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EXPERIMENTS ON THE CONTROL OF
TOMATO YELLOWS

By MicuAEL SHAMOVALOY, Senior Pathologist, and F. SinNEY BeecHER, Scientifio
Adid, Office of Horticultural Crops and Disecases, Bureay of Plant Induatry?
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INTRODUCTION

In 1926 McKay and Dykstra {23)? reported certain experiments
which indicated that tomato yellows (western yellow blight)® is a
virus disease etiologically identical with curly top of sugar beets
and that, like the latter, it is transmitted by viruliferous beet leaf
hoppers (Zulettia tenellus Baker). Subsequent work by Shapovalov
(36;3 and Severin (37)confirmed the results of McKay and Dykstra.
(PL. 1.) Repeated plantings of seeds from the diseased and healthy
plants, made by various workers, gave no proof that tomato yellows
1s transmitted with the seed. Prior to the discovery of the cause of
the disease, much of the work with control measures was of a hap-
hazard nature. Yef some more or less positive results were ob-
tained, which may be of interest from the practical as well as the
theoretical viewpoint. In particular, efforts were made to alter the
environment in such a way as to ereate conditions favorable to the
host and unfavorable o the disease. Among other measures tried
were the application of sprays and dusts, variations in soil manage-
ment and in the time of planting, care in handling seedlings, and
the development of resistant varieties,

! Erlbanks Carsner, of the Office of Sugsr Plants, Baresu of Plant Indusiry, and I, 'W. Lesley, of the
University of Colifornis, read! the mannseript nad offered & number of suggestlons which greatly improved
the text, Acknowledgment is also made of the cooperation of the University of Culifarnin in providing,
at the citris experiment station at Riverside, the fcilities for some of the work herein veported.

2 Itnile apmbers in pureotheses refer to Liternture Cited, po 210

3 The name ' tomato yveliows" is now being more generally used in place of western

yellow biight and varlous other syponyms {33},

110521 —30—1
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The greater part of the field work described in this bulletin was
conducted at two places—the citrus experiment station of the Uni-
versity of California, at Riverside, and the United States Cotion
Field Station at Shafter, Calif.

ALTERATION OF THE ENVIRONMENT

Although in the past workers were at variance regarding the
etiology of the disease, many of them agreed that environmental
conditions have a decided effect on the development and the severity
of yeliows, Close observers could net fail fe note that the most
severa anttacks of yellows are accompanied by intense sunlight and
high {emperature, and that any factor which tends to moderate these
adverse conditions also brings about a reduction in the percentage
of plants diseased.

Henderson (1) as long sgo as 1906 observed that while in un-
protected fields yellows developed on 80 per cent or more of the
plants, not more than 25 per cent of the plants among large apple
trees were infected; und in one field where the plants were, in addi-
tion, protected from west winds, no yellows occurred. He tried
artificial shading, using corn plants, open-top boxes, and V-shaped
hourd protectors. When small V-shaped protectors were used, the
Jdisease was still abundant, affecting 1n some instances as many as
64 per cent of the plants, but the use of large ones reduced the
infection to 23 per cent; the use of open-top boxes reduced it to 29
per cent; und the use of corn reduced it to 33 per cent. Where no
protection was given yellows-occurred on 80 to 90 per cent of the
plants. Plants grown from seeds directly in the field (not trans-
planted) showed about 25 per cent infection. .

Humphrey (15}, while considering it as probable that the disease
was induced primarily by one or more root-destroying fungi, believed
that its effects are augmented by such external factors as tem-
perature, rapid loss of water from the leaves, and excessive in-
tensity of sunlight. In his experiments with individual glass-
covered boxes placed over esch tomsate hill, the reduction of the
disense obtaineg by this method was probably due to the exclusion
af insects and to shading. The boxes measured 12 inches on each
side and had wooden sides and glass tops. The glass covers were
removed when the plants were 6 inches high or more, but the sides
were left in position for the entire season. With this arrangement
an experimental plot at Clarkston, Wash,, showed only 3 per cent
of the disease, whereas in the neighborhood it ranged frem 4 to
93 per cent. In another plot at Pullman, Wash., all protected plants
were healthy, while neighboring fields were affected to the extent
of 45 per cent, .

McKay (22) reported that some growers had considerable success
in holding the disease in check by the use of natural or artificial
windbreaks, such as hedges or brush fences.

Shapovalov (34, 35) showed that a striking corvelation exists be-
tween the regional as well as the seasonal prevalence of yellows

" on the one hand and such climatic factors as tend to increase the
evaporating power of the air on the other. He shaded a cerfain
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number of plants by means of muslin tents constructed over por-
tions of rows in his plots at Riverside, Calif., with the result that
during a severe infection in 1024 the disease was reduced to less than
12 per cent, as compared with 41 per cent in unshaded rows.
Shapovalov and Beecher (38) noticed on several occasions that
lomato fields or portions of the fields located in orchards were, 18
o rule, less aftected by yellows than those exposed to the full sun-
light.  Severin (37} also observed in 1926 that © tomatoes grown
along u fence in the shade of eucalyptus trees were, with few excep-
Lions, healthy, while every plant exposed to sunshine was diseased.”
Rosa (26) believed thai shading protected tomato plants from
ellows, :
Y Similar beneficial effects of reducing the intensity of sunlight
were noted also in connection with the work on curly top of sugar
beets (1,2, 7, 8, 42).
REGUCED SUNLIGHT

Shaded tomato plante show a smaller percentage of yellows than
tlo unshaded plants for two reasons. In the first place, they are
protected to a certain degree'from the invasion of the insects. As
pointed out by Severin (37, p. 268), “the leaf hopper is a sunshine-
loving insect and usually will not enter the shade if its food and:
breeding plants are favorable.” However, the writers’ experiments
show (39) that when plants are artificially inoculated with the
curly-top virus by means of viruliferous beet leaf hoppers and then
distributed among chambers differing with respect to the light con-
ditions, the amount of yellows is refuced in proportion to shading.
In an experiment with such different habitats, where the total daily
light intensity was determined by means of the uranyl acetate-oxalic
acrd method (2), the results shown in Table 1 were obtained,

TanLe T —EBffect of light on development of tomato yellows

Percent- | Number
age of | of inoeu-
direct lated

sunlight

Ty pe of chamber cotering

+Fleavy muslin &
Light et Tatl 47 |
2 Inyers of window glase - il
1 lnver of windpw glsg._ . 71
Frame ns nbove (1o glass). . . B7

It appears, therefore, that shading not only protects tomato plants
from the insect virus carriers, but also is unfavorable to the sub-
sequent development of the disease. :

t is well known that ordinary glass transmits only a part of the
ultra-violet rays of sunlight. However, the data given in Table 1
indicate that the reduction in the number of cases of vellows in
this trial was due to the reduced intensity of light rather than to
its changed quality. This conchusion is further corroborated by the
results of another experiment conducted in the open field at Shafter,
Calif., in 1926. In order to reduce or cut off entirely a portion of
the ultra-violet ruys of sunlight, 22 tomato plants were roofed
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over with the thin glass (mentioned in Table 1) set in a continuous
framework built over this section of the row, allowing free access
of air on sides and ends, but protecting the plants from direct
sunlight except in the early morning and toward sunset. In a near-
by row 22 other plants were provided with a similar frame but
without glass. At the end of the season only 3 plants remained
healthy in each of these two groups of plants. The shorter wave
ultra-violet of sunlight apparently was not a factor in hastening
the diseased condition.

