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PSYLLID YELLOWS OF THE POTATO'
By B. L. RICHARDS, Botanist and Plant Pathologist, Utah Agricultural Experiment
Station; and H. L. BLOOD, Plant Pathologist, Utah Agricultural Experiment
Station, and Agent, Division of Horticultural Crops and Diseases, Bureau of
Plant Industry, United States Department of Agriculture 2
INTRODUCTION

In August, 1927, Richards, Blood, and Linford ^ reported for the
first time what appeared to be a new disease of the potato. Although
it resembled current-year symptoms of witches' broom, as described
by Hungerford and Dana (<S),* subsequent studies clearly differentiated between the two disorders. In December, 1927, Richards (14)
ascribed this new disease to the feeding process of the tomato psyllid
(Parairioza cockerelli Sulc). He further reported the disease, as it
appeared in Utah, as new to science and proposed the name '^yellows.'' ^
Subsequent statements have been made concerning the occurrence
and the destructive nature of the disease by Linford,^ Richards (15)/
Metzger and Binkley,^ and Binkley (1). Binkley (1) reported the
disease, as it appears in the tomato, to be due to a definite virus transmitted by the psyllid nymphs. To the writers' knowledge no further
report as to the nature of the disease and its relation to the tomato
psyllid has appeared. It is the purpose of this paper to bring together
the facts known to date regarding psyllid yellows and to report some
additional experimental findings regarding the nature and cause of the
trouble. The information regarding the disease is recognized
definitely as being incomplete.
OCCURRENCE OF PSYLLID YELLOWS

Psyllid yellows has scarcely a parallel in the history of phytopathology in the uniformity and rate with which it spread. The disease
was first noticed by the junior author on June 12, 1927, in experimental plots at Farmington, Utah. In a preliminary survey on June 15
1 Received for publication Apr. 12,1932; issued March, 1933. Contribution from Department of Botany
and Plant Pathology, Utah Agricultural Experiment Station.
2 The writers wish to express appreciation for the helpful cooperation of Kathleen IJ. Hull, formerly of
the station staff, and of William Stuart and Melvin Anderson, research students in the Department of
Botany and Plant Pathology,
3 RICHARDS, B. L., BLOOD, H. L., and LINFORD, M. B. DESTRUCTIVE OUTBREAK OF UNKNOWN POTATO
DISEASES IN UTAH, U. S. Dept. Agr., Bur. Plant Indus. Plant Disease Rptr. 11:93-94. 1927. [Mimeographed.]
< Reference is made by number (italic) to Literature Cited, p. 216.
« Since the early proposal of "yellows, " the name "psyllid yellows" has been employed generally by the
authors and their coworkers in both correspondence and in general discussions and by the senior author in
recent publications (U, 16). Binkley in 1930also used the term "psyllid yellows" to designate the disease on
tomatoes {1, Proc. 26, pp. 249-254). The name * * psyllid yellows " seems justifiable as it is both specific and
descriptive.
^^ „ ^ ^ .
6 LINFORD, M. B. FURTHER OBSERVATIONS ON UNKNOWN POTATO DISEASE IN UTAH. U. S. Dept. Agr.,
Bur. Plant Indus. Plant Disease Rptr. 11:110-111. 1927. [Mimeographed.]
PLANT DISEASES IN UTAH IN 1927. U. S. Dept. Agr. Bur. Plant Indus. Plant Disease Rptr. Sup.
59:95-99. 1928. [Mimeographed.]
7 RICHARDS, B. L. PSYLLID YELLOWS (CAUSE UNDETERMINED). U. S. Dept. Agr., Bur. Plant Indus.
Plant Disease Rptr. Sup. 68:28-29. 1929. [Mimeographed.]
8 METZGER, C. H., and BINKLEY, A. M. PSYLLID YELLOWS (CAUSE UNDETERMINED). U. S. Dept. Agr.,
Bur. Plant Indus. Plant Disease Rptr. 68:29. 1929. [Mimeographed.]
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and 16, the disease was found generally distributed in early potato
fields of the Bountiful district of Davis County. Most of the fields
at this early date showed 100 per cent infection, and not a single field
was found which did not show the trouble to some degree. By June
29, at which time Linford commenced a more detailed survey of the
disease, the early potatoes in Davis and Weber Counties were generally infested. Before the survey was concluded on September 15,
Linford reported that the '^disease had been found in every county of
Utah where potatoes had been examined, ranging from Washington
County on the south to Cache Countv on the north ^^
Table 1, copied from Linford's report,^ shows the occurrence of the
disease in 23 counties visited. No reports were obtained from the
other six counties.
TABLE

1.—Occurrence of psyllid yellows in Utah, by counties, 1927
Fields
examined

County

Cache
Carbon
Beaver
Boxelder
Davis
Duchesne
Emery *
Garfield
Grand—
__
Iron.
- __ __
-Juab
---Kane
_
__ _Millard
______ _ _. __
Morgan «
Piute
Salt Lake
_
_
Sanpete
Sevier
_____
Uinta
Utah
Weber
Wasatch ^
Washington «
_.

-_

Fields infested

Number
16
16
__
5
5
32
5

Number
9
15
5
32
5

Per cent
56.2
100
100
100
100
100

4
1
21
17

4
1
21
1
4
9

11
24
12
10
6
9
11

11
13
12
10
6
9
11

- _

I

0

a

Heaviest Average
infesta- infestation
tion
Per cent
100
100
100
100

Per cent
53.1
61 1
84
53 2
56.6
91

100
100
100
100
52.9

iôô

100
100
100
10
100
97

61.2
100
83.8
10
70
24.2

100
54.2
100
100
100
100
100

100
100
100
100
100
100
100

38.2
21.7
95.8
80.8
68
44
74.9

iôô

« The figures in this table include data from many fields examined before the disease had reached its
maximum spread. From the following publication: LINFORD, M. B. Op. cit., p. 98.
^ Disease said to be present throughout,
c Disease reported prevalent late in season,
^ Disease present.
« Crop a total failure from this disease.

Early in 1927 the malady was reported from the western slope of
Colorado and was severe especially in the Fruita district of Mesa
County, where 100 per cent infection occurred. According to Metzger
and Binkley,^*^ the ailment was found also in the Gunnison Valley in
Delta County, in the Uncompahgre district in Montrose County, and
in the Rifle district of Garfield County.
On August 1, the senior author located psyllid yellows in southern
Idaho, 3.5 miles north of Pocatello. Two weeks later M. B. McKay
reported the disease by letter from Idaho Falls and Twin Falls,
Idaho, and from Bozeman, Mont., and H. G. McMillan in personal
conference reported it from Wyoming. L. F. Nufïer by correspondence
later in the summer reported a general spread of the disease in the
8 LINFORD, M. B. Op. cit. See footnote 6, second reference,
10 METZGER, C. H., and BINKLEY, A. M. Op. cit.
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Idaho Falls district. Shapovalov^^ has also called attention to its
presence in California.
Although the tomato psyllid (Parairioza cockerelli) has been known
since 1914 to be generally distributed in the Southwestern States,
the writers have been unable to find any mention in literature, prior to
1927, of a disease of the potato caused by the insect; neither has
reference been found to a disease of the potato similar to psyllid
yellows. Compere (2, p. 189), in 1915, states: ''In Golden Gate Park,
San Francisco, the solanums that were infested with psyllid were
rendered worthless.'^ He makes no further reference to the disease
phase.
It appears evident from a number of authentic reports that the
disease occurred previous to 1927. In 1929 Metzger and Binkley^^
stated :
The disease was destructive in the Fruita district of Mesa County, Colo., in
1926, and by June 18, 33 per cent of the plants were showing symptoms of a
disease, evidently psyllid yellows as described by Richards in 1927.

It is quite possible also that the disease was present in the Fruita
district prior to 1926. Linford ^^ submits data which show rather
conclusively that psyllid yellows was a factor in potato production
in the Green River district of Utah, at least as far back as 1925. The
senior author has obtained information which indicates that psyllids
have figured in potato culture in Washington County, Utah, at least
since 1921.
ECONOMIC IMPORTANCE OF PSYLLID YELLOWS

Psyllid yellows in its effect upon the plant must be ranked among the
most destructive of known potato diseases. If the plant is attacked
when young, prior to tuber formation, no crop results, and early
death of the plant frequently ensues. When the plant is attacked
during early stages of tuber formation and prior to maturation, serious
injury follows, and the resulting crop is of little value. If the plant is
attacked after the tubers are well formed, the tubers may sprout,
giving rise to new vines (fig. 1, A, B, C), or to sprouted, knobbed, or
otherwise malformed tubers, of greatly reduced market value.
(Fig. 1, B, C.) .
. .
....
Total crop failures from this disease in individual plantings are not
uncommon. In 1927 experimental plots at the Davis County Experimental Farm yielded 40 pounds of marketable tubers from an area
estimated to produce from 40 to 50 bushels under normal conditions.
In Bountiful, Utah, 250 pounds of marketable tubers were obtained
from a 1-acre field, and many of the most successful growers in this
same district lost their entire crop, leaving their fields unharvested.
During this same year the disease was so severe that total crop
failures resulted in entire valleys. Linford states that in Washington County the entire crop was destroyed. This county was surveyed late in August, long after potatoes are normally harvested,
but there was no harvest in 1927, so complete was the destruction.
11 SHAPOVALOV. M. PSYLLID YELLOWS (CAUSE UNDETERMINED).
Plant Disease Rptr. Sup. 68:29-30. 1929. [Mimeographed.].
12 METZGER, C. H., and BINKLEY, A. M. Op. cit.
13 LINFORD, M. B. Op. cit. See footnote 6, second reference.
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Duchesne and Uintah Counties had approximately 50 per cent of
a crop at the time the survey was made.
Davis and Weber County growers, who produce early potatoes
chiefly, suffered the heaviest ñnancial losses. Based on tlie acreage
planted, it was estimated that 740 cars would have been shipped
from Weber County; 110 cars were actually shipped, thus involving
a loss of approximately 630 cars. Valued at $420 a car, this amounts
to $264,600. Sixty-four cars of seed were shipped into the county
at an average of 4.5 cents a po\ind, making a total outlay of $92,000,

A

^

B

DiöEIEäiiäK^^^I
KifiURE 1.—A, Bliss Triumph aíTected with psyllids showing oxcoss tiiberixation. One stolon
has failed to terminate in tubery and has given rise to new shoots. Several shoots of this type
may arise around a single infected mother plant. Note large number of secondary stolons terminating in tubers of various sizes. K, Kprouting of immature Russet Burbank tuber induced by
psyilid feeding on parent plant. Practically all buds, both on the mother and the secondary
tubers, have become active and have given rise either to now shoots or to a third crop of tubers.
C, Sprouting of Russet Burbank tuber characteristic of this variety when parent plant is
affected by psyilid nymph late in the season, ouch sprouts may develop directly into tubers or
may grow through the soil and give rise to second growth in the late-potato districts as in 1927.
\y. Five-acre field of large, vigorous, and apparenlly healthy Bliss Triumphs photographed
October 4, 1927. These plants grew from small 1 iibers li-ft in the soil during the harvest of the
early crop. The first crop was planted .\pril 15 an<l yirlth'd but 2() sacks per acre; on .\ugust 10
it showed 100 per cent psyilid yellows. With the exception of about 15, all plants of this 5-acre
field were healthy and apparently free from psyilid yellows at the date the photograph was taken.
Psyilid nymiïhs were present on the 1.5 plants showing symptons. Seed selected from this late
crop gave progeny which were entirely free from any i)syllid-yellows symptoms

or $46,000 more than the total vahie of potatoes actually shipped out.
While exact figures are not avíiilahle, observational data indicate that
Davis County suffered even more acutely than Weber County owing
to more complete destruction of tlie crop and to the higher early
market prices of potatoes. These two counties lost fully 75 per cent
of their crop.
The season of 1927 was especially favorable for potato production
in Utah. An average annual acre yield of 185 bushels or more might
have been expected, whereas only 135 bushels were realized, entailing a loss of from 25 to 30 per cent of the crop, or approximately
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$750,000. The early crop in the State was practically a total failure.
The late crop was less severely damaged although greatly reduced in
market value. In certain areas little, if any, decrease in yield
resulted, while in others isolated fields were seriously damaged. The
malformation of the tubers of the late-maturing varieties, the Russet Burbank and the Rural, was of serious consequence. Linford
estimated that from certain Russet Burbank fields in Cache Valley
not more than 25 per cent of the tubers would pass as United States
No. 1, and a local buyer reported that he was unable to find a single
car of suitable Russet Burbank potatoes in the entire county.
Metzger and Binkley \^ state that in the Fruita district of Mesa
County, Colo., which ships annually about 600 carloads, but 2 carloads were shipped as a result of the heavy infestation in 1927.
Losses from psyllid yellows in Utah during 1928 were greatly
reduced as compared with those in 1927. Richards and his coworkers
reported for 1928 that while the potato psyllid was almost coextensive with potato culture in the State, the damage was light as compared with the losses in the same areas in 1927, and that the total
loss for 1928 would probably not exceed 7 per cent.
Damage to the potato crop during the year varied greatly in the
different districts within the State. In Washington County, as in
1927, the destruction was again complete, and the entire crop planted
between February 15 and March 10 was plowed under by June 10,
except for two experimental plots. Davis and Weber Counties suffered losses between 10 and 12 per cent during the season. In a survey of the Hunter and Pleasant Green districts of Salt Lake County
made during August, 1928, 72 per cent of the fields showed psyllid
yellows. An average of 9.5 per cent of plants in all the fields visited
showed the malady.
The disease occurred in other potato-growing areas, although there
exists but little data to indicate the degree of loss. In Cache County
the early garden crop was largely destroyed, and material damage
was done in many of the late plantings. Sanpete and Se vier Counties
were reported to have suffered severely.
Metzger and Binkley ^^ report that psyllid yellows was not so serious
in 1928 as in either of the previous seasons and that possibly 10 per
cent of the acreage was infested so severely that it was plowed under
and planted to other crops. The remaining acreage showed a degree
of infestation varying from 0 to approximately 10 per cent.
Psyllid yellows was found in a number of areas in Utah in 1929;
however, serious loss, so far as is known, was confined almost entirely
to Washington County where upwards of 75 per cent of the crop was
destroyed.
Psyllid yellows appeared generally throughout Utah in 1930.
Reports of damage were obtained from every potato district in the
State, although the damage in most areas was relatively light as
compared with that of 1927. Washington County, as was the case
for the last six years, again lost the major portion of its potato crop,
and Utah, Davis, Weber, and Boxelder Counties sustained heavy
losses to the early crop. It is significant that the earlj crop in these
four counties, which comprises 85 per cent of the plantings, has been
1*

METZGER, C. H.,

and

BINKLEY,

A. M.

Op. cit.
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seriously reduced in yield for tliree of the seasons since 1927. Psyllid
yellows was reported from the Twin Falls and the Idaho Falls
districts in Idaho.

Fir.uRE 2.—Irish Cobbler potato leaf showing characteristic leaf .symijtoms of psyllid yellows.
Notice the basal rollinK and cupping of leaflets. These are accompanied by a characteristic
yellowing and purijliuji, which is a typical expression of the disease on all varieties of potatoes.
(Kesults of insect feeding under natural conditions in field)

During May and early June, 1931, psyllids appeared in great nunibers in all early potato-growing areas in Utah, producing psyllid
yellows in such' quantities as to indicate possibilities of a general
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opideimc. With the extreme heat and drought of middle and late
June, however, the insects disappeared, and recovery from the disease
was general. But little damage to either the early órlate crop resulted.
Psylhd yellows was reported severe, however, throughout the western
slope of Colorado.
SYMPTOMS OF PSYLLID YELLOWS
SYMPTOMS UNDER CONDITIONS ACCOMPANIED BY SUMMER-LIGHT RELATIONS

Psyllid yellows is systemic and affects the form and physiology of
the entire plant. A marginal yellowing and an upward' rolling or
cuppmg of the basal portion of the smaller leaflets on the younger
leaves comprise the first symptoms of diagnostic value in the field.

¡nH^^ii";;^,h^■^7o,w>"'"■"'' «•'•'■eniot.ato.sliuwmK characteristic symrtom.s or the disease
imluced by the feediiiK o! 2(10 nymplis from esgs hatched in Petri dishes- nymphs had not fed on
diseased plants before transfer to the plant. Note the typical leaf clipping and particularly the
peculiar iipridht and rigici position of young leaflets, also apical hvpertropin „iid axillary crowtli
B, Apical hypertrophy of Irish Cobbler shoot induced by confinint; nymphs to older leaves by
means of cloth bags. Note extreme cup[)inK of leaflets and yellowing of'cuppeii port ions

(Figs. 2 and ,"5, A, B.) When diseased plants are exposed to intense
sunlight, this basal cupping becomes pronounced. Leaflets affected
in this manner tend to curve upward over the petiole and to assume
an erect iiosition quite distinct from the normal. (Fig. 3, A.) In
the Bliss Triumph and the Irish Cobbler, and to a certain extent in all
varieties, the rolled portions, and frequently other aerial portions of
the plant, assume a distinct reddish or purplish color which may
become so pronounced in cases of severe infection as to give a purplish
tint to the entire field. In the more advanced stages of the disease
the older primary leaves roll upward over the midrib, become yellow,
develop necrotic areas, and degenerate rapidly (fig. 4, B), and as á
result a plant is produced which consists principally of secondary
leaves and branches supported by the primary stems.
Promptly on the inception of the disease, the aerial shoots usually
suffer a sharp delimitation in stem elongation. The nodes enlarge,
and the lateral buds are stimulated into activity and may develop
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into axillary tubers (fig. 3, A, B, 5) or into stocky shoots capped with
a rosette of small malformed leaves, which when fully developed give
the plant a compact pyramidal shape, scarcely to be recognized as
that of a irotato plant. (Fig. 5, A, B.) With the enlargement of
the nodes and subsequent growth of the axillary buds, the subtending
leaves assume a position approximately at right angles to the stem
instead of the acute angle characteristic of a normal plant. (Fig.
4, D.) The apical portion of the stems, including the terminal bud

Fir.URE 4.—A, KciUiiig :iri<l ciippiiiE of yQunK leiiflets of lUisset llurbank potato very dianictenstic
of the advunoert stage of the psyllid yellow.s on this variety (left and center); normal leaf to the
right. 11, Klfect of psyllid yellows on leaves which vpere mature at the time of the psyllid infestation. The leaves are somewhat papery and brittle in texture. Under field conditions necrosis
sets in rapidly, and death soon results. This is cliaracteristiu of all varieties when affected by
psyllids. C, Leaf chlorosis characteristic of psyllid yellows when affected plants are grown in
the shade or durinp the short days of late autumn and winter. Affected leaves at left and right
show distinct interveinal yellowing, also a distinct change in shape owing to an inhibition of the
growth of the basal portion of leaflets, due apparently to the early destruction of chlororihyll m
ion Normal leaf
D, Irish Cobbler shoots showing modification of angle of leaf
this region,
- in center.
axis, also no<lal enlargement characteristic of psyllid yellows Left, diseased shoot (natural infection); right, healthy shoot

and frequently the first nodes and adjacent internodes, often become
involved in a pronounced hypertrophy. (Fig. 3, A, B.)
If plants are attacked when young, stolon formation and tuberization are definitely suppressed, with the result that few, if any, tubers
are set. When older plants are affected, the result is quite thc^ reverse, and stolon development and tuberization arc stimulated. The
terminal buds of the stimulated stolons may fail to produce tubers
and instead may grow directly through the soil, giving rise to a second
crop of shoots adjacent to the mother plant. (Fig. 1, A.) The
lateral buds along the primary stolon may develop directly into tubers
(fig. 1, A), or they may give rise to secondary stolon branches which
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in turn may provide opportunity for tuber formation, thereby resulting in development of numerous sma]] potatoes. (Fig. 1, A, B,
D.) Such tubers seldom reach a marketable size and may sprout
directly without going into a rest period. (Fig. 1, B, C.) Such
sprouting may give rise to new stolons, to leafy and apparently normal shoots, or to a variety of malformed tubers. (Fig. 1, B, C.)
Discarded tubers from early harv^est often produce a second crop of
healthy vigorous vines. (Fig. 1, D.)
Plants affected after tubers have entered the early stages of dormancy may resume growth and produce stolons and many small
tubers. The more mature tubers, if still attached to the parent plant
when it is attacked, may also commence growth and develop into
tubers of undesirable shape and low market value. (Fig. 1, C.)
This breaking of the rest period in tubers after dormancy has been
established and the inhibition of its establishment in developing tubers
provides one of the constant and outstanding features of psyllid
yellows.
SYMPTOMS UNDER CONDITIONS OF REDUCED LIGHT INTENSITY

The types, vigor, and sequence of symptomatological expression
vary so greatly under both the intensity and the duration of light
that symptoms characteristic of the open field are of little value in
judging results under protected conditions in the greenhouse or under
conditions of relatively dense shade. This fact was first suggested
from observations made durin;^ the winter of 1927. Subsequent
study, however, has provided a basic symptomatology for the study
of psyllid yellows under shaded conditions and during the late fall,
winter, and early spring months, and under cloth cages during the
summer months. In fact, this symptomatology appears quite as
reliable as that under natural conditions in the field and has been used
as a criterion of judgment for all work conducted under cloth or under
winter greenhouse conditions.
With decreased light intensity and duration, basal cupping and
coloration do not occur uniformly. Instead, the basal lobes of the
young leaflets turn distinctly yellow and are inhibited in growth,
giving rise to linear leaflets quite distinct from those of the normal
leaf. (Figs. 3, A; 4, C.) Yellowing finally appears in the interveinal portions of the affected leaflet, giving a general leaf chlorosis,
seldom seen under field conditions. (Fig. 4, C.) A similar type of
interveinal yellowing develops progressively from the younger to the
older leaves, advancing slowly in later stages and showing a typical
interveinal chlorosis in the most advanced stages of the trouble. The
necrotic areas characteristic of the late stages of leaf deterioration in
the open field have not as yet been observed under the more protected
conditions. On the whole, the rate at which the plant succumbs to
the disease under conditions of reduced light intensity and duration
is much slower than that found in the open field ; diseased plants
under such conditions may survive quite as long as and sometimes
longer than the healthy individuals.
The degree and type of bud activity both below and above the
ground appear to be affected but little with varying light conditions.

Psyllid Yellows of the Potato

l''eb. ], 1933

199

NATURE AND CAUSE OF PSYLLID YELLOWS
RELATION OF THE PSYLLID TO THE DISEASE

During the eariy survey studies in June, 1927, Linford'^ first
noted a small scalelike insect on plants showing symptoms of psyllid
yellows. Subsequent studies showed a high correlation between the
occiiiTence of the insect, which was later determined to be Paratrioza
c:)ckerelli by the Bureau of Entomology (fig. 6, A, B), and the characteristic symptoms of the disease. Survey studies throughout 19
counties in Utah showed this parallelism to be complete. Even in
the most remote and isolated fields the disease and the insect were
found constantly associated. In August, 1927, M. B. McKay, in a
personal letter, reported the disease from Montana and southern
Idaho, and in all cases the disease was associated with the insect. A

FrouRE 6.—A, Eggs of Paratrioza cockerelli Suit' on young iiotato leaflet. X 9. B, Nymphs of P.
cockerelU feeding on young potato leaflet. Note eggs on leaf margin and scattered irregularly
over the surfa<'e of the leaf. X 9

similar report was obtained from H. G. McMillan for Wyoming and
Colorado. Such observations indicated rather clearly that the tomato
psyllid was definitely concerned in the etiology of the disease.
On July 15, psyllids were taken from Davis County and placed on
50 plants in the pathological garden at Logan and covered with gauze
insect cages. All plants developed the disease. Later, however,
the disease spread throughout the )á-acre experimental plot, finally
involving 100 per cent of the exposed plants. Forty plants in this
plot, however, had been grown under insect cages and were kept
covered until October 15, and 39 of the 40 remained entirely free
from the disease. During the season a triangular rent was made in
one of the cages, through which parts of the covered plant protruded. This plant became infested with insects and developed a
clear case of psyllid yellows.
I'LrNi-oRi), .\1. li.

Op. cit.

(.See footníile 0. first reference.)
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Five experiments to test the etiological relation of Paratrioza cockerelli were made during September and October, 1927. On September 5, 40 psyllids were confined on each of three plants grown in the
greenhouse under celluloid cages. Similarly, caged plants free from
insects were held as controls. By September 9, one of the plants
with insects had developed definite basal leaf rolling, a second plant
had developed symptoms by September 18, and a third by October 2.
On September 9, 30 nymphs were transferred to each of 8 plants
grown under celluloid cages. Three plants covered with cages but
free from the insects were used as controls. By September 28, all
plants on which the insects fed had developed advanced stages of the
psyllid yellows disease. The controls remained normal.
On September 20, 30 nymphs were placed on each of 3 plants under
celluloid cages; 2 plants were kept for controls. By September 30,
10 days later, 2 of the plants had exhibited marginal yellowing and
basal rolling, and the third had developed the disease by October 10.
The 2 control plants remained disease-free until discarded on November 1. Another series was started September 21 in which 30 insects
were transferred to each of 7 plants. Four plants were held as
controls. By October 10, the 7 insect-infested plants had developed
clear-cut symptoms of the disease. The controls at this date were
free from symptoms and insects. Later 1 of the check plants was
found infested with nymphs and subsequently developed the disease.
In the fifth series plants were started in the greenhouse without
cages. These plants were grown in 8 inches of soil on Ijie greenhouse
bench. All plants were in a vigorous growing condition on September 23, at which time the transfer of insects was made. Twenty
plants distributed uniformly throughout the bed were employed
and nymphs were carefully placed on 1, 2, or 3 leaves of each of the
plants. The nymphs were confined to the leaves with gauze bags
in such a way as to maintain complete isolation of other parts of
the inoculated plant and of the control plants. Thirty insects were
used to each plant; 51 plants were left as controls. Of the 20 to
which insects were transferred, 3 showed marginal yellowing and basal
leaf rolling within nine days. On October 10, 15 plants exhibited
basal rolling as well as the characteristic yellowing and reddening.
By November 1, when the experiment was terminated the plants
had developed the disease and exhibited the various symptoms
characterizing psyllid yellows in the field. The 51 controls remained
disease-free. Nineteen diseased and nineteen healthy hills were
selected and the tubers dug and weighed to determine the effect of
the disease on tuberization. The data are summarized in Table 2.
TABLE

2.—E;íject of psyllid feeding on tuberization of Irish Cobbler potatoes in
preliminary experiments

Condition of plant

Diseased
Healthy

.

.»

_

.

--

Hills

Tubers

Average
tubers
per hill

Number
19
19

Number
317
79

Number
16.6
4.2

Average Average
total
weight
weight
per hill per tuber
Grams
75.5
92.5

Grams
4.5
22.0
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In these preliminary tests all phases of the disease as found in the
field were produced under controlled experimental conditions, following an incubation period of six to nine days. The results justify the
conclusion that the disease in some way is induced during the feeding
process of nymphs of Paratrioza cockerelli.
RELATION OF NYMPHAL FEEDING TO THE DISEASE
RELATION OF THE NUMBER OF NYMPHS TO SYMPTOM EXPRESSION

In the prelirainary tests typical symptoms of psyllid yellows were
produced consistently with as few as 30 active nymphs. In late
autumn what were considered characteristic symptoms of the disease
failed to develop in the greenhouse on plants carrying as many as
60 to 75 nymphs. The following March, however, the progeny of
these insects which had failed in the winter to induce psyllid yellows
again consistently induced the disease. At first the cause for this
apparent lack of potency on the part of the insect was not clear. In
the course of the experiments, however, it became apparent that both
the intensity and the duration of sunlight in some way either influenced the insect in its feeding or determined the type of symptom
expression.
During 1928 and 1929 attempts were made to determine more
accurately the quantitative relation between nymphal feeding and
the disease. On August 11, three series of experiments were started
in the field under gauze cages, using 10, 15, and 30 nymphs per plant.
The time of feeding varied from 3 to 15 days, after which time the
insects were killed by fumigation. The results are given in Table 3.
All plants on which psyllids fed showed the early symptoms within 9
to 15 days after the insects commenced feeding. A study of the
subsequent development of the disease on these plants was rendered
valueless because of the general psyllid infestation of the field.
3.—Relation between number of psyllid nymphs and the length oj feeding
period and the first symptoms of psyllid yellows under cages in open field

TABLE

[Period of feeding, 3 to 15 days, commenced August 11, 19281

Series No.

1
2

Plants

Nymphs Length
of feed- Plants
disper
ing
eased
plant period

Number Number
30
Í
4
4
30
30
{
4
4
30
4
30
15
Í
4
15
I
4

Days Number
4
3
4
3
4
7
4
10
4
15
4
5
4
10

Plants

Series No.

3

Nymphs Length
of feed- Plants
disper
ing
eased
plant period

Number Number
10
{
2
10
2
10
4
30
2

J
1
I

Days Number
2
5
2
7
4
10
2
15

Between April 22 and July 25, 1929, four separate series of tests
were completed, using from 1 to 9 nymphs per plant. In these tests
nymphs failed to produce psylhd yellows, although comparable numbers during the past three years have occasionally been noted to
induce the disease.
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Additional data were obtained in four sets of experiments conducted
under greenhouse conditions between March 19 and June 25, 1929.
The numbers and the distribution of the nymphs, together with a
summary of results, are given in Table 4.
4.—Summary of four series of experiments, showing relation between numbers and distribution of psyllid nymphs and the symptom expression of psyllid
yellows on the Irish Cobbler potato

TABLE

[Feeding period, March 19 to April 12, 1929 data taken 41 days after insect transfer, 12 plants used in each
experiment]
Psyllids

Distribution of nymphs

plant
r
Nymphs placed on one
leaf
_
Nymphs distributed
equally on three leaves. ■

300
150
75
30
15
6
300
150
75

Plants
Plants remaindising
eased healthy
11
11
7
3
3
0
12
10
9

1
1
5
9
9
12
0
2
3

Distribution of nymphs

Nymphs
distributed Í
equally on three leaves—
Continued.
Nymphs distributed
equally on six leaves

Psyllids
per
plant
30
15
6
300
150
75
30
15
6

Plants
Plants remaindising
eased healthy
4
0
1
12
12
10
7
1
0

8
12

n

0
0
2
5
11
12

Results of all the various experiments indicate that under greenhouse conditions and during the shorter days of late fall or early
spring the number of nymphs feeding, and possibly the distribution
of the insect on the plant, are vital factors in the production of
psyllid-yellows symptoms. Much additional work under controlled
environmental conditions must be done to determine more accurately
this quantitative relation of nymphs to the occurrence of the disease.
RELATION OF NYMPHAL FEEDING PERIOD TO THE PRODUCTION OF EARLY
SYMPTOMS OF THE DISEASE

Experiments were started on March 6, 1930, to determine the
shortest period of insect feeding necessary to produce psyllid yellows.
In the experiment, 200 nymphs (100 on each of two leaves) were
confined on each of 20 healthy plants. Insects were removed at
mtervals as follows: Plants 1-5, after 2 days; plants 6-10, after 3
days; plants 11-15, after 4 days. Insects on plants 16-20 were
allowed to feed for the entire period of 36 days. Ten plants.
Nos. 21-30, were kept free from insects and remained free from the
disease throughout the entire experiment. This experiment was
repeated with essentially the same results. The results are recorded
in Table 5.
Results indicate that at least three days' feeding is necessary to
produce the first definite symptoms of psyllid yellows. Four days'
feeding gave a more vigorous expression of the early symptoms and
resulted in a more permanent eifect, although with a 4-day period
the disease did not progress far beyond the early manifestation.
This failure of symptoms to appear as a result of fewer than three
days' feeding w^as not occasioned by any peculiar masking eifect of
the environment, as the early appearance of the disease resulted
when the same number of insects fed for longer periods, and a
complete expression of symptoms was produced by nymphs feeding
continuously for a period of 36 days.
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5.—Relation between short periods of nymph feeding and the production of
early or first symptoms of psyllid yellows in the Irish cobbler potato
[Feeding time 2, 3, 4, and 36 days; 200 insects used on each plant]

Plant No.

1
2

Feed- Condition
plant
Condition of plant 10 days
ing atofremoval
after feeding commenced
period of
nymphs
Days
2

No symp- Normal.
toms.
do....
do...

3
4

-do.
_do..

5

.do..

6

.do...

7

-do.,

8

-do...

9

.do...

10

-do. -

n

—do.-_
5y m p toms

12, 13, 14

15

-_do_-.

16, 17, 18, 19, 20.

_-do..-

20-30

Healthy.

-do..
Mere trace of marginal
yellowing.
Normal
Slight interveinal yellowing.
Normal
Slight trace of yellowing
on young leaflets.
Normal
Slight marginal yellowing.
Normal
Early symptoms of disease; basal, marginal,
and interveinal yellowing.
Marginal, basal, and interveinal yellowing.
Marginal, basal, and interveinal yellowing; all
symptoms exhibited.
Healthy

Condition of plant 36 days after the
beginning of nymph feeding

Large plant apparently normal.
Very slight marginal yellowing, otherwise normal.
Do.
Slight basal yellowing and restriction,
otherwise normal.
Slight basal yellowing, otherwise normal.
Basal, marginal, and interveinal yellowing distinct early symptoms.
Normal except slight yellowing of
young leaves.
Slight yellowing of 3 leaves, otherwise
normal.
Young leaflets yellow and some interveinal yellowing could be considered
type of early symptoms.
Distinct basal yellowing on a number
of younger leaves.
Do.
Distinct basal, marginal, and interveinal yellowing on younger and
older leaves, showing that feeding
had some effect on subsequent
growth.
Full expression of symptoms of disease
above and below ground.
Healthy, with occasional plants showing slight yellowing of younger
leaflets.

RELATION OF NYMPHAL FEEDING PERIOD TO THE SEQUENCE AND DEGREE OF
SYMPTOM EXPRESSION

During the earlier greenhouse and field studies instances were
observed frequently which indicated the existence of a definite
relation between the length of the feeding period and the final degree
of disease expression. In many cases, especially under greenhouse
conditions, apparent recovery was noted, and in general the accumulated evidence suggested that continued feeding of nymphs was
necessary to produce the full expression of psyllid yellows.
On February 23, 1930, two series of experiments were started to
determine more accurately the relation of the feeding period to the
early appearance and to the continued development of symptoms of
psyllid yellows. Twenty plants, exclusive of controls, were used in
each of the two series. In series 1, 200 nymphs (100 on each of two
leaves) were confined by means of gauze bags to each of 20 healthy
plants. The insects were then removed from the plant by clipping
off the infested leaf as follows: Plants 6-10, after 12 days' feeding;
plants 11-15, after 16 days, and plants 16-20, after 26 days' feeding.
Plants 1-5, inclusive, were fed upon for 48 days.
Series 2 was set up in the same manner as series 1. Plants 1-5,
inclusive, were fed upon for a period of 50 days^ or during the entire
time the experiments were run. Insects were removed as follows:
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Plants 6-15, after 9 days; plants 16-20, after 14 days. Eight insectfree plants were used as controls for series 1 and nine plants for series 2.
All plants in both series were grown openly in the greenhouse bench
in 8 inches of soil. A summarized statement of series 1 and 2 is
recorded in Table 6. (Fig. 7, A, 1-5.)
6.—Summary of results of experimental series 1 and 2 in which 200 psyllid
nymphs were fed on Irish Cobbler potato plants for various periods longer than
the incubation period

TABLE

[See text for details and also Figure 6A, 1-5
SERIES 1
Average
Aver- Aver- AverAverage
Aver- number age
age
age
weight weight
of
inage
of
length tubers
of
feeding volved height leaves
of
per
tubers tuber
leaves per hill per
hill
plant

Length Plants

Days Number Inches Number Inches Number Ounces Grams
0
5
16.0
10.3
10.3
4.5
6.7
42.2
12
5
15.2
11
11.6
8.8
5.8
18.7
16

5

14.2

13

9.9

8.8

4.05

13.0

26

5

13.1

12

9.9

11.4

4.02

10.4

50

5

11.3

12

8.7

14.0

1.6

3.2

General expression of symptoms at
the end of the experiments, which
lasted 50 days

Normal.
Some apparently normal; others
slightly yellowed; some axillary
growth.
Distinct interveinal yellowing; abundant axillary growth.
Clearly diseased; yellowing of younger
and older leaves.
Severe disease of all plants; yellowing,
reddening, and cupping of apical
leaves; apical and axillary hypertrophy.

SERIES 2
8
10

14.3
13.7

5

13.3

5

12.8

9.8
9.08

4.8
9.0

5.6
5.4

23.1
17.0

8.3

8.4

4.6

15.5

9.5

13.4

2.3

4.8

-Normal.
Some apparently normal; others
slightly yellowed; some axillary
growth.
Distinct interveinal yellowing; abundant axillary growth.
Severe disease of all plants; yellowing,
reddening, and cupping of apical
leaves; apical and axillary hypertrophy.

Most of the infested plants in the two series showed slight marginal
and interveinal yellowing by the sixth day. All plants showed unmistakable symptoms at the end of the tenth day. Many plants
exhibited marked rolling and cupping of the smaller and younger
leaflets. Basal, marginal, and interveinal yellowing was pronounced
on all plants from which insects were removed on the twelfth day in
series 1 and by the ninth day in series 2. A number of these plants
also showed basal leaf cupping and reddening of younger leaves.
More advanced symptoms, such as leaf rolling, pronounced interveinal yellowing, slight nodal enlargements, and beginning axillary
growth, were evident at the end of the sixteenth and twenty-sixth
days.
In all cases, on the removal of the insects, the progress of development of the symptoms appeared to cease rather abruptly. All red and
purple coloring that had developed during the feeding period on
affected leaves completely disappeared. Leaf rolling or cupping
ceased, and the rolled leaves uniformly unrolled and assumed normal
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position and shape. A definite tendency toward recovery was noted
also in both marginal and interveinal yellowing. Where but slight
yellowing occurred prior to insect removal, recovery was apparently
complete; however, when the yellowing was well advanced, the
■SvSgo
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normal green color was seldom regained. Plants fed upon for fewer
than 16 days assumed practically normal linear growth and in many
cases equaled the unaffected plants. Subsequently, axillary and
apical growth was of a normal green color and of apparently normal
texture. Certain physiological processes, however, were so disturbed
162217—33-
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during the feeding that the plants did not completely recover from
the effects of the disease. This is clearly shown in the relative height
of plants (fig. 7, A), number of tubers per hill, average weight of tubers
per hill, and average weight per tuber. (Table 6.) In all cases, a
greater number of tubers with a decreased total hill yield and decrease
in tuber weight resulted with increased length of feeding. All symptoms characteristic of the disease developed prominently in plants on
which the insects were fed for the total 50 days. (Fig. 7 A, 1.)
Results indicate clearly that the symptom complex characteristic of
psyllid yellows is entirely contingent upon the feeding process of
nymphs of Paratrioza cockerelli and further that a complete expression of
symptoms in their characteristic sequence and intensity, under greenhouse conditions, is entirely dependent on the continued feeding of the
nymphs.
RELATION OF ADULT FEEDING TO THE DISEASE

Studies with nymphs have given no clue as to the exact effect of
adult feeding on symptom expression. Two sets of experiments were
set up July 16, 1929, in which adult psyllids were allowed to feed for a
period of 28 days on healthy Irish Cobbler plants in the open field.
In the first series, 50 adults were fed on each of 10 plants. These
were confined in groups of 10 on each of 5 different leaves of the plant,
by means of small spring cages. In the second series, 75 insects were
fed on each of 10 plants, 15 in each spring cage on each of the 5 separate
leaves. Five of the insect-infested plants of each series were then
placed under insect-proof cages and kept covered for the entire time
of the experiment. The other five plants of each series were left uncovered and exposed to the natural weather conditions in the field.
Cages with insects were shifted to new feeding areas on the leaf every
third day and the eggs laid during the period destroyed. All insects
lost through death or escape were promptly replaced by additional
insects from the insectary. No indication of the disease developed
from adult feeding either during or subsequent to the 28-day period.
Five additional series of experiments were started on August 22 in
the greenhouse to determine whether adults in numbers greater than
those used in the earlier field studies could induce yellows. In these
experiments the insects were confined to the plants in large celluloid
cages under which the plants had been grown, thus allowing feeding
over the entire plant surface. To insure against nymph feeding, the
adults were removed at intervals of four days and all eggs destroyed.
In this process, adults were removed from the cages by suction guns
and placed in small vials. The eggs were then crushed and the
original number of insects replaced. All adults used in the experiment were obtained from diseased plants in the insectary.
In series 1, 100 adults were placed on each of 10 plants on August 22
and allowed to feed until September 16, a total of 25 days. At the
end of the feeding period, none of the plants showed symptoms of
psyllid yellows. Eggs laid during the last 4-day period of insect
feeding, September 12 to 16, were allowed to hatch on 6 of the 10
plants used in the experiment. All 6 of these plants showed typical
sj^mptoms within 9 to 12 days after the hatching of the eggs. The
other 4 plants, kept free from nymphs, did not develop psyllid yellows
after the removal of the adults.
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Series 2 was a duplication of series 1 except that 150 instead of 100
adults were used. Eight of the ten plants remained free from s,ymptoms for 28 days, at which time the experiment was terminated.
Two plants showed unmistakable symptoms of disease. When
examined, however, both diseased plants were found to carry a number
of psyllid nymphs, hatched from eggs which were overlooked in the
experiment. All adults were removed from the 10 plants at the end
of 28 days. As in series 1, the eggs laid during the last 4 days of the
experiment were allowed to hatch on 6 plants, all of which developed
psyllid yellows within 8 to 12 days after the nymphs commenced
feeding.
Series 3, 4, and 5 differed from 1 and 2 only in the number of adults
used. In series 3, 200 adults were allowed to feed on each of 5 plants;
in series 4 and 5, 500 and 1,000 adult insects, respectively, were placed
on each of 3 plants. After 28 days' feeding, none of the 11 plants in
the three series showed the slightest symptom of disease. Plants fed
upon by these larger numbers, however, were evidently stunted in
growth, and when the numerous nymphs from eggs laid during the
last four days of the experiment were allowed to feed, 7 of the plants
were killed.
The five experiments on adult feeding were carefully checked,
(1) by placing 50 nymphs on 10 healthy plants and allowing them to
feed during the 28 days, all of them developing psyllid ^/ellows, and
(2) by placmg 7 plants under cages not exposed to insect feeding but
treated as if eggs were being crushed at the same period as eggs were
crushed in the experiments. Except for apparent stunting and
occasional leaf mutilation, these latter plants showed no indication of
treatment. A final check was provided by growing 10 plants under
cages free from insects and untouched. The check plants remained
free from disease during the 28 days of the experiment and grew somewhat larger than did those exposed to insects.
Results of the five series on adult feeding are given in Table 7.
TABLE

7.—Results of five series of experiments in which various numbers of adult
psyllids were fed for 25 days on healthy Irish Cohhler potato plants

Experin^ent No.

1
2
3
4
.5
Control -

Insects
used
per
plant
100 Adult
160
do
200 __.. do
do
600
1,000
_. do
CO Nymph

Plants
used

Stage of insect

.-._

-

._

. -

_-

10
10
5
3
3
20

Diseased
plants

0
«2
0
0
0
20

Healthy
plants

'

10
8
5
3
3
0

« As explained in the text, these 2 plants showing unn^.istakable symptoms were found to have a number
of nymphs feeding on them.
RELATION OF NYMPHS TO INFECTIVE PRINCIPLE

The failure of adult psyllids to induce the disease at once raises the
question as to the origin or source of the substance injected by nymphs
which produces the pathological symptoms characteristic of psyllid
yellows in the potato. An attempt was made to separate the nymphs
from this substance by removing eggs from the leaves of potato
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plants to healthy disease-free leaves in Petri dishes where they were
allowed to hatch. The resulting nymphs were then transferred to
healthy plants on which they were allowed to develop into adults and
finally to lay eggs. From these eggs three separate broods of nymphs
(A, B, and C) were obtained and were placed on healthy potato plants
in the greenhouse. Two hundred nymphs were placed on each plant
used in the experiment. Two plants were used for insects from
brood A, 3 for brood B, 4 for brood C. Nymphs were allowed to feed
for 27 days. Eight plants were held free from insects as controls, and
additional plants were inoculated, each with 200 nymphs from
diseased potato plants. All nine plants fed on by the n^/mphs from
broods A, B, and C developed uniformly symptoms entirely characteristic of psyllid yellows and in a more severe form than that
produced by nymphs from diseased potato plants. The results are
recorded in Table 8.
TABLE

8.- -Results from the feeding of psyllid nymphs which were obtained from eggs
hatched in Petri dishes on disease-free potato leaves
[Feeding period, 27 days, March 25 to April 22, 1929]

Source of insects

Brood A..
Brood B... .__ ..
Brood C
From diseased plants
Insect-free (control)

Plants Insects Dis- Healthy Incubaemper
eased
tion
ployed plant plants plants period
Number Number Number Number
2
2
0
200
0
3
3
200
0
4
4
200
0
200
8
8
8

0

0

8

Days
6
6
6-8
6-8

Degree of severity of disease

Severe expression.
Do.
Do.
Mild to severe; only 2 plants
equalled in severity the plants
fed upon by insects, broods A,
B,and C.

TRANSMISSION STUDIES

During 1928 and 1929 various standard methods used for the artificial transfer of virus diseases were employed in attempts to transmit
psyllid yellows from diseased to healthy potato and tomato plants.
Large numbers of plants in different stages of development were used
as sources of inoculum and for inoculation. All these attempts gave
negative results. Binkley (i, v. 26) also reports negative results in
his attempts to transmit artificially the disease in the tomato. In
preliminary experiments grafting has also proved ineffective as a
means of transmission. To date, the nymph of Paratrioza cockerelli
appears to be the only known means by which psyllid yellows can be
transmitted from diseased to healthy plants, if such transfer actually
takes place, or by which the disease is induced directly into healthy
plants. Further work is now in progress to test all known methods
of artificial transmission.
Observational and experimental evidence further indicates that
psyllid yellows is not transmitted through the tuber from diseased
parents to the progeny under field or greenhouse conditions in Utah.
Young plants from attached tubers produced by diseased plants or
from tubers detached from the mother plants show no symptoms of
the disease; however, both may develop the disease with equal readi-
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ness when fed upon by psyllid nymphs. It is also quite possible that
young attached shoots may in time develop the disease through the
mother plant, when the latter is fed upon continually by nymphs,
although this relation has not been clearly established. In the field
shown in Figure 1, D, only 18 plants were found to exhibit distinct
psyllid symptoms on October 4, 1927, when the photograph was taken.
Nymphs were found actively feeding on all of these. Three bushels
of tubers selected from this same crop and planted in 1928 produced
vigorous plants entirely free from any signs of the disease.
Because of the vigor of the plants, the owner selected seed from this
same stock for his 1929 planting. Although in 1928 the plants were
infested with the psyllids later in the season, the plants in 1929 again
appeared entirely free from the disease and remained so throughout
the season. Other observations similar to the foregoing were made
during 1927 to 1930, inclusive, and plantings made for the purpose
of determining tliis relation gave similar results. In 1929, 15 fields
of second-crop potatoes from discarded infested tubers were observed
to show no symptoms of psyllid yellows until fed upon by psyllid
nymphs later in the season. Under no observed conditions have
plants, grown from tubers produced by infected parents and kept free
from insects, shown symptoms of psyllid yellows either in the greenhouse or in the field.
EPIDEMIOLOGY OF PSYLLID YELLOWS
GENERAL NATURE

The sudden appearance of psyUid yellows in 1927 provides an interesting problem for analysis. According to data already presented,
the disease appeared rather suddenly in the early crop throughout
Utah, the western slope of Colorado, southern Idaho, and local areas
in Montana and Wyoming. This apparently sudden and extensive
distribution was no less startKng than the degree of uniformity with
which the disease occurred. In Utah few, if any, fields in the infected
areas escaped the disease, and in certain locaHties, particularly those
growing early potatoes, infection was so complete that scarcely an
unaffected plant could be found. Isolated fields in canyons many
miles removed from the main valley centers of potato culture became
infected before the end of the season. A similar situation existed
throughout the western slope of Colorado where the disease almost
completely destroyed the potato crop in many districts.
FACTORS INVOLVED

The sudden appearance and widespread and uniform distribution
of psyUid yellows in 1927 are explainable only by the presence of some
prohfic and rapidly disseminated etiological factor, such as is found
in the tomato psyUid. The distribution of Paratrioza cockerelli prior
to 1927, the nature of the insect, that is, its natural means of dissemination, rate of development, longevity and degree of fecundity,
insect parasitology, and the number and distribution of host plants
are, therefore, vital factors. The various environmental factors,
such as temperature, humidity, and air movement enter into the
problem chiefly as a result of their influence on the fecundity and
dissemination of the insect.
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The suddenness with which psyllid yellows occurred and the
novelty of the disease in the infested areas during 1927 suggests an
early migration of Paratrioza cockerelli from a few local areas in
which the insect normally survived into the various parts of Utah,
Idaho, Montana, Wyoming, and parts of Colorado. On the other
hand, it is quite possible that the insect had previously occupied
these infected areas but had occurred in such small numbers as to
entirely escape notice, especially as an etiological factor; thus, with a
disturbance of some peculiar balance, the involvement of the entire
region of the 1927 epidemic was made possible.
Survey studies subsequent to 1927 have established the fact that
Paratrioza cockerelli had been present and responsible for psyllid
yellows during 1925 and 1926 in the Green River and Washington
County districts in Utah and in certain districts in Colorado. It is
conceivable that the insect might have spread from these various
areas throughout the range occupied in 1927. The more general
distributions of the insect reported by Crawford (4) in 1914 appears
to furnish the more plausible explanation for the 1927 epidemic of
the disease. This writer gives the distribution of the species of
Paratrioza cockerelli as covering the entire southwestern part of the
United States and reports the specific localities in which the insect
has been found as follows: Boulder, Rocky Ford, and Canon City,
Colo.; Milford and Park City, Utah; Tucson and Fort Yuma, Ariz.;
Madagascar Mountains, N. Mex.; Claremont, El Centro, San Luis
Obispo, Argus Mountains, Alameda, and Death Valley, Calif. The
occurrence in Milford and Park City, Utah, is especially interesting,
and the further fact that the Utah station entomologists have observed
Paratrioza cockerelli in the infested areas in previous years suggests
the distinct possibility that the insect might have been more generally
distributed than had been supposed. The ability of the insect to
overwinter in those areas to which it spread in 1927 and its early
appearance in Davis County, Utah, apparently bear out this
possibility.
NATURE OF THE INSECT

Crawford (5, 4), Ferris (7), and Lehman (10) describe Paratrioza
cockerelli as a small homopterous insect of the family Cheridae with
a small, active clear-winged adult stage, varying in size from 1.3 to
1.8 mm in length and from 0.39 to 1 mm in width. This small adult
is extremely active; when disturbed, it springs quickly into the air by
means of its powerful hind legs. The springing habit of the insect,
assisted by night and by the wind, undoubtedly functions effectively
in the distribution of the species and consequently in the spread of
the disease at least within relatively localized areas. The insect is
so minute that when once in the air it might readily be transported
considerable distances by the air currents. It is conceivable that
the combination of these factors may result in the transportation of
the insect over long distances.
Observations as to the longevity of the adult vary. Compere (2)
noted that Paratrioza cockerelli adults lived for three months ^ in
(iaptivity. Knowlton and Janes (9) gave 64 days as the longest life
period for an adult male and 189 days for an adult female, with an
average life of 25.22 days for males and 34.4 days for females. The
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writers found the life of the female to vary from a few hours to 60
days, with an average longevity under greenhouse conditions of 45
days. The long life of the insect may result in overlapping of broods,
which fact, coupled with a long oviposition period, aids greatly in
increasing the number of affected individuals.
Compere (2) observed that egg laying commenced three days after
copulation, although he did not state the length of the preoviposition
period. Knowlton and Janes (9) reported a preoviposition period
varying from 5 to 25 days, with an average of 10.1 days from emergence of adult female until the first e^gs were produced. Similar
results to those of Knowlton were obtained by the writers. It will
be noted from Table 9 that the preoviposition period for the 10 females
varied from 4 to 20 days, with an average of 9.7 days between emergence and the production of the first eggs. Compere (2) stated that
three adults in captivity laid eggs for a period of 3 days. Knowlton
and Janes (9), on the other hand, gave a much longer period of egg
laying, varying from a few days to a maximum of 179 days. They
found the average oviposition period of 58 females to be 21.45 days.
For 10 insects observed under greenhouse conditions, the writers
found the oviposition period to vary from 20 to 53 days, with an
average of 35.2 days. (Table 9.)
TABLE

9.—Egg-laying history of 10 adult females of Paratrioza cockerelli (Sulc)
under greenhouse conditions

[One pair of adults was confined to leaves of potatoes by means of spring cages; at the end of each 24 hours
the cages with insects were removed to a new leaf area and eggs laid during the 24 hours counted]

Adult No.

1
2
3
5
6
7

Pre-egglaying
period
of adult
Days

5
6
11
16
4
6
5

Length
of egglaying
period
Days
20
21
33
28
53
46
49

Total
eggs
laid
Number
430
458
851
504
1,460
979
829

Adult No.

8
9
10
Minimum
Maximum
Average

Pre-egglaying
period
of adult

Length
of egglaying
period

Total
eggs
laid

Days
20
17
5

Days
35
31
36

Number
553
497
641

4
20
9.7

20
53
35.2

430
1,460
720

In the shortest oviposition period of 20 days, as shown in Table 9,
the insect laid 430 eggs, while the female with an oviposition period
of 53 days deposited 1,460 eggs. Also, as shown in Table 9, the 10
insects averaged 720 eggs. Knowlton and Janes (9) report a total
of 19,833 eggs from 60 females, with an average of 330.55 eggs for
each of the 60 females. These writers also record a maximum of
1,352 eggs for a single female, laid during a period of 179 days.
Knowlton and Janes (9, p. 285) record a high percentage hatchabiUty of psylhd eggs. Of 9,615 eggs observed, 7,989, or approximately 83 ^^ per cent, hatched, giving rise to hving nymphs. The
large number of eggs, their hatchabihty, and the extended period
during which the female psyllid may lay eggs undoubtedly plays an
important part in the epidemiology of psyllid yellows.
Paratrioza cockerelli passes through an incomplete metamorphosis
with the usual stages of adult, egg, and nymph. The time required
5 This should be 83 per cent.
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for completion of the life cycle has been variously estimated and has
been shown to depend to quite an extent upon the influence of environment on the development of the insect during the various stages
of growth. Compere (2) reports that approximately 45 days were
evidently required to complete the life cycle under the conditions
imposed in his experiments. He further states that the broods ^'are
continuous throughout the year.^^ Lehman (10) gives 25 days as
the time necessary for the life cycle of the insect. Knowlton and
Janes (9j p. 286), in laboratory studies with a much larger number
of insects than observed by Compere, give the time for development
of the various instars shown in Table 10.
TABLE

10.—Time of development of various instars of Paratrioza cockerelli as
given by Knowlton and Janes

Instar

First
Second
Third.-

Nymphs Average
days
observed required
252
186
158

2.76
2.44
2.49

Instar

Fourth
Fifth _

Nymphs Average
days
observed required
151
133

2.72
4.87

Knowlton and Janes (9) state that the total time for nymphal
development for some 800 nymphs observed varied with conditions
from 12 to 21 days, with an average of 16 days. These data correspond essentially with the observations of the present writers.
Judging from the data supplied by Knowlton, the life cycle of Paratrioza cockerelli from Q>gg laying to adult emergence may be completed
within from 25 to 37 days, depending on the conditions to which the
insect is exposed. These data are significant in view of the fact
that nymphs have been observed under the rather vigorous climate
at Logan, Utah, as early as May 4, and in an active state as late as
November 2. In view of these data, it appears possible that from
three to five broods may develop during a single season. Consequently, the progeny from a single female adult under favorable
conditions may number into the millions in a single season. In view
of such fecundity and length of life favorable ecological conditions
for overwintering and propagation may initiate an epidemic any
season.
PARASITOLOGY OP INSECT

Little is known of the parasites of Paratrioza cockerelli, although the
writers have observed that such do occur and undoubtedly play an
important part in the survival of the species. Whether the absence
of psyllid parasites played a significant part in the epidemic of 1927
and in the persistence of the insect during 1928-29 and 1930-31, there
is no way of determining. However, as the variation in the physical
environment appears inadequate to explain the epidemic of 1927, it
would seem that the abundance and sudden appearance of the insect
during the particular j^ear might be adequately explained by a serious
disturbance of the biological balance which ordinarily keeps the
insect in check. The parasitology of Paratrioza cockerelli remains as
a problem for further study.
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NUMBER AND DISTRIBUTION OF HOST PLANTS

The food plants of Paratrioza cockerelli are undoubtedly important
in facilitating the distribution of the insect. The degree of influence
which these food plants exert, however, is still problematic, although
the number of plants on which the insects have been found is significant. Crawford U, p. 72) lists food plants as follows: ^^Pepper [flaysicum annum), tomato (Solanumnigrum), pot ato (Solanum tuberosum),
* * * spruce (Picea sp.) pine (Pinus monophylla), alfalfa (Medicago sativa). List (11, 12) reports psylHds as being abundant on the
cultivated tomato in Colorado.
Ferris (7) observed adults and nymphs from California on tobacco
(Nicotiana tahacum), and Compere (2) stated that the insects on
which he made observation in the Golden Gate district of California
were found on the Jerusalem cherry (Solanum capsicastrum). Van
Duzee (17) listed the insects on members of the following genera:
Capsicum, Solanum, Purshia, Picea, Pinus, and Medicago. Essig (ô,
p. Jf.38) in 1917 added Datura sp. and Solanum nigrum to the fist of
host plants. The writers have found Paratrioza cockerelli nymphs and
adults feeding abundantly on tomato (Lycopersicum esculentum),
groundcherry (Physalis longifolia), matrimony-vine (Lycium vulgäre),
and on all varieties of the potato (Solanum tuberosum) grown in Utah
during the past three years. In the greenhouse the nymphs have
been found to feed on tobacco.
The common groundcherry appears to be a most favorable host
of Paratrioza cockerelli in Utah, second possibly only to the potato
in importance. In 1927, this plant was universally infested with
psyllids throughout the State, and even in isolated areas miles from
potato fields it was found to support large numbers of both nymphs
and adult psyllids. The general distribution of this Physalis species
in Utah undoubtedly facilitated the dissemination of P. cockerelli
in 1927 and figured as an important factor in the epidemic of psyllid
yellows in that year, as well as in the general epidemiology of the
disease.
DISCUSSION

Accumulated evidence clearly indicates that Paratrioza cockerelli
in some definite way is involved in the etiological complex of psyllid
yellows. Exactly in what manner the insect produces the disease,
however, has not been revealed, although some facts are sufficiently
suggestive as to merit definite consideration. The total absence of
visible disturbances at the point of insect feeding, together with the
systemic nature of psyllid yellows and the few insects necessary to
induce the disease, precludes mechanical injury or food extraction
as possible elements in disease production. On the other hand,
these basic relations considered in connection with other features of
the disease suggest more definitely that the disease is produced
either by a virus, transferred from plant to plant, or by some toxic
substance injected into the plant tissue during the feeding process of
P. cockerelli nymphs. Facts have been obtained which support both
possibilities.
The more critical studies have revealed facts which are difficult
to fit into the virus theory. The abrupt cessation of symptom
development with the removal of the insect followed by an apparent
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uniform tendency to recover from the disease, is especially pertinent
in this connection. These facts, when taken together with the
development of apparently healthy organs from axillary buds and
the absence of tuber transmission of the disease, renders acceptance
of the virus concept particularly difficult. In this connection it is
also necessary to recall that the adult psyUid is incapable of producing
psyllid yellows after feeding on diseased plants, and that the infective
principle, whatever its nature, is probably inseparable from the
psylhd nymphs, which alone are capable of producing the disease.
The foregoing, however, must be considered in view of the fact that
Shapovalov (16) reports tuber transmission of psyllid yellows and
that Binkley (1) claims to have separated that which he considers
as a virus from the nymph and has unhesitatingly designated the
disease as of virus origin. On these two points the meager data
presented by these workers raise a serious question as to the justification for their conclusion. Whether or not the substance injected
into the potato plant by Paratrioza cockerelli is a virus remains a
question for future research.
To the writers the explanations that appear most plausible,
especially in view of a number of the foregoing facts, is that Paratrioza
cockerelli dnrmg its feeding processes injects into the plant tissues
some toxic substance which quickly becomes systemic and possibly
produces the exaggerated responses characteristic of the disease by
its interference in some way with the carbohydrate metabolism of
the plant.
It is interesting in this connection to note that Monteith and
Hallowell (13) report a condition involving the feeding of leaf hoppers
on legumes which resemble closely the etiological complex and symptomatological responses involved in psyllid yellows. They suggest
that the pathological symptoms involved are probably the result of
some ^^ chemical or enzymatic toxin,'^ secreted by the leaf hoppers.
Should the toxin theory of psyllid yellows prove correct, it would
appear that this disease, also the whitetop of alfalfa and other
legumes, the hopperburn of potatoes, and possibly other diseases,
constitute a group of plant maladies that may truly be designated,
based on their peculiar etiology, as insect diseases.
SUMMARY

Psyllid yellows as a disease of the potato first came to the attention
of plant pathologists in 1927, although there is evidence that the
trouble has existed in certain isolated areas in Utah for a number of
years prior to this date.
The disease may develop suddenly over a vast area in any one season
and is capable of extensive and frequently complete destruction in
both the early and the late potato crop.
Studies since 1927 have shown the dangeroas nature of psyllid
yellows and indicate that in certain districts it is a perennial menace
even to the extent of eliminating the potato as a crop. This condition exists particularly in Washington County in southern Utah,
and also in the early potato-growing areas of Davis and Weber
Counties in the northern part of the State. A similar condition is
reported also for the Fruit a section in the Grand Junction district of
Colorado (western slope).
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In survey studies the tomato psyllid (Paratrioza cockerelli Sulc)
has been found constantly associated with psyllid yellows of the potato,
and experiments have shown that the disease is in some way induced
during the feeding processes of the nymphs of this insect.
Under conditions especially favorable for symptom expression as few
as three to five nymphs might occasionally produce psyllid yellows,
although uniformity of appearance and full expression of symptoms
seldom result with fewer than 15 to 30 actively feeding nymphs.
The adult form of Paratrioza cockerelli in numbers up to 1,000 per
potato plant appear incapable of producing psyllid \^el]ows symptoms
on the plant in the field or in the greenhouse.
The symptomatology of psyllid yellows varies greatly with the
number of insects feeding, the length of feeding period, and the
intensity and duration of light exposure during the time of feeding.
Psyllid-yellows symptoms under conditions of unmodified sunlight
consist of yellowing, basal leaf rolling and purpfing of the younger
leaves, yellowing and rolling of older leaves, nodal enlargement,
increased axillary angle, aerial tubers and shoots, frequent rosetting,
various apical growths, and distortion, excess tuberization, and
inhibition of rest period. Under conditions of decreased exposure
and intensity of light, basal, marginal, and interveinal yellowing
becomes a constant feature of the disease.
Progress in symptomatological expression is stopped abruptly
when insects are removed at intervals of 12, 16, and 26 days after
feeding has commenced, indicating that the full expression of symptoms of psyllid yellows results only when nymphs of Paratrioza
cockerelