42.7, 67, and 44.6 per cent,
respectively.

ix O

sy
cantil

FiGurE 7.—Sugar-heel tosts under cutly-lop epidemic conditions al State Collepe, N. AMex, Hows I¢aand
224, U. 5. No. 1 variely; raws 208 and 2a, commercial {Ploneer) brand; rows 18a, 2ia, and 24a, (nbred
iine. Planied March 20, 1938, photographed Sepiernber 1%, 136

Tasve 28.—Comparison of ihe U. 8. No. I variety with a commercial brand (Pioncer)
of sugar beets in tests of State Collsge, N. Mex., tn 1930

{Date represend avarages from fve siogle-row plots, each 305 feet long 1

Etand count|
of tiects per Ongﬁf' Sugar per acre
ot stand

bl

Trste of planting and | Curly-top
varlaty grade 7 < ?mim Sucrose 2 Tndh-
ent. | ing AL
J‘;Ee 2thar] bar- c*;'_"i?_
' oPvesi}| vest e

Num-| Nuwm-i Per

Ger | ber 1 cent Tons Per eenl Pounds\ Poends
3.4+£0.10 05 70 1 BO.O 38, 69540289 | 13, 50021 2,348 1, 086
404 071 120 T OS2 20034 (246 | IR, 54 20 BOS 895

Diferemes.o..—1,21 12| —~34 2] WTFRTE2E 2R Q 1, 548 I, WL

Apr. 150
%, 8. Mo, 1 _ 4.0 .07 W TR0 0400k L 407 | 1544 20 1,742
Commercial
5 54 03 401 33.0( LGk 07 ) .84 .20 33t
—~1.5% ,08 5G| 840 5380 (442 (=144 .35 1,411

U. 5 Nao. 1 3.8k .11 02 ) 0.5 1 27284 .23 | 19. 42,25 73t
Commercial {Plo-

4. 84 .00 g 41 55,4 L fHf-E 073 | 1304 .20 204

DlTerence ~t.04 44 2 1508 | LT82: 2] — 54 U8 408

{ Prohable error was coruputed by Bessel's fortnuin:
- _}'.‘ d* -
PE=0.6745 Ty

# Based on o 5eals graded from 0 to 6, in which 0 {ndicates no eurly tap, ood 4 denth of plant from cusly
to?. The Intervening grades indleate, progresaively, slight, modergle, severs, snd very severe effects,
Datermined on 3 asmples from each plot,
t Determinoed by use of the refr er, mHre t {6 be 5 per cont.

181133°—33—4&
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Increased resistance was shown by the U. 8. No. 1 variety also in
the yield of beets. In every case the yield from the resistant variety
was greater than that from the commerecial brand used as a check,
though none was commercially profitable. These yields were based
upon harvest records from measured areas, computed to an acre basis,
'The planting of May 15, however, produced a poor initial stand of
beets, and, becanse of the extremely hot weather, the young seed-
lings were very slow in growth; the low yield of beets from tiiis plant-
ing, therefore, was not wholly due to curly-top injury. The condi-
tions of this test probably represent an extreme degree of curly-
top exposure; under less severe conditions the yield from the U. S.
No. 1 variety doubtless would be much greater.

The sucrose percentages for the 1930 experiments were determined,
by the Sachs-Le Docte cold-water-digestion method, on three 5-beet
samples per plot, taken at random. The average sucrose percentages
for the commercial (Pioneer) brand and the U. S. No. 1 variety were
the same for the March 20 planting, but for the April 15 planting the
sucrose percentage was significantly in fuvor of the commercial brand.
In the third plenting (May 15}, the commercial brand again showed
the higher sucrose percentage, but the difference was not significant,
Tt should be rementbered thet the size of beets in the two sets of
samples differed markedly, since the sugar beets from fhe commer-
ﬁal brml::d were in nearly sll cases smaller than those from the U. 8.

0. 1 plots.

The indicated-availuble sugar, determined from the three factors
actual yield per acre, sucrose percentage, and coefficient of apparent
purity, was 1n every case significantly greater in the U. 8. No. 1
variety than in the commercial brand.

Two experimental tests were conducted at State College in 1931.
The plots were arranged as randomized blocks. In each experiment
three seed increases of the original stock of seed of the U, 8. No. 1
variety, which had been tested in 1930, were used for comparison
with twe commercial brands. The seed of the U. 8. No. 1 variety
was produced in three different localities, namely, st Beaumont,
Calif. {A), St. George, Utah (B), and Las Cruces, N. Mex. (C}); the
seed of the commercial brands used, namely, Old Type (D) and
Pioneer (E), was ordinary commercial seed from Germany.

The plentings at State College were made on two different dates,
namely, March 16 and April 1, in an attempt to secure high exposure
to curly top by having the plants in a susceptible stage at the time
of the greatest influx of the beet leaf hoppers. Because of conditions
in the breeding grounds, the leaf-hopper influx was later then normal,
and the curly-top infection was less severe than that of the preceding
season.

Each plot consisted of four rows 185 feet long and 22 inches apart.
The rendomized-block arrangement for the five seed lots provided
five replications of each. Tﬁe plots were arranged as 4-row strips
scross the field in the following order (each letter 1‘e§resenting one

lot): DECBA CAEDB, CABDEDCABE, ACDEDB.
R‘he two center rows of each plot were harvested and the yield deler-
mined from the weights of all the beets in the plot. These plot
vields were computed to a ton per acre basis. Determirations of
suerose percentage and the coefficient of apparent purity were made
from three 20-beet samples taken a2t random fromr the center rows.
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. Bucrose was determined by the Sachs-Le Docte cold-water-di estion
- gnethod, The coefficient of apparent purity was determined by the
~ refractometer, a 5 per cent marc being assumed in calculating sucrose
"in the juice from sucrose in the pulp.

.'The data from the individual plots of the 1981 test have been
analyzed according io accepted statistical methods (9) and the
results are given m Table 29. In this presentation of the data,
computations have been made to determine the statistic z as s
convenient measure of the significance of the test for the attribute
considered. Standard errors of the means were computed * in all
cages where the value of 2 as found equaled or exceeded the value of 2z
at the 5 per cent or the 1 per cent point as given in Fisher’s tables (9),
corresponding approximately to odds of 20 to 1 or 100 to 1, respec-
tively.  From %JS computation a value has been found for the
difference between two mesns necessary for significance.

Taere 20.—Comparison of three increases of the U. 8. No. 1 variety with two com-
mercial brands, planted March 16 and April 1, 1981, at Siate College, N. Mez.
[Data represent averages from 5 plots, sach consisting of 4 rows 185 fest long and 22 inchea apar]

' PLANTING OF MARCH 16

Bugar per acrea

Coefficiang

Curlyétop Yiald pey of
grade | acre apparent Indicsted
purity G available

Variaty

T, 8, No. 1 increass fromm— Pounds | Pounds
A) Besumont, Calif - 3 A 4.2 ,

B) 8t. Gaorgs, Tish__ ; . 3,988

C}) Las {ruzces, . Me 3 4, 040

. Average 3,938
Commerclal:
D} Qid Type X 2,759

E) Pioneet . A 2,626

Difference:
“Av, U. 8. No.1—-D
Av, U, 8. No. 1-E

b

Standard error of difference.
Diflerence raguired for signifieance.

PLANTING OF APRIL 1

Y. 8, No. I increass from—
A} Beaumont, Calif 8 | 2845 | 14.4 3,700
B} 3. Gacrge, Ulah_____ . . 12,780 | 145 | 4,022
O} Lasg Croces, N, Max . 13.08¢ | 150 3,830

" Averago, 13.230 | 158 |- 3,887
| ﬂtgmzaaigled by averaging indiviiual plot values; hence differing shightly from the product of means given
z this B,
* z=one-half the difference betwesn the natura! fogarithms of the variances for variety snd error. The
5 per cont polot for ¢=0.6505; 1 per cent polnt=0.7E14,
¥ Standard error of o singls determination was found by extracting the square root of the variance due
to artor {mean square). ‘The standard error of & mesn was fond by dividiog this standard error byv’n;
1z this caso, the pumber of replications was 5. Tha staudard arrer of bhe &1 eronoe was fannd by multi-
plying the standard eeror of the mean by +/2, Tho lnst-naped ottmber multiplled by 2 wes taken as the
differencs required for slgnificance between two mesns,
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TasLE 29.—-‘~Cam;par£san'af three increases of the UL 8. No. I variely with two
 commercial branas, planied March 16 and April 1, 1931, at Stale College,
- N. Mex—Continued.

PLANTING OF APRIL 1—Contluued

Coaffigiont| ~ SUE%7 Per acTe
Cuﬂy&top Vield per of ¢

grade acre apparent ;
D] aros {lndiated

0“”}‘1‘)’“8‘?&‘ Pounds
(Eg Pioneer____________TTl 1.

Difference:
Average U, 5, Mo, 1-D___.._.
Averaga U. 8. No. 1-E

21 .
Btandard error

Btandard error of difference.
Differance requirad for significance.

1z=one half of the diferepce between tha natural logarithms of the variances for variety and error.
Tho 5 per cant point for z4-0.5505; 1 per cenl point=0.2814.

The injury from curly top in 1931, though very marked, was some-
what less than in 1930 because the invasion of the beet leaf hoppers
ocourred much later in the season. Nevertheless, a 100 per cent in-
fection was present by August 15. As compared with the severity of
curly top in later experimental plantings in the same field, however,
neither the 1930 nor the 1931 test showed mazimum injury from the
disease. No significant differences in susceptibility to curly top were
found among the three seed lots of the U. 8. No. 1 variety. There
was, however, a significant difference between the average grade of
the U. 8. No. i variety and that of each of the comnmercial checks in
both the March 16 and the April 1 planting. ' (Table 29.) Of the
three types, the U. 5. No. 1 variety showed the least injury from
curly top, and the commercial brand Pioneer showed the most injury.

In yield per acre the average of the three seed lots of the U. 5. No. 1
variety was decidedly greater than that of either of the two com-
mercial checks. (Table29.) The superiority of the resistant variety
was especially marked in the planting of April i, where the injury
from curly top was the greater. In both tests, however, the difference
in favor of the U. 8. No. 1 variety was significant.

In sucrose percentage the statistical analysis of the results for the
planting of March 16 showed that the value of z exceeded the 5 per
cent pomt.® The commercial brand Pioneer showed a sucrose per-
centage significantly higher than the average for the three U. 8. No. 1
lots. {l'able 29.} The differences between the sucrose percentages
of Old Type and Pioneer and between those of the two U. 8. No. 1
increases (B and () were not significant. There was, however, &
slicht significant difference between increases A and C of the U. 8.
N, 1 veriety. These results indicate a slight superiority of the
coramercial .brand Pioneer in sucrose percentage. When analyzed
stetistically, the averiz> sucrose percentages in the April 1 planting
showed no significant differences among the five seed Fots ; the valus
of z was found not to exceed the 5 per cent point.

i The Iact that the value of 2 exceeds the 5§ per cont point indicates edds of spproximataly 2¢ to 1 that
the diferences shown ere not dus te chanes alona.
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For indicated-available sugar, caleulsted from the three factors
yield per acre, sucrose percentage, and coefficient of apparent purity,
the average of the three seed lots of the U. 8. No. 1 variety in the
planting of March 16 exceeded by a significant smount that of each
of the commercial brands. (Teble 29.) In the planting of April 1
_the average for indicated-available sugar of the three seed lots of the
- U. 8. No. 1 variety was also significantly greater than that for each
of the two commercial brands. In neither planting were the dif-
ferences among the three seed lots of the U. S. No. 1 variety or
between the two commercial brands significant. The difference in
indicated-available sugar per acre in favor of the U. 8. No. 1 variety
over the comumercial brands was greater for the April 1 planting than
for the March 16 Elanting, doubtless because of the severity of the
- disease in the Apri planting and the marked resistance of the U. .
No. 1 variety.-

The 1931 test at State Coﬂeg{e showed that under conditions of
fairly severe curly top the U. S. No. 1 variety produced a crop greatly
superior to commercial brands in yield and equaling or elosely ap-
proaching them in quelity. The results do not indicate, however,

= that the U, 8. No. 1 variety would be commercially satisfactory in

this ares.

TEST AT LAS VEGAS

A test was conducted at Las Vegas, in 1931, on the farm of the
New Mexico Agricultural Experimment Station;# which is located in
the sugar-beet-growing area of that locality. In this experiment the
three seed lots (A, B, and C) of the U. 8. No. 1 variety used in the
State College tests, an inbred line $0116-G (D), and the commercial
brand Pioneer (B} were planted in the following randomized-block
arrangement: D ECHA BDEAC CABDE, EBACD.
Each plot consisted of four rows 80 feet long and 22 inches apart.
The yield was determived by harvesting all the beets in the two
center rows. The sugar and purity determinetions were made from
one 10-beet sample taken at random from each plot. These samples
were sent to the United States Sugar Plant Field Laboratory at Rocky
Ford, Colo., for enalysis.2

For nearly all attributes measured (Table 30), the results of this
test were in close conformity with those obtained in the State College
tests. The U. 8. No. 1 variety was superior in curly-top resistance,
as shown by compering its averasge curly-top grade (2.38) with ihat
of the inbred line 90116-0 (3.59} and that of the Pioneer commercial
brand (4.00). Statisticel analysis shows that the value of 2 for this
portion of the experiment exceeded the 1 per cent point.®® The three
U. 8. No. 1 seed lots were significantly more resistant to curly top
than either the commercial brend or the inbred line, buf showed
no significent differences among themselves. If the Pioneer com-
mercial brand be regarded as the criterion, fhe curly-top in'u_l]:ly at
Las Vegas was apparently slightly greater than that at State éo ege

4 Acknowladgment is made to Sbelby Utz, toanegar of the experimentsl farm at Las Veges, lor planting
and caring for the beets during the colirse of the experiment. . :

# The sticrose percentage was determingd by the cold-water-dipestion methed, and the coefficient of
appa.r%njt purity wes determined from the Brix reading fs compured with the sucrese reading of the az-

réasad Jice.
P 5 Corresponding approximately to odds of 108 to 1 that the diferonces shown were not due to chance.
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Each of the three seed lots of the U. 8. No. 1 variety gave significantly
better tonnage than either the commercial brand or the inbred seed,
The differences between the three seed lots of the U. 8. No. 1 variety
do not indicate significant differences in yield among themselves.
In percentage of sucrose no significant differences were found.

TasLs 30.—Comparison of the U. S, No. 1 varidy (three increases) with an inbred
line and a commereial brand af Las Vegas, N. Mez., in 1981

[Data represent averages from four plats, each consisting of four rows §6 foet long and 22 inches apart]

1
cunt Tiald o Ei-[ Bugar per acre
urly- | Yield per, cient o
Variety top grade| acte apnarent
Durity Oross

Indicated
available

U. 5. No. 1 increase from—
Ay Beaurmont, Calif ____...._ .
B} 5t. Qeorge, TUtah______
(C) Las Cruees, N. Mexoo o . ..

FPounds
’2.35 | 3857
83,85 | 5,937
B O 3, 660

Bl 76 4,
8550 2
85. 16 L

Average.
{D) 001160 {inbred)_________.________
[E} Commercis} (Piopeer)_ ... ..

Bgtpe | M
= | EBES

Differenre;
Average . 6. No. 1I—D_____. . —L
Average U, B. Ne. I-E. ... - . —1.40

za - . . LT3 .
Standard error 1. 2785 713
Standard error of Mesn. ... 1884 . - 8717 319
Btandard error of difference . . JB0Bs | 43

Difference requiresd for signifi-
caore 3 1.6168 a2

818
291
966
527
85

1,
i

8555

! Determined on one 10-beet sample per plot. .
; 1 tgﬁ‘f.f’é?d by averaging individual plot values; hence it differs slightly from product of means given
n .
1 z=cne-half the difference between the natursl logarithms of the verianoees for variety and error. The
5 per cent point for 2=0.5907; 1 per cent point=0.8443.

The sugar-per-acre values (gross and indicated available) were
uniformly in favor of the various U. 8. No. 1 seed lots. (Table 30.)
The value of 2 was found to exceed the 5 per cent point. No sig-
nificant differences were found among the three seed lots of the 17, 8.
No. 1 variety, but each was significantly better than the commereial
brand in the yield of sugar per acre. '

Close wafch was kept in 1931 for any tendency of the plants to bolt.
Of approximately 32,000 individual beets subjected to close observa-
tion only three beets were found that produced seed stalks in the
ﬁr\stil year of growth. This number is so insignificant as to be entirely
negligible. .

%n the U. 5. No. 1 variety, produced originally by mass selsction
of resistant plants, the resistant individuals appear to be in the
majority. Because of the superior performance of these resistant
individuals the U. S. No. 1 variety shows better results under curly-
top conditions than do standard commercial brands. Readings of
the degree of curly top present in hundreds of individual plants were
made at State College in 1930 and 1931 and at Las Vegas in 1931.
Evidence of curly top was found in every plant examined. The
results obtained, therefore, are not due to Immunity of certain
individuals or to escape of infection. The effect of curly top in the
majority of the individusl plants seemed less severe than in the
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ordinary commercial beet, and this general resistance, together with
the striking performance of many individuals that were outstanding
in resistance, is responsible for the very encouraging results obtained.
It was clear from the examination of the plots thaf, although a con-
siderable portion of the beets had been killed by curly top &nd some
that were attacked early did not reach commercial size, the majority
grew well in spite of curly top.

The results seem to indicate that under New Mexico conditions
there is no large or consistent difference in quality between the U. S.
No. 1 variety and commercial brands.

. The U. 8. No. 1 variety, as judged by the 1931 tests and the gen-

eral course of curly top in that grea, seems to be especially well
adapted to the Las Vegas district, where in some years sugar beets
are produced at a pro%t, whereas in other years the crop, under a
moderate curly-top outbreak, drops to 7 or 8 tons per acre, a yield
that is probably below the cost of production. The performance of
the U. 8. No. I variety clearly indicates that under a curly-top out-
break of this type such gains in yield and sugar per acre would result
from the use of this variety as to make the crop profitable instead of
unprofitable.

DISCUSSION AND CONCLUSIONS «

The degree of curly-top resistance in the variety U. 8. No. 1 and
hence the measure of curly-top control, which use of this variety will
assure, are clearly indicated by the studies reported in this bulletin.
The results presented also afford some evidence as to the performance
of this variety under conditions where curly top is absent or only a
minor factor.

YIELD
TESTS IN 1930

Intensive agronomic jests on a limited scale were conducted with
the U. 5. No. 1 variety in 1930 in Idaho, Utah, California, and New
Mexico.

In the Idaho tests, because of adverse soil conditions as well as
severe curly-top injury, the U. 8. No. I variety gave an average yield
of only 5.5 tons per acre; but the commercial brand (Pioneer) used
as a check averaged slightly less than 1 ton per acre.

In the Utah tests, three degrees of curly-top exposure were secured.
In one field, where the exposure was due solely to the natural leaf-
hopper infestation and where only a mild type of the disease resulted,
the average yield from the U. 8. No. 1 variety was 19.5 tons per acre
and from the commercial brand (Schreiber g K. W.) 14.6 tons per
acre. In another field, where the plants were artificially inoculated
by caging viruliferous leaf hoppers on each plant and severe curly-top
injury resulted, the U. 8. No. 1 variety yielded 7.6 tons per acre as
compared with & yield of 2.5 tons per acre from the commereial brand
(Schreiber 5. K. W.). Chiefly because of the disease, a noteworthy
reduction in stand took place between the time of thinning and harvest;
5.5 per cent of the origmal stand was lost, in the U. 8. No. 1 variety
and 32 per cent in the commereial brand. Such drastic injury as

“ Contributed by Eubanks Carsoer and 4, W, Skuderna.
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resulted in this case is rarely if ever encountered naturally under good
soil and cultural conditions when the planting is made as early as
advisable. A third test was made in the field where the foregoing
one was conducted. In this case the plants were exposed only to the
natural infestation of leaf hoppers, but distinctly more curly-top
injury resulfed than in the first test because of the fact that the viru-
lent virus was introduced into this field both through the plants
artificially inoculated and by the planting of a few severely diseased
mother beets from the year before. From the severely diseased plants
the leaf hoppers in moving about could acquire the virulent virus and
carry it throughout the field. The T. 8. No. 1 variety in this third
test.yielded 17.1 tons per acre, whereas the commercial brand
(Schreiber S, K. W.} yielded 7.1 tons per aere.

The tests in California in 1930 were conducted under conditions of
very light curly-top exposure. In one case the U. 8. No. 1 variety
gave an average yield of 23 tons per acre and the commercial brand
(Old Type) yielded 20.5 tons per acre. There were only four replica-
tions in this test, and in view of the range in plot yields 1t is uncertain
how much of the difference between the commercial brand and the
resistant variety should be atiributed to curly-top injury. In the
other test there was only one plot of eack variety and, although the
commercial brand (Old Type) showed o greater percentage of cases
of curly top, there was obviously no significant disease injury. The
T. 8. No, 1 variety vielded 18.8 tons per acre and the commercial
brand yielded 20.8 tons per acre.

In New Mexico three degrees of curly-top injury were obtained by
planting on three dates. A planfing on March 20 gave for the U. 8.
No. 1 variety an average yield ol 8.7 tons per acre and for the com-
mercial brand (Pioneer) approximately 3 tons per acre. The second
planting, April 15, gave a yield for the U. 8. No. 1 variety of 6.5 tons
per acre and for the commercial brand (Pioneer) 1.1 tons per acre.
In the last planting, May 15, the U. 8. No. 1 variety vielded 2.7 tons
per acre, and the commercinl brand (Pioneer) averaged 0.9 ton per acre,

These tests in 1930 indicate that the U. 8. No. 1 variety will out-
vield susceptible commercial brands under all conditions when curly
top is a controlling factor. This advantage of the resistant vanety
is often increased as the disense exposure becomes greater, but it
should be noted that the U. 5. No. 1 variety is strongly imjured by
severe gxposure. The results also suggest that where curly top 1s
not an important factor the yield of commercial brands may equui or
exceed that of the U. 8. No. 1 variety.

TESTS IN 1931

Further compsrisons between the U. 8. No. 1 variety and various
commercial brands were made in 1931. Fourteen intensive agro-
nomic tests were conducted in the four States previously mentioned.
In nddition to these there were 33 large-scale tests in commercial
fields from which data were obtained. In each of the latter tests,
known as grower-test plantings, a total of approximately 1 acre of
the U. 8. No. 1 variety was compared with a similar area of a com-
mercial brand, and in most instances the planting arrangement wag
such as to give two or more replications.

The harvest records were secured from the grower-test plantings
in essentislly the same manner that the records of the more intensive
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tests were taken. For this reason and in view of the similarity in
trend of the results, it will be advantageous in this discession to con-
sider the results of the two series of experiments together.

Most of the tests were carried out under eonditions where curly top
was an important factor, and thoss-srhich may be so grouped will be
considered first. Forty-one of the testa fall in this category, and
these included & wide range in degrees of curly-top exposure. This
fact is brought out by the yield records. The yield-per-acre values
were calculated in all but a few instances by multiplying the average
weight of the individual normally competitive beets by the appro-
priate factor for a 100 per cent stand for the conditions of the planting,

The comparative records for 19 tesis (2 intensive agronomic and
17 grower-test plantings) conducted in Idaho show vields ranging from
8.1 t0 24.4 tons per acre for the U. 8. No. 1 variety and from 4.3 to
19.5 tons per acre for the commercial brands. These Idaho tests as
& whole showed average yields of 14.8 tons per acre for the U. 8. No.
1 variety and 10.1 tons per acre for the commercial brands,

The evaluation studies carried on in Utah included four cases in
which the results were vitinted by failure of the irrigation-water -
supply. Theresults of these four tests are not included in the present
discussion, but it is of interest to note that the trend of yield results
is in the same direction as in all the other tests. The U. 8. No. 1
variety exceeded the commereisl brand in yield in each ease, but, in one
instance the difference was probably not significant. In five other
Utah tests where curly top was an important factor, the yieid of the
U. 8. No. 1 variety ranged from 14.1 to 27.2 tons per acre with an
average of 20.9 tons. The commercial brands in the same tests
yielded 5.9 to 22.7 tons per acre, an average of 13.2 tons.

The California experiments in 1931 included nine tests in which
curly top was an important factor infiuencing yields. The results
at Shafter are omitted because of the fach that the yields obtained
were influenced by the garden-nematode infestation of the field.
Only one experiment irom Bakersfield (February 10) is included, since
so far as possible the results used in this general summary have been
confined fo those from plantings made on dates conforming to what
would be a normal planting date for the locality, Repeated experi-
ence at Bakersfield has shown that March 3 is too late for commercinl
plantings there; hence, the results from the planting of that date are
omitted. Tt may be noted that the Mareh 3 planting showed an
average yield of 11.9 tons per acre for the U. 8. No. 1 variety and 3.9
tons per acre for the commercial brand (Old Type) used as a check.
At Buttonwillow, similarly, only the results from one of the two titals
have been used, since it is believed that the results from the February
12 planting are the more representative for the purposes of this dis-
cussion. 1t should be noted that the January 13 planting at Button-
willow, which is omitted, gave an average yield of 22.2 tons per acre
for the U. 8. No. 1 variety and an average of 18.2 tons per acre for the
commercial brand. .

Six tests in California (three intensive agronomic and three grower-
test plantings)* are considered as representative of the U. 8. No. 1
variety growing under conditions where curly top is a factor. The
yields of the resistant variety ranged from 18.7 to 30.3 tons per acre,

" Tha rosults from only tha first set of Plaois from Lhe grower-test planting on Unien Island werg used [n
this summary,
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with an average of 23.8 tons, in contrast with the commercial brands,
which ranged in yield from 13 to 25.7 tons per acre, with an average
of 17.3 tons.

The New Mexico plantings in 1931 included two at State College
and one at Las Vegas. The planting of March 16 at State College
yielded an average of 13.4 tons per acre for the U. 8. No. 1 variety
and 8.9 tons per acre for the commercial brands (Old Type and Pio-
neer). In the April 1 planting the average yield of the U. 8. No. 1
variety was 13.2 tons per acre, and. that of the commercial brands was
8 tons per scre. Only the results of the March 16 plantiag are in-
cided i the avernges shown in Table 31. The Lias Vegas tes§
showed an average yield of 13.4 tons per acre for the U. 8, No. 1
variety and 6.7 tons per acre for the commercial brand (Pioneer).

Six of the 1931 tests were conducted under conditions where curly-
top injury was absent or else an unimportent factor. These tests
were: One near Salt Lmke City, Uteh; 2 near Fruita, Colo.; and 1 each
at Bakersfield {the January -planting), Chino, and Oxnard, i Cali-
fornia. The results of these comparisons with commercial brands
afford some indication of the jierformance to be expected of the U, 8.
Neo. 1 variety if it should be planted in sessons when curly top does
not cause serious damage. The same may be said for aress only
slightly affected. The range in yields for the U. 8. No. 1 variety in
these tests was from 18.8 to 27.9 tons per acre and for the commercial
brands from 17.3 to 26.9 tons per acre. The difference between the
averages (0.5 ton per acre), as shown in Table 31, if significant at all,
is probably fo be atiributed to the curly-top factor.

QUALITY

Because of the large number of determinations of sucrose percentage
and purity made in connection with the many field tests, it has been
possible to compare the quality of the U. 8. No. 1 variety with that of
the commonly used commercial brands.

The test in Idaho in 1930, as mentioned earlier in this discussion,
was made under unfevorable soil conditions. This fact probably
explains the exceptionally low sucrose percenfages found. Tests of
the U, S. No. I variety showed a higher sucrose percentage than tests
of the commercinl brand (Pioneer) used as a check. In 1931, sucrose
percentages were determined in connection with each of the 19 field
tests carried on in Idaho. In 5 cases the average sucrose percentage
of the U. 8. No. 1 variety was numerically lower by between 0.2 and
0.9 per cent than that of the commercial brand compared with it, and
in 5 other cases it was higher by the saome smounts. The general
averige of the 19 tests shows a sucrose percentage of 18.08 for the
T. S.‘%\To. 1 variety and 18.01 for the cornmercial brands. The U, -S.
No. 1 variety showed o slightly higher coefficient of apparent purity in
most cases, but the average difference was too small to be significant.

Sucrose determinations were made in connection with two of the
field fests in Uteh in 1930. They showed numerical differences of
0.14 and 0.6 per cent sucrose in favor of the commercial brand
{Schreiber) used for comparison. :

The six Utah field tests, in 1931, where irrigation water was
adequate, showed in every case & higher sucrose percentage for the
commerciel brands used. The numerical differences ranged from 0.2
to 1 per cent, with an average of 0.6 per cent. The coefficients of
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apparent purity were not significantly different. The two tesis in
Colorado - showed practically” the same sucrose-percentage readings
for the U. 8. No. 1 variety as for the commercial brand (Braune Elite).

In the two California field tests in 1930, the sucrose percentage of
the U. 8. No. 1 variety was higher by 0.14 than that of the commercial
brand (Old Type) in one case and lower by 0.8 in the other. Twelve
sets of comparative determinations in 1931 showed the U. 8. No. 1 vari-
ety higher in sucrose percentage In six cases and lower in six ecases,
The average of the differences was #00 small to be significant. There
was no significant difference in purity,

The New Mexico tests in 1930 showed the T, S, No. 1 variety equal
in sucrose percentage to the commercial brand (Pioneer) in one case
and lower by 1.4 and 0.5 in the other two cases, respectively. The
three tests in 1931 showed a slight but significant superiority for the
commercial brand Pioneer over the 17. 8. No, 1 variety.

The results of the investigetion seem to justify the conclusion that
the average sucrose percentage of the U. 8. No. 1 variety was lower by
a {raction of a per cent than that of the commercia] brands with which
it was compared. The evidence indicates no significant difference in
purity.

Since the U. 8. No. 1 virlety closely approaches the commercial
brands in quality, it will probably show under curly-top conditions g
superiority in yield of sugar per acre almost directly proportional to
its superiority in yield of beets.

Table 31 summarizes the results of 6 tests under conditions where
curly-top injury was not an important factor and of 32 tests where the
disease was a factor of varying degrees of importance. The results
under nearly normal conditions are too few to be conclusive, but they
suggest that when curly top is not a factor Lttle diff erence is probably
to be expected between the U. 8. No, 1 variety and the commercial
brands used. The tabulated results also show clearly that under
curly-top conditions the U. S. No. 1 variety is markedfy superior to
the commereial brands.

TasLe 3l.—Summary of cmrymrisom of the U. 8. No, I varicly with commercial
-

brands, based on iesls ma

in Idake, Ulah, Colorade, California, and New
Mezico in 1931

Yield per nere 3 Average suerosy Gross sngar per ncra!

Conditions Core] Dif- Com-| Dir-
5 (mer- | fer- | U. 8 mer- | fer- | 3- 8. | Com- | Difter-
el [ omon | N 1 ‘ginl [ gpeg | No. 1 |mercind} ance

IV Per | Per | Per
Curly top n ninor factor or ab- | ber | Tons Tonr|Tons| cent | centl | cent |[Pounds Pounds |Pounds
sent -

- 0| 28233 +0.5] 157 {155 0.2 473
Curly-tep injury ranglog froo
moderalo Lo sevorn,, 321 17.3 | 1.8 |+5.5 | 17.45 | 17.53 =08 G038 & 137 -+, 801

Iy

1 Yields were computed to the ton-per-acre basls for easy comparison. Tn nearly all caseg, the ti‘elds
wora compuled from the averags weight of buet by multiplying by n fnetor suitable for the row width em-
ployed {n the test. Tiey nra expressed in terms of 100 per cout stands.  Aotnal stand would need to ba
taken inte consideration te muke the yield duta strietly applicable to netunl yields. For eurly-top con-
ditions, 1t seems probabla that the actial ylelds would be ciosely approached by direct application of the
gctual-stand factor. (Bes p. 22 end .}

3 Obtained from general averages for yield and sugar gives in this tabla.
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The tests reported in this bulletin have demonstrated that through
disease resistance curly top as it affects sugar beets can be fairly well
controlted. This fact is of more importance than is the development
of & particular variety such as the curly-top-resistant vartety U. S.
No. 1. The utilization of this vartety to secure curly-top control by
disease Tesistance indicates the possibility of an entirel - satisfactory
solution of this problem. :

IMPERFECTIONS IN U. 8. NO. 1

The U. 8. No. 1 variety is not immune to curly top. The extent to
which it is injured by the disease depends on the severity of the
exposure. Data have been presented which indicate this fact.
Under curly-top exposure, many individual plants in the vartety show
conspicuous symptoms of the disease. The varicty as o whole shows a
degree of resistance intermediate between the susceptibility of the
commercial brands and the very high resistance of certain low-sugar
strains.

A more serious imperfection in the 1. 8. No. 1 variety is a tendenc
to bolt.® There is evidence that this characteristic 1s attributable
to the inclusion in the U. 8. No. 1 variety of the strain 90522, which
has this tendency, and possibly because of the inclusion of other
strains that show the bolting tendency to a lesser degree. This tend-
ency in the U, 8. No. 1 variety will probably continue to manifest
itgelf in practically the same degree provided full random mating
occwrs in subsequent generations, If seems probable, however, that
through additional selection the U. S. No. 1 variety may be greatly
improved with respect to bolting.

1t is recognized that the resistant variety U. 8. No. 1, as now con-
stituted, is not a finished preduct and that it offers considerable
opportunity for improvement. Under many conditions, however, its
shortcomings do not preclude its use. The general consensus of
opinion of all who have closely followed the tests is that utilization of
this Tesistant variety will constitute a distinet step in curly-top con-
trol, since under all conditions but that of extreme exposure to the
disease the varviety gives promise of satisfactory results. On the
basis of the experience reported in this bulletin, the use of this variety
is recommended until a befter variety can be developed from the
resistant strains now in process of selection and improverment.

PLAN FOR MAKING U. 8. NO. 1 COMMERCIALLY AVAILABLE

The Bureau of Plant Industry is planning to release, under proper
restrictions, the U. 8. No. 1 variety for use by growers in the area
nffected by curly top. 1t is estimated that there are at least 50,000
to 75,000 acres which have been used within the past few years for
sugar-beet culture and which have been made marginal for sugar-beet

¥ In 1932, heeass of a seasonal difference, bolling n the U. 8. No. 1 varisty was generally more evident in
the ares west of tha Rocky Mounteins. ‘The U, 5. No. I varlety showedl 1106.7 per cenl bollers in locaticns
in Idaho where in 1631 It hind hael less than L per cend boliers. A planting at King City, Calif,, on Jan. 10,
1932, doveloped 52 per cent holiers in conirast to 5 per went bolters in the check (Ol Type). The 1031
plantings of the U. 5. No. 1 variety made at four places in Callforsiy frony Jun, 13 1o 16 developed so small
u nuinter of bolters pg not to attracl speeiel notice.  Hepllealed tests of the orfgioel salection wod the first
and second generatlon multiplicatlons were conducted at Castieford, Idubo, In 1932, T'he percentace of
bolters was siall, ranglng from 110 3.4,
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production by the frequent outbreaks of curly top. There is in
addition the large acreage of good land under irrigetion from which
the sugar-beet industry %las withdrewn and to which, by use of the
curly-top-resistant variety, the industry may, as economic conditions
justily, return. 'To supply the present active area of 50,000 to 75,000
acres in the affected districts where beets are now being grown requires,
at the customary rate of planting, approximately 1,000,000 to 1,500,000
pounds of seed annually. To produce such a quantity of seed, at
the conservative estimate of 1,000 pounds of seed per acre, would
require about 1,000 to 1,500 acres.

The first difficulty to be overcome is that of securing an adequate
supply of seed to plant the 1,500 or more acres for seed production,
because the original quantity of seed of the selected variety was small
and to make the needed increase under conditions where selection for
curly-top resistance could be continued would require 00 much time
and expense.

Under these circumstances, in order to secure a massive increase of
the seed supply, it is proposed to continue the multiplication of the
present seed stock without further selection. Special care will be
taken, however, that full random matings shall occur within the
plantings, in order to maintain the variety st its present level, if
possible, without serious retrogression.

As has been stated, theoretically this seems a safe procedure and
has proved practicable with other crops. The tests in 1930 were
conducted with the original seed stock of the U. 8. No. 1 variety
and for the tests in 1931 the first multiplication of the original seed
was used. The detailed data presented herein indicate that no drop

in curly-top resistance, in quality, or in c_Er'ield capacity occurred in

the first multiplication of the original sced. There is some evidence
that the second increase is essentially like the original seed and like
the first multiplication of the original seed. At the Rocky Ford field
station ¥ an intensive field study was made of the behavior of suc-
cessive increases of the U, S. No. 1 variety that had been produced
without selection. A quantity of the first multiplication of U. 8. No.
1 seed produced at Las Cruces, N, Mex., in 1930, was planted in the
greenhouse in early October in 1930, and a crop of beet seed was pro-
duced from several hundred unthinned planis late in the winter and
early in the spring. This second multiplication of the U. 8. No. 1
variety, produced withouf selection, was compared in 2 replicated
field test with the original seed, the first multiplication, and a com-
mercial brand. Unfortunately, the plots suffered from s nematode
attack, so that reliable yield data were not obtainable, but inspection
of the plots indicated no retrogression in yields in the areas unaffected
by nematodes. Comparable samples taken for sucrose analysis gave
closely comparable values for the beets grown from these three seed
lots (15.5, 15.6, and 15.8 per cent sucrose, respectively). No dnta
m regard to curly-top resistance were obtainable, because of the
absence of the disease at Rocky Ford, Colo. No indicetion of bolting
was seen.

" These tesls were conducied by G W, Deming, nssistunt EETgnottial,
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In order to meet the present need for rapid increase of seed, on the
basis of the plant-breedirg experience and the preliminary tests
reported, the immediately available seed stock of the U. 8. No. 1
variety {about 300 pounds), which is the first multiplication of the
original seed, has been devoted to increasing the seed supply by
growing, without selection, o second increase. %y extensive plantin
this in turn is to be directly increased to many thousand pounds m
the third multiplication. 'Thus the first seed to be used for sugar-
beet production will be two generations removed from the seed stock
which has now been extensively tested, and relinnce for ifs behavior
will have to be placed on the present rather limited information in
regard to the results of such direct multiplications without selection.

he experimental work of the Division of Sugar Plant Investigations
with this variety, however, is carried on each season with a stock of
seed of the variety one year in advance of the commercial production
of such seed, so that opportunity will be afforded to determine
definitely the performance of the sugar beets from such seed before it
13 utilized on any comprehensive scale by growers.

Investigaiional work already reported (I} and in progress has shown
that sugar-beet seed cen be produced economically by the overwinter-
ing-in-the-field method in at least three southwestern ereas in the
United States, namely, Mesilla Valley in New Mexico, the “Dixie”
section of Washington County and the Virgin River Valley in Utah,
and the Hemet Valley and the Beaumont sections of California.
The possibilities of beet-seed production by the overwintering-in-the-
field method have not been investigated in other sections where the
climate is adepted to it, and it is probable that other areas will be
found suitable for the growing of the crop. The growing of beet
seed requires some speciel knowledge of crop handling, fertilization,
fitting of land, and care of the crop. Moreover, the markes for sugar-
beet seed is restricted to the sugar-heet factories concerned, which are
the sole purchasers of the seed to be nllotled to the growers in their
respective districts.

In order to maintain and safeguard the resistant qualities from
deterioration by accidental hybridization with nonresistant beets, to
preveat mislabeling, and to coordinate the seed supply with a con-
tinuing breeding program, the Burenu of Plant Industry has supplied
an associntion of interested sugar-beet companies with seed, for
multiplication purposes only, of the first increase of the 1J. 8. No. 1
variety. This provisional arrangement has been made subject to the
requirement that the seed resulting be multiplied in the United States
and that the designation “U. S. Ne. 1 variety” be restricted to lots
of seed conforming to such standards and requirements as the burean
may need to impose in order to safeguard the public interest. During
the introductory period the multiplications of the seed are being
made under the direct supervision of the bureau. The performance
of the variety under field conditions will be closely followed.

Because of (1) the limited available supply of seed of the U, S, No. 1
vartety, {2) the obvious absence of a market for sugar-beet seed notpro-
duced by previous definite arrangement with the sugar companies,
who constitute the sole market for it, and (3} the obligation enforced
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by all companies that beets must be frown from the seed furnished
by the contracting companies, no seed of this variety ig being made
available for general distribution.

Under the plan of operation outlined the second multiplication of
the original stock of seed of the U. 8. No. 1 variety was produced
in the summer of 1932. This amounted to several thousan pounds;
enough of this was planted in the fall of 1932 to produce a large amount
of seed in 1933 for general use in the curly-top areas for the planting
season in 1934. As has been stated, the Federal experimental work
in 1933 will be carried on with the type of material svailable for gen-
eral use in 1934. If the resistant qualities and other attributes main-
tnin themseives as expected, the U. 8. No. 1 variety, when substituted
for the present susceptible brands in the most severely affected beet-
growing arens, should be very beneficial in relieving curly-top damage,
and in those aress continually menaced and sometimes seriously
damaged it should give a highly desirable assurance against excessive
losses to the beet crop. Utilization of the variety in its present form
is recommended with full recognition of the fact that it is far from a
finished product and is being released in order to meet an emergency.

SUMMARY

The curly-top disease of sugar beets has been a Bimiting factor in
many of the areas west of the Rocky Mountains from the time the
beet-sugar industry was started in those areas. The beet leaf hopper
is the only known transmitting agent of the curl -top virus, but the
efforts to combat this inseet have not yet resulted in adequate mens-
ures for-its control.

Progress in the study of disease resistance in suger beets as a con-
trol measure for curly top has previously been reported by several
workers. This bulletin reports an important advance in the produc-
tion of 2 resistant variety. By the combination of & number of
strains selected for resistance, a variety has been produced which has
a fair degree of resistance to curly top and is reasonably satisfactory
In other respects. This variety has been designated U. S. No. 1.

The curly-top-resistant variety U. S. No. 1 was tested in agronomte
triels, in 1930, m Idaho, Utah, California, and New Mexico and much
more extensively, in 1931, in these States and in Colorado. These
extensive tests demonstrated that it is markedly superior in resist-
ance to any of the standard commercial brands with which it was
compared. In sucrose and in purity it compares satislactorily with
stendard commercial brands of sugar beets now in general use.

The resistant variety U. S. No. 1 has some imperfections which
make further improvement desirable, but until » better variety is
produced from the strains now being worked upon, it seems advisable
that widespread use be made of this variety. Its use should afford
& commendable degree of curly-top controK
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