During the same summer & number of pruned tomato vines were
observed in a small lath house at Shafter. They showed no infec-
tion at first, but during June they developed several cases of yellows.
Since s good deal of disease had appeared in the field by this time
(92 per cent of the total number of plants being diseased by June
15), it is evident that the lath house exerted some influence in delay-
ing either the infection or the onset of the disease, or both.

SHADING WITH TALL-GROWING PLANTS

In view of the unquestionably beneficial resnlts derived from
shading in controlling tomato yellows, further trizls seemed desir-
able in order to establish definitely its practical value to the grower
and to develop the most efficient and economical methods of supply-
ing the necessary shade to the plants. Experiments with this object
in view were conducted by the writers at Shafter, Calif., where
natural infection is very severe almost every year. It seemed espe-
cially desirable to learn whether any of the tall-growing economic
crop plants could be profitably substituted for artificial shading
materials when planted in alternate rows.

Tour such crops wers tried in 1926—cotton, sesbania, milo maize,
and sunflower. Rows were laid out north and south, and the tomato
and the shade-crop seeds were planted on the same day (April 1),
the shade crop being only 12 inches west of each of the tomato
rows. Only the sunflower plants showed a rapid rate of growth,
and in five weeks from the time of planting they were throwing
shade on the young tomato plants after 2 p. m. The other crops

rew rather slowly, and the tomatoes in adjoining rows developed a
arge percentage of the disease before they obtained any benefit
from shading. Sunflowers gave a satisfactory protection from the
disease and reduced it to less than one-half of that in the check-
rows, but because of their proximity to the tomatoes tho growth of
the latter was checked very strikin%ly. However, the sunflowers died
prematurely about July 1 (probably from an insufficient water sup-
ly). As a result of there no longer being any competition for food
Ey the sunflowers, the tomatoes developed very rapidly and pro-
duced a large crop late in the season. (Pl 2, A.) A little over 7
per cent of additiopal cases of yellows were noted after July 1.

The experiment with sunflowers was repeated in 1927, and a sweet-
corn plot was added, but other shade crops were omitted because of
previous unsatisfactory results. The benefit from shading in this
experiment was, in the main, the same as in 1926. A iuch better
growth of tomatoes was obtained by planting the shade crop 36 inches
away from the tomatoe rows on their west side. In order to get the
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best results from shading the young tomato plants, sunflower seeds
were planted the last of February, or 88 days in advance of temato
seeds {plunted April 6). Five weeks after the tomato seeds were
planted the plants were shaded by the sunflowers after 2 p. m. On
the same date the corn shade did not reach the tomato plants until
after 3.43 p. m. About July 1, sunflowers were removed from one-
half of ezch row. Nearly ¥ per cent of additional yellows developed
in these half rows therveafter. (PL 2, B.)

The shading experiment with sanflowers was again repeated at
Shatter in 1928.  Of the shade crops only the sunflower was retained,
This time the sunflower seeds were planted on February 2 in rows
running in the same direction as before, but 9 feet apart instead of
7 as in 1926 or 8 as in 1927. Tomato seeds were planted on March 15
and 16 in rows 4 feet east and 5 feet west of each of the sunflower
rows. The shade reached the tomato plants at abeut 2 p. m. on
March 186, six weeks after the sced was planted. The infection with
yellows in 1928 was very slight at Shafter and throughout Cali-
fornia, Most of the disease In the Shafter plots developed before
any benefit from shading with sunflowers was secured. The results
of the 3-year experiments with shading by means of tall crops are
given in Table 2.

Tanie 2—Effect of shading with crops on the amount of tomato yellows, Stafter,
Calif.

Percentnge of plants infected
with yellowsa
Shade cropr amd duration of shading

1027

Sunflower:
U ta Juily 1 oniy,
Tla entire senson—
In portious where stinflowers were removed an July 1
In portions where sunflowers r naed the entire
Sesbanin, during thoe entiro season
Colton, during the entire sensen
Miln, during the potiro serson_

DURATION OF SHADING

The resuits given in Table 2 indicate very clearly that shading
materials may be dispensed with about July 1. The writers’ obser-
vations at Shafter show that as a rule tomato yellows in that section
reaches three-fourths of its seasonal total during the second week
gf i] une and that nearly ail of the remaining fourth develops prior to

uly 1. :

Table 8 gives a summary of seasonal developments for three suc-
cessive years. This abatement in the spread of the disease is thoughit
to be due in part to the cessation of flights of the beet leaf hoppers
and in part probubly to the age of the plants. These points are
discussed more in detail elsewhere in this bulletin under Time of
Planting.
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TasLe 3.—8cesonal progress of tomato yellows at Shafier, Oalif.

Itams of comparkson 1026 1027 128
Totnt nunmher of Hants vader observation. . ome oo e e ecccemm 1,417 800 875
Numbor at Lthie beginning of the season:

F11LL T, Mnay 14 | AMay 13 | Moy 16
Number of cuses to dute R 13 7 15
Percentage of senson's totul Lo dote 09 4.4 17. 8

MNumber at the end of Moy
I L S Mpy 28 | May 20 |
Munber of cases todate. ... .. 648 42 | eemam
TI"erconinge of season’s total bo dato. oo oL e _ 53. 0 420 | s
Mumber In purly or middle June:
I e s e mm— e mmm——em——— e mm————————————————— Juna 4| Jume 13 | June 4
Nuwber of eoses o dute i i) 420 a2
Parcentnge of season’s total to date... 7 74.5 720
Numbor ut the end of June:
D i imeimmmmseameeeasisssaasseeans June 28 | Jupe 28 | Jume 22
Number of enses do dale. i ieimieen 1,254 5449 81
Percontnge of season’s tolol to date. . _ J— 08.2 95,3 5. 3
Nuomiber st the exnd of the sepsolt:
Dinta. . Aug. 24 | July 20| Aug, 8
Number of cases to dnte. .. fmemmmmsmmmm—m——na] 1,277 578 85
FPercentage of seasom’s totel o date . .l 150 108 100

SHADING WITH MUSLIN TENTS

Besides the shade crops, cne row in 1926 was shaded by a heavy
muslin wall, 3 feet high, placed immedistely on the west side of the
row. Three of the 33 plants in this row survived throughout the
season ; thus 90.9 per cent were infected with yellows, as compared

%
LY

1
L] ‘ﬂi

Ficuep 1.—A knockdown frame for shading rows of tematoes

with 99.7 in the checkrows, A more efficient method of cloth shad-
ing copsists in building low tents over the entire rows. In the 1924
experiment st Riverside the frames for such tents were built of
laths and were very satisfactory for one season, but it did not seem
practicable to save many of the used laths for another season. At
Shafter in 1927 the frames previously used for the test with glass
covers were adapted for the construction of muslin eages. The
results were satisfactory. §Pl. 8, A}

Finally a rather simple frame that can be used a number of years
was evolved. It may be built of inverted V’s from strips of lumber
about 4 feet long, three-fourths of an inch thick, and 3 inches wide,
sharpened at one end for inserting into the soil, and with a bolt
hole near the other end for bolting the pieces at the top. (Fig. 1.)
One of the inverted V’s is set over each plant, and a ridgepole of
1-inch strip is run along the top. Two widths of cloth inay be sewed
together lengthwise and then spread over the framework and fas-
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tened here and there to the outer sides with tacks. The cloth and the
. frame may be removed at the end of June and saved for another
yeur. Muslin of 50 meshes to the inch is satisfactory, but a heavier
muterial may be used if durability is desired.

On the busis of the writers’ trials, it would scem tha$ this method
muy be satisfactory under certain conditions, particularly for small-
sized patches in areas of severe infestation. The results obtained
with this form of shading in 1927 and 1928 were as follows:

1927 1928
Pearcentuge of plants infected wlth yellows, in rows
shuded by tents 108 3.0
Percentage of plants infected with yellows In un-
shaded rows 807 142

If these tents are made inseet proof, a still better control may be
obtained. One such closed cage was used over 20 plants in 1927,
Only one plant contracted the disease, which probably came through
the cloth when the plant became so large that it pressed tightly on
the muslin. No additional cases of the disease developed after the
cage was removed on July 1. (Pl 3, B.) A serious disndvantage
of this closed cage is that the setting of the fruit is somewhat de-
layed. This unfavorable effect may possibly be overcome by the use
of more loosely woven textiles, such as tobacco cloths, which would
permit more air movement through the inelosure. In experiments
with control of aster yellows transmitted by Cicadula semnotaia
Fall., which is only slightly larger than Euiettiz tenellus, Jones and
Riker (19) reported satisfactory results from a cloth having 22
threads to the inch, while Kunkel (20) obtained a reduction of yel-
lows from 80 per cent to 20 per cent by shielding plants with fences
built of wire screen having only 18 meshes to the inch.

The question may be raised as to whether the economic gain se-
cured through this means of protection justifies the expense con-
nected with it. As the trials at Shafter show, the tent shading may
save about three-fourths of the stand. The cost of the tents prepared
for these experiments naturally was higher than it would have been
for # large grower, because in this case the materisls were bought in
small quantities. The quantities of lumber and muslin necessary to
cover 1 acre will depend somewlat on the spacing used, especially
between the rows. If tomatoes are planted 6 feet apart each way,
1,200 plants will cover 1 acre. To build the tents illustrated in
Figure 1 to cover this number of plants will require 8,000 board
feet of lumber and 4,800 yards of muslin. Assuming that the price
of Iumber is 4 cents a foot and the price of muslin 10 cents s yard,
the total cost of these materials per acre will be $600. To this should
be added the cost of bolis, about $25 cr $30 per acre. Although the
material may serve for a number of years, it is evident that for the
majority of sections where yellows does not occur with regular
severity, the mean annuul expenditure for tents may still be too
%reat. to be profitable, unless tomatoes bring unusually high prices.
The protection afforded by sunflowers or a similar tall-erowing crop
1s more nearly within the reach of the average grower.

SHADING WITH LOW AND DENSELY GROWING PLANTS

The effect of a dense growth of weeds on the development of
yellows is also of interest in connection with shading. Severel ob-
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servers (7, 2, 39) noticed that very weedy beet fields showed a much
smaller amount of curly top and produced a fair crop, whereas clean-
cultivated fields suffered severe loss. As the leaf hoppers apparently
prefer a warm, open, sunny location to close heavy vegetation cov-
ering the ground, it may be possible that the dense vegetation is less
frequently invaded by the insects, and a smaller amount of disease
would naturally rvesult. The dense foliage may, of course, exert
other influences, as on soil moisture and soil temperature.

To test the effect of low, dense vegetation, buckwheat was planted
in 1928 in drills about 1 foot apart in a small tomato plot at the
time of setting the plants (April 16 and May 20). A second plot
had cowpeas broadeast March 20, and the tomatees set on the same
dates as in the buckwheat plot. The seasonal progress of yellows
is given in Tuble 4. :

Tants 4 —Previlence of yellows in tamato planis in dense growth of duckwheat
and cowppens

April planting May plonting Plantings, both plats
Intgrerop MNumber Number MNumber | Petcent-
nrtrl‘ll]]:&l:r of ‘2‘;3' n'gg}g;r of S;a' n'l{r'ﬁgtl-!r of dia’ da:ge gd
[ eas eqse 731
of plants plants of plants plants of plants plants | plants
Checks (tomatees only) . ... &7 10 59 17 118 27 .3
Buckwheat 54 5 55 4 1G9 14 12.8
COW RS . - o e smam s 56 2 &1 1 107 3 28

As the buckwheat in the late plot was small until the latter part
of May (during the period of greatest infection), this may help to
‘explain the nearly double infection as compared with that in the -
eartier planting where the buckwheat was in full bloom and from
12 to 15 inches high by June 1. In both early and late plantings
the buckwheat was zble to reduce the infection by about 50 per cent.
However, the tomatoes were rather pale and not very vigorous as
a result of the intercrop of buckwheet. Among the cowpeas the
tomato vines were almost completely submerged and smothered, in
spite of the cowpeas having been thinned out, and the resulting
tomato vines were very weak and spindling, with almost no fruit.
Apparently the cowpeas prevented the infection. As the 1928 sea-
son was marked by an unusnally small percentage of yellows, it is
donbtful whether this protection would be as effective in 2 season
of severe infestation.

Tt is a well-known fact that seedlings left in the seed bed are
seldom seriously affected by yellows. Dense growih in this case
again appears to be the main factor. However, if continuous rows
of seedlings are grown in the field, with a wide spacing between the
rows (G feet or more), they may be no less aifected in years of
severe outhreaks than are plants set out individually in the regular
way. An experiment conducted at Shafter in 1926 indicates this.
Two such continuous rows were planted, each containing several
hundred plants. At the end of the summer only seven plants re-
mained unafiected, while all the others had died from yellows.

In the Northwest, among some growers, there is a practice of set-
ting move than one plant in each hill in order to have as nearly a
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normal stand as possible in spite of the loss from the disease, Tt is
abvious that this measure can be of no ussistance during Sea%S0Ns
when the amount of yellows approaches 100 per cent, but it might
bring the desired results with a smaidler infection. A double num-
ber of plants set two plants to a hill with only 50 per cent of the
disense may be expected to give w much-improved stand,  However,
even better results, with respect to the vigor of plants and yield,
niight possibly be obtained by setting the same number of plants
individually with half the usual spacing in the row.,

SPRAYING AND DUSTING

The purpose of spraying or dusting in the cuse of tomato yellows
mny be threefold. It may be done to destroy the leaf hoppers, to
repel them, or tu enable thie plant to resist the infection. Tt is doubt-
ful whether the use of insecticides on tomatoes for the first of these
wurpeses will ever be practicable, since there are so many natural
}msts of Futettiv fenellys, both wild and cultivated {4, 7, 27, 30,
32). More tangible results muay be expected from repellents and
protective sprays and dusts, although thus far there has been but
hittle encouragement along this line,

Severin {28, 83) tried nicotine-sulphate dust, but the results were
unsatisfactory. However, Schwing, as reported by Haring (10),
found thut a heavy application of nicodust destroyed hoppers on
beets where the hoppers were actually hit. Carsner and Stahl {7}
used several insecticides as well #s repellents in both liquid and dust
form. but no benefit worthy of consideration resulted. More re-
cently Cuarter {8} conducted experiments with a view to enabling
sugar-beet plunts to resist the cifect of the curly-top virus after it
has been introduced into the plants. He had planfs sprayed with
lampblack, zine oxide, and Iime, as well as unsprayed plants for
checks.  Plants sprayed with lampblack, a Light-absorbing pigment
which sereens off a considerable portion of the san’s spectrum, suf-
fered more than unsprayed beets. Plants sprayed with zinc oxide,
a light-vefleeting pigment but one with severe reduction in the
shorter end of the spectrum, were slightly worse off than unsprayed
beets.  Only the plants spraved with lime, a light-reflecting pigment
which does not interfere to any considerable extent with the shovter
waves, showed an increased resistance to curly tep. .

Similar tests were made also with tomatoes in the plots at Shafter
during the summer of 1926. Various sprays were tried in studying
two possible effects on the plants—the chemical effect and the shad-
ing cffect due to absorption or reflection of incident light. All spray
applications were made with a knapsack sprayer during the last
week in May. when infection is usually very severe and general and
the progress of the disease rapid. The sprays were repeated in 6 to 10
days, and plants in all stages of vellows were used.

As iron salts have proved beneficial in certain types of chlorosis,
ferrous sulphate was applied in solntions varying drom 2 to 6 per
cent. alone and in conjunction with ammonium sulphate, to form a
less readily oxidized iron compound. There appeared to be no bene-
ficial effect either in improving the color of the plants or in retaid-
ing the advance of the disease. and the 4 and 6 per cent solutions
burned the folinge considerably. This negative result was not sur-

o521 —30——2
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prising, as the yellowing of the foliage may have been due to other

causes, such as an excessive accumulation of sucrose and reducing

sugars, which Rosa (25) found to occur in the diseased plants,
rather than to u deficiency of ivon in the leaves. This excess of enr-

bohydrates may have been responsible for the upsetting of the

ﬁhlmf':{ophyll mechanism. In this case iron sprays could be of no
enefit.

With a view to changing both the quantity and the quality of the
light received by the tomato leaves, other sprays were tried. Certain
sulphides having a metallic Juster are known to have a high veflecting
power for ultra-violet light {(9). In an attempt fo cut down the
ultra-violet rays of the sunlight reaching the leaves, finely ground
iron pyrites was applied as n spray. At first the leaves showed a
decp-green color following the application, but the progress of the
disease was neither stopped nor retarded.

In the dry air of the San Joaquin Valley of California the heat
and sunlight are intense in June. As the heat rays are known to
penetrate moist air much less readily than dry air, and as the orange
and red portions of the spectrum are thonght to have great influence
in the process of photosynthesis, it seemed desirable to reduce the
intensity of light penetrating the leaves and at the same time to cut
off a large portion of the orange, red, and infra-red rays by placing
some reflecting or absorbing substance on the foliage. Heavy coat-
ings of ealcium carbonate, magnesium carbonate, and hydrated lime,
in the proportion of 14 to 1 pound of powder to a gallon of water,
were applied in spray form. Although these applications were with-
out effect in checking the disease, the green of the foliage seemed to
disappear less rapidly than in the unsprayed diseased plants.

The only spray that gave any indication of retarding the disease
was a solution of 2 per cent ferrous sulphate with enough hydrated
lime to make the solution alkaline; that is, a sort of *iren Bor-
denux.” This gave an orange-colored deposit on the leaves. How-
ever, only a slowing down of the disease was apparent, and this was
not great enough to be of any value where the infection was severe.

In May, 1927, 4450 Bordeaux was tried, to see if it would show
some repellent action on the insects, as in the case of the potato
leaf hopper, or possibly show a screening action on the light. The
results were negative. Ileven cases of yellows developed among the
52 sprayed plants {21 per cent), as compared with 15 cases among
65 unsprayed ones (23 per cent).

SOIL MANAGEMENT

At the time when yellows was thought to be caused by certain
soil fungi, crop rotation and the disinfection of seed beds were con-
sidered advisable by some (22). Others observed that there is no
apparent correlation between the amount of the disease and the
supposed contamination of the soil, and that even on new sage-
brush land the infection may run as high as 100 per cent {11, 10).
While thus the crop-rotation idea failed to find much support among
the students of tomato yellows, soil conditions were regarded as
of by no mesns slight significance. The fact that the disease is
more severe in hot and dry regions, or where the loss of moisture is
higher, forced upon many the thought that the losses may be re-
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duced by incrensing the supply of water to the plants. Some trials .

and observations seemed to confirm this beiief. Also, indications
were found that an abundant supply of humus in the soil, or well-
fertilized soils, helped to check the development of the disease.

This was first pointed out by Huntley (16), although he stated that -

lack of manurve and humus in the soil had not proved to be the
cnuse of the trouble.

Henderson (13) concluded that—
plants set in good soll, well watered and cultivated, and protected from too hot
sun by close planting und shading, and from severe winds by orchards, corn,
or other means, will give very lithle blight, )

The disease became very general by July 1 in the field where he
had his trials in 1904, with the exception of the part “ which had
heen submerged by the rise of the river” soon after setting. In
two rows of another patch, which were ¥ cleared of weeds, heavily
limed and manured, and finally spaded up and put in prime condi-
tion, oniy one plant was blighted ” out of 48, while the remainder
of the plot showed many diseased plants, He also tried commercial
fertilizers, but no definite beneficial results were derived (12).

MeKay (22) advocated an abundant supply of moisture, 2 liberal

use of barnyard manure, and good cultivation as important factors
that tend to reduce the losses from yellows.

Thornber (47) veported a distinet gain from the application of
manure. In his experiments at Clarkston, Wash., manure was ap-
plicd in the trenches, covered with several inches of soil, and the
tomatocs set over the manure. None of the 400 plants so treated
developed yellows, whereas about 90 per cenu of the 400 or so plants
in an adjacent unmanured plot showed symptoms of the disease.

Smith (40) found no benefit from the application of sulphur or
lime,

Sulphur tests were conducted by the writers for two years on a '
small scale at Shafter. In 1927 sulphur was applied at the rate of-

4(0 ponnds per acre in shallow furvows and harrowed in. No redue-
tion in the disease was obtained from this application. In 1928
a seeond application at the rvate of 800 pounds per acre was made
to the same plot by broadeasting and was harrowed in before the
tomatoes were planted. On this plot in 1928, 16 ont of 116 plants,
or 1.8 per cent, developed yellows, while en the untrented adjoining:
area 27 out of 116 plants, or 23.3 per cent, became diseased.

IRRIGATION AND FERTILIZATION

Experiments with irrigation, cultivation, and fertilizers were con-
ducted by Shapovalov (:24). In his irrigation experiment in 1922
during a serious outbreak of yellows, the disease practically ceased
to develop after four weekly applications of water in a portion of 2
commercial feld at Wineville, Calif. At the same time, in another
portion of the field which had been irrigated only once the disease
continued to develop for four additional wecks, with the vesult that

about 10 per cent more of the plants became affected during the:

period of the experiment in this plot than in the wetter plot. During

the next two years his experiments were repeated more carefuily at’

another place in conjunction with different frequencies of cultivation,
and the available soil moisture was measured by the porous porcelain

T
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soil points of Livingston and Koketsu. In 1923, when the attack
of yellows wag very slight, it seemed as if the disease had a tendency
to be more prevalent on drier plots, thus corroborating the results of
the 1922 experiment; but in 1924, with a very severe outbreak of
yellows, no correlation could be seen between the amount of the
disease and the available seil moisture as measured by the soil
points. Only the plot fertilized with ammonium sulphate at the
rate of 200 pounds to the acre showed a slight reduction in the per-
centage of yellows. It should be noted, however, that the results
obtained with frequent irrigation in 1922 are not quite comparable
with those secured in the next two seasons, since they were conducted
it different loealities and on different types of soil.

The writers tried various fertilizers and lime in 19235, when yel-
lows was as severe as in 1924, and agzin in 1926, when there was g
moderate nttack of the disense. The plot treated with lime showed
considerably less yellows than the check in 1925, but there was no
significant difference in 1926. Other treatments, as Table 5 shows,
did not seem to have any effect on the disease. All plots were
adjacent.

Tasrs b—Tomelo yellows on differertiy fertilized plots at Riverside, Oalif, in
1835 and 1928 ’

1825 1926

Percant- Tatal

Number
are of aga of
pinats number | of plants plants

allacted |0f Piantsl affected | jiroopeq

T'rentment Total |Number Peteent-

number |of plants
of plants| atfected

Cheek i . 177
Alr-sinked limme, 3,000 pounds to the ncre 88 .

Buperphosphate, 428 pounds to the sere. ...
Potassium suiphate, 160 pounds ta the acre
Complete fertillzer, 8-0-8,

Irrigation water was supplied as needed; that is, once in three
or four weeks. It is possible that with a more abundant supply of
water the effect of the fertilizers might have been more pronounced.
Shapovalov’s unpublished notes on his 1924 fertilizer trials show
that the percentage of yellows was smaller on wetter fertilized plots
than on drier fertilized plots. {Table 6.)

Tanne S8.—Tomale peliows on plots fertilized with u;mno{aium sulphate af the
rade of 200 pounds per aere, Riverside, Colif.. 1924

Total | Number | Tercest-

Treatment number | of plantg | 88 of
of plants | affected alf’fi:cn;e%

Lrrigation once in 4 weeks:
Fortilized piants
Plnnts in unfertilized ends of snnw rows. ...
Irrigntlon phee in 2 weeks:
- Fertilized pinnts
Plonts in unfertilized vuds ofsame rows_ oo L ._...
Ireigntion avery week:
Forbilized pWnls. i imiimicmimimcaeaaen
Plnnts in nnfertilized ends of same rows.
Tote! number of fortilized plants__ . __._.
Tatal numhor of plants o anfertilized ends of rows
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Ay Tematoes grow s boder a loosely covered iosTin tent antil Jely Dt shafter, Calif, i 1097, The
vlondn is removed Lo show the geneeal vigor of thie shiaded glants @ comparnd with those goshoded,
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29 days Blter transplanting
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The ammonium-sulphuate plot which wus irrigated once in four
weeks (Table 6) may be compared with the ammonium-sulphate
plot (Table 3) which was not irvigated. A decrease of T per cent in
the amount of vellows is to be noted in 1924, as compared with the
respective cheek plants, but practically no decrease is seen in 1923,
while in the 1926 plot there was an even greater amonnt of the
disease than in the check. The plot irrigated every week showed a
decrease of nearly 3 per cent compared with the respective cheek.
It is to be noted that the unfertilized ends of the rows also show
progressively less disease in the more frequently irrigated plots.

S(HL DRYNESS AND PREIRRIGATION

Theve are indicutions that it the soil is kept very dry, practically
at the point at which plants wilf, the development of yellows may
be retarded.

At Riverside, in 1924, & sced plot was planted on a virgin desert
soit adjacent to a tomato field, prior to the cessation of spring rains,
and was not irrigated thereafter. A number of plants died from
dryuess, but none showed symiptoms of yellows. A few even sur-
vived the unfavorable conditions and showed recovery in the fall.
(PL -k, A} During the same sesson the adjacent tomato fieid
showed 35 to 45 per cent of the disease.

Additional tests along simnilar lines were made with regularly
planted tommato plots at Shafter in 1927 and 1928, The plot
which was to be kept dry was flooded before it was planted. Seeds
were planted direetly in the field about the middle of March, and
the ground was irrigated a few times, until the young plants became
established. or about the middie of May. Then the dry plot was
not irrigated again until the plants showed wilting, which was 9 to
10 weeks after the previous irrigation. In the meantime the eheck
rows were irrigated every 7 to 10 days. After about the middle of
July both the dry and the regular plots were irrigated at necessary
intervals. As is shown in Table 7, the 1927 dry plot-had consider-
ably less vellows than the check plots. In 1928, when the disease was
\’05"\{' much less severe, no benefit from either form of irrigation was
evident.

Tavre T—Effect of oslreme seoil dryguess on the devclopment of tomato yoelliws

Pereentage of plants
infeeled with yel-
lows

Lavslion
1927 192
Dy plok at Shafler 81,7 159
Check on the west gide 848 13.6
Check on bhe past alde, . . ., L., 01, ¢ 17.4

GREEN MANURING

To determine the offeet of introducing organic matter into the
soil il producing more vigorous plants, experiments with green
manuring were conducted by the writers at Shafter.  Melilofus indica
was tsed oy a green-manure crop on the same plots for two sensons.
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being planted about October 10 each year. The first crop was
plowed under about April 1, 1927, well after full bloom, when the
srowth was very heavy. The second crop was turned under about
February 10, 1928, nt a much earlier stage of growth and before
blossoming. The tomato vines of 1927 were greatly stimulated in
growth on the cover-cropped areas, but the cffect was less striking in
1928. As regards yellows, the results, considering only the manured
and uninsnured arveas, me shown in Table 8. These figures do aot
point to cover crops us & means of producing plunts vigorous erough
to withstand the infection to any marked degrea.

Taure S—Fffcel of green manuring on toonato yeflows

Cinntg in cover crofr el Plupts in bae aren

int i 5
- - . Perost-
Fotnt | Number age io-

nyreber | infected - footed

. s .
Potal | Nwaber 1.1;[‘“?:::
nitniber i infected © "o

i

182

1M1
15
134

GREEXN MANURE WITH LIME AND FERTILIZERS

Tests by Rosa (24) and by Hepler and Kraybill (/4) have shown
phoesphate fertilizers to be very effectual in stimulating the early
growth of tomate plants. As it was known that plants in the more
advanced stage of growth arve less susceptible to yellows, it was
thought desirable to test the effect of veadily available phosphates.
Superphosphate (18 per cent}), at the rate of 800 pounds per acre,
and steamed bone meal, superphosphate with hyvdrated lime (1,600
pouids per aere), and a complete 4-10-11. fertilizer were used so as
to give quantities of phesphoric acid equal to that in the superphos-
phate.  These applications were made to certain rows i plot A
{referred to in Table 8) in October, 1926, before seeding the cover
erop of melilotus. The subsequent plewing of the land v April,
1927, naturally redistributed the fertilizers, so that the results in
1927 were neither very reliable nor clean-cut. The great variation
m amount of disease even in the checkrows {6 to 40 per cent} made
the resulls very indefinite.  The cover-crop area showed an average
of 20.3 per cent of yellows where phosphates had been applied and
26 per vent in the checks. The area without cover crop showed an
average of 22.2 per cent of discase where phosphates had been ap-
plied. as compaved with 18.7 per cent in the checks.

An additional fall applieation to a portion of plot A of 1,200
pounds per acre of 18 per cent superphosphate for the 1928 crop
was of no benefit in the veduction of yellows. either directly or in-
directiy, through the cover crop.

The effect of the hydrated lime applied in the late summer of 1926
at the rate of 1,000 poundds per acre to haif of plot B, referred to in
Table 8. could be mere readily determined than in the ease of the
phosphate fertilizers of plot A, where the ynantities were small and
distribution was upset by subsequent plowing.
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While the Inrger amount of yellows in plot B8 in 1927 may be ac-
counted for in part by the plants being about seven weeks younger
than those in plot A, and hence more susceptible to the discuse (see
Tuble 10), there still appears to have been some benefit from lime,
but onty in conjunction with the green manure, as Table 9 indicates.

Tanre S—Effect of green manure and lime on lomalo yellows

Plants in cover-crop nres Elants in bare aeen

Year angl treatment of plol B i N :
Total  Number | D0t nuer | Numbar | Pereent.

_ ; age in- | ) ago in-
number - infoeted | b, 5 ¢ nwmber | infucted focted

LGa7: ! .
[ 18 5.1 4
Untined . ia a7 375 ¢
N
Lhmede ..o o - 1 .
UnlMmend ..o s 50 G .

! 8 0.

In 1928, while the number of disensed plants was small, the limed
aren again showed less yellows, the influence apparently cxtending
tht'oung the unmanured aren as well. which was not the case in
1927, “The above figures are more or less in line with those previ-
ously obtained at Riverside (Table ), although they can not be
reparded as conclusive.

In other experiments disensed plants were subjected to different
soil treatments. to study the possibility of recovery. In 1920 at
Shafter plaats in various stages of yellows were transferred (with
routs) from the ficld to -gallon cans,  The soil in these cans recoived
applications of NaCl, KCl, CaCl,, FeCl,, TFeS0Q,, KI,PO;,
NILILPOL. CaiNO;).. or NaNO,.  Although three weeks later the
plants were nearvly dead from laclk of water, the green color of the
stems in some cases where w chioride had been used, especially KCI,
suggested some  improvement. Other cans received manure or
manure with CaCO; and NaNO,. The plants in the soil receiving
CaCO, and NaN(); survived somewhat longer than the others.

In other somewhat similar tests made at Riverside in the summer
of 1926, disensed plants from the field were transplanted to 10-inch
pots, the soil receiving the foltowing treatments: Gypsum, gypsum
with compost, hydrated lime (about one-haif per cent), lune with
compost. and chopped alfalfa top mulch. While the healihy plants
continued to grow in most cases, none of the diseased plants showed
any sign of recovery.

Other tests with diseased and healthy rooted plants and cuttings
grown in various very dilute solutions gave little information. In
solutions of FeSO,. iron pyrophosphate, MnSO,, and NaCl the
plants promptly died. Diseased cuttings in solutions of Ca(NO,).,

aCly, ;\:[;‘_r‘SO... K.80,. KNO,, K,HPO,, NH,H.PO,, and a complete

nutrient solution developed no rootlets, except in tap-water checks,
but even there they were short lived.  "The greenhouse was very hot,
and all cuttings decayed rapidly. Only the Ca(NO;), and CaCl,
solutions stiggested any trace of beneficial effect on the cuttings.
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TIME OF PLANTING

It appears to be a definitely established faet, ns far as sugar beets
are concerned, that a crop planted early, between December 1 and
March 1, under California conditions except in the fog belt, will
not suffer from curly top as much as n later-planted crop (%, 7, 29,
$2). The main point emphasized in this connection is that the bects
should allain a vigorous growth before the leaf hoppers move into
the cultivated nreas. Similar but less definite observations have been
mnde by the previous workers with respect to the time of trans-
planting tomatoes. The growing season in this case, of course, is
different, but the principle involved appears to be the sane.

As in the case of sugar beots, it is essential, from the viewpoint
of minimizing the yellows infection, not to have young plants
exposed to the leaf hoppers during their migration. Yaw (44)
noted that when new plants are planted in June in place of those
affectecd with yellows they almost never show the disease. In this
cuse the transplanting is done after the main flight of the hoppers.
In the writers' own work at Shafter in 1927, of the 117 seedlings
set out on May 27 and 28, 26 or 22.2 per cent developed into plants
having yellows, while of the 267 transplanted on June 13 only
19 or 7.1 per cent were affected. As explained by Severin (31, p.
267), * After u large flight occurs the adults are generally distrib-
uted on all green vegetation,” and * the insects are often found on
unsuitable food plants,” such as tomnatoes, but later on ™ the hoppers
congregate on their most favorable food and breeding plants.”
Only the late-shipping crop of tomatoes can be planted in June and
July. The canning crop and especially the early shipping crop
require & much earlier planting. However. there are bub few local-
ities in the west (the Coachella and the Imperial Valleys) where
tomato plants are set out early enough to develop inte large and
vigorous plants before the onslaught of the insects and thus be less
susceptible to the disease.

Ball (2) and Carsner and Stahl (7) found that beets become less
easily infected as they grow older. The writers’ inoculation experi-
nients show that the seme is true also in regard to tomatoes, Plants
of different ages were inoculated in different years and in different
localities. and in each case younger plants appeared to be more
susceptible and developed symptoms in a shorter time than did
older plants, as may be seen from Table 10. In these experiments
secds were sown directly in the field, and later the seedlings were
thinned out to one or two plants in the hill. Only one plant in each
hill was inoculated. When more than one series of inoculations was
made during the season each time an equal number of plants in
each age group was used.

TARLE 10—Relation of age of iomuto plunts to susceptibility to yellews

. i
! FNambher | Pereent-
Losatiot ~Time of seed- | of in(:uu- é?[l[:)'l':lm; ape of
; ing Polated oo ed planis
; i oplants | infected
RIVOTRIt, O oo en oo e mcemmrmrcaamme cmam e ameeo oo BIRE 15,1020 5|
| 1 T ... Apr. M6 IBET i
1Mo... . cuman .. Mar, 21928 ’
Moy 1, 1023
Jan, 11,1006
Feb, 14,1028 '
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Another test was made in regard fo the relation between different
limes of transplanting and natural infection in & year when yellows
was very serions. The results are in line with those obtained with
artificial inoculations, as reported in Table 10. Five transplantings
were made showing that plantings before and after the month of
May were less affected than plantings made about the time of the
flight of the leat hoppers. (Table 11.) This trial was conducted
at Riverside, Calif.

Taste 11.—Relation of time of transplaniing tomato plants to susceptibility lo
yellows at Riverside, Calif., in 1025

Total | Kumher Pm,'mnt'
Date of tranapinollog number |of plants lynts
of plants | infected IEIected

Apr. 27 . R 108 13 30.4
My 20 e e et e . 1256 ol 41.2
Juno 15, . - i 20 22.5
BT —- 2 20 3L.7
Aug. i - 74 3 4.0

From this data it appears possible to aveid some of the losses
from tomato yellows by manipulating the time of planting whenever
practicable. Late-shipping crops in California as a rule are only very
slightly affected by this disease. They are not planted much before
July 1. It is the early crop that needs special attention. By plant-
ing it as early as the frost permits, under certain conditions some
of the infection may be avoided. The best results are optained,
however, when the crop is planted early and some form of shading
provided, as is shown by the results obtained at Shafter and dis-
cussed in connection with shading.

Since the relutive prevalence of beet leaf hoppers in an area in a
given season depends on the number of insects going into hiberna-
tion, the quantity of winter-food plants, and the climatic condi-
tions, the study of these factors has made it possible to predict the
severity of the hopper infestation prior to planting time. When
such forecasts are available, growers may be able to avoid planting
susceptible crops in years expected to have serious outbreaks of the
disease. Forecasts issued by Walter Carter, of the Bureau of Ento-
nology, United States Department of Agriculture, during the last
few years for an area in southern Idaho were used extensively in
connection with beet plantings. No application of such data has yet
been made for the purpose of avoiding tomato yellows.

Although certain natural enemies of Futettia tenellus are known
to exist, the beet leaf hoppers do not appear to be seriously affected
by their presence. Therefore forecasts are not likely to be sub-
stantiaily offset by this factor. Also, as yet, there is no strong evi-
dence that a biological method of control of this insect is practicable.

METHODS OF HANDLING SEEDLINGS

Before the discovery of the true nature of yellows many scientific
workers as well as practical men were strongly of the opinion that
the extent and the severity of the disease depended to a large degree
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on root injuries. Such injuries as those resulting from unfavorable
physical soil conditions, the use of implements, or carelessness in
iransplanting were held to be accountable. Often infected plants
were removed with their roots from a shallow soil with underlying
hardpan or “ plowsole,” and the twisted and deformed roots were
shown as an indisputable proof of the cause of the diseased condi-
tions, Never were sufficient numbers of healthy plants in the same
field examined to show whether these had normal roots or not. The
injury inflicted in transplanting was considered to be especially
serious. It was thought in this connection that plants grown from
seeds directly in the field would not suffer as much from yellows as
the transplanted ones. Henderson (12, 13) conducted tests in Idaho
(near Lewiston) in 1905 and 1906 to prove this. In 1905 only 6 per
cent of his seedlings (planted May 12 and later) were affected,
while 60 per cent of the transplanted plants (set June 9 to 11) were
disensed. In 1906 the respective percentages were 25 and over 80.
This time the seedlings were planted about May 7 and the trans-
plants set out May 20 and 21. Henderson also found that repotting
and careful transplanting with little damage to the roots was with-
out effect. It is quite possible that the type of roots formed was
of much greater importance than the presence or absence of injuries.
Untransplanted tomatoes, as a rule, “ develop a deep tap root, which
gives them nn advantage under dry-farming conditions™ (26, p. 16).
At Riverside, in 1925, transplants remained for several weeks dis-
tinctly behind the corresponding untransplanted seedlings in vigor
and amount of growth (Pl 4, B), but this difference became grad-
uvally obliterated toward the end of the season. Indications are that
the {;eneﬁt from seeding directly in the field mxgndepend somewhat
upon the time of seeding and transplanting. experiment con-
ducted by the writers suggests this possibility. This experiment
comprised a total of 520 untransplanted secdlings and 478 trans-
plants. The untransplanted February and April seedlings showed
slightly more yellows than did transplants from the same lots, while
the untransplanted March seedlings showed less than half the disease
found in the corresponding transplants, but May and June seedlings
had again more yellows than the transplants made from them.
(Table 12.)

TasLE 12 —Comparative effect of direct sceding and iransplanting on amount of
yellows in iomaetocs al Riverside, Calif., 1925

Prercentuge 'Palrrt:’entnga

Date of seeding of seudiings Data of transplanting plants hier-
yellows . ing yeliows

AL0 | Apr. 27 30.8

20,07 Afny 20__ 4.2

24,2 | June 15.... . 25

LA N P L U N7

7.8 I Aug. 8 0

Unless tomato plants are raised in individual pots there is bound
to be some root injury in transplanting. Differences in the degree
of these injuries can hardly be a factor determining the percentage
of yellows. Henderson’s tests in 1905 seem to support this. The
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tomato plant forms adventitious roots very readily and immediately
after setting, even when practically no original roots are left. On
May 20, 1925, the writers planted 72 plants at Riverside with roots
entirely trimmed off, and these developed into fine and vigorous
plants with 23 per cent having yellows, whereas 125 plants set ont in
the usual way with roots attached had 48.2 per cent of the plants
which showed the disease. It is not to be thought necessarily that
this difterence was due to the trimming of roots, as there may have
been other factors at work; but the resuits of the experiment at least
fail to support the idea that plants deprived of roots are more
subject fo yeliows.

It had often been stated that deep planting ean avert a great deal
of loss from yellows, but there have been no clear-cut experimentsl
data proving this contention. The writers tried both deep and shal-
low planting at Riverside in 1924 and 1925, with no significant
h'anef?t from deep planting. Large plants were used in these experi-
ments, and those mt,ende%i to be set deep were planted in holes 12
inches deep, while in shallow planting they were set only slightly
deeper than they stood in the seed bed. ’lyhere was also an inter-
mediate plenting in 1924 about 8 inches in depth. The results are
given in Table 13,

TapLe 13.—Effect of depth of planting on suscepiidility of tomatoes to weliows
at Riverside, Calif.

Plants In medlum-deap

Plantsin shaliow plenting planting

Plonts in deep plentiog

Total [Mumber P70l | mores [number Totsl |Number | Tercent-

oge fn- 7 age In-
number | Infected feocted | RUnber [ infected number | Infeoterd fegcted

82 -] 12.4 82 12 X 43 g
L] 17 5.8 ). . 84 2

DEVELOPMENT OF RESISTANT VARIETIES

Vavilov (43) pointed out that the chance of finding resistant
varieties is smaller when the specialization of a parasite on genera
and species of hosts is feeble. This might discourage the efforts to
seek resistance to the curly-top virus, which has so many hosts, both
wild and cultivated, belonging to different genera and families.
Nevertheless, a very definite and marked resistance has been found
in beans (6, 32) and sugar beets (7), particularly in the latter, as
demonstrated by the recent work of Carsner (5). The work with
tomatoes has so far been less successful, though it is clearly estab-
lished that certain varieties are far less susceptible than others. The
res)ults of earlier trials were either negative or indefinite (71, 12, 17,
22).

The ldaho Agricultural Experiment Station was the first to give
an encouraging report along this line of work up to 1924 (18). Im
all, 73 varieties and selections were tried. It was found that Dwarf
Champion and some selections from the John Baer tomato possess
& definite resistance. Only one strain of Dwarf Champion showed
T4 per cent of yellows, the remainder being affected within the limits
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of 38 to 58 per cent, while in commercial strains the disease ranged
between 58 nnd 100 per cent.

A painstuking and elaborate study of resistance to yellows in
various tomato varieties was made {;y Lesley (21) and is being
continued. He has made a great number of selections from, and
crogses of, the most promising varieties. He finds that not only
Dwarf Champion but other dwarf-type varicties show a certain
d}egl'ee of resistance te yellows. It is pointed out in this connection
that—

the resistunt charvacter ot the dwurfs beliaves ns g recessive and appears to
depend upon the gene for dwaef or possibly on a gene or genes more or less
closely linked with it (21

However, Red Pear, which is not a dwarf variety, is likewise resist-
snt in abont the smme degree. This may indicate that the vesistance
is genctically of more than one kind and that it is possible by
crossing to breed a varviety with increased resistance to the disease.
The results of Lesley’s more recent (unpublished) studies seem to
justify this expectation. So far, however, it has been possible to
notice the difference in the resistance only under the conditions of
a moderate attack of yellows when checks showed not over 50 or
60 per cent of the disense. Under much more severe conditions,
when 90 to 100 per cent of checl plants are infected, this difference
is practically obliterated. As shown by the tests under a moderate
attack in the field, the resistant strains and varieties were at least
25 per cent less susceptible to yellows. Later on, artificial inocula-
tions were made by means of virnliferous Ewiéettin fenellus, and
similar results were obteined.

SUMMARY AND CONCLiISIONS

Tomato yellows is a virus disease, is not seed borne, and its spread
in the field is due exclusively to an insect carrier, the beet leaf
hopper, Butettin tenellus Baker,

Highly effective and economical control measures for the disease
have not yet been found,

No sprays or dusts that were tried with the object of destroying or
repelling the insect proved to be of sufficient value to deserve recom-
mendation.

Measures intended to increase the vigor of the plant are of but
slight benefit. However, in localities where the menace of the
epidenmic is great, these measures should not be neglected. Deep
root formation should be encouraged; planting seeds directly in the
field may be found preferable in some sections. The plants should
not be overwatered during the vegetative growth. The soil should
contain considernble quantities of organic matter derived either
from cover cropping or from stable manure.

The time of planting may be varied in certain localities to ad-
vantage, and the occurrence of yellows may be slightly decreased
if planting is done earlier or later. The purpose of the variation of
plunting time may be either to have plants as large as possible before
the flight of the beet leaf hoppers begins or to dodge this flight.

The grentest benefit so far has been obtained with temporary
muslin tents which protect the plants from the insect invasion and
create conditions less favorable for the development of the disease,
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With the summer crop this protection is of priimary value during
the first period of growth, or until about the end of June. This
mensure can not be generally recommended because of its relatively
bigh cost. Tt may be resorted to where outbreaks of yellows as 4
rule are severe and the prices of tomatoes are high, X

The use of a tall-growing plant for shading in place of the muslin”
tents also is of considerable benefit, though not as great as that of the
tents. It may be adopted in those sections where conditions do not
warrant quite as high an expenditure as the erection of tents entails.

The development of highly resistant varieties may be the ultimate
solution of the problem. There appears to be a definite though not
very strong resistance in certain varieties. This resistance seems
to be insutlicient to enable the plants to survive under the conditions
most favorable to yellows.

While the work of breeding new varieties is being continued, the
growing o° now-gvailable moderately resistant varieties with the
ald of tents  shade crops suggests itself as the best temporary safe-
guard for the ._ctions subject to regular severe ontbreaks of yellows,
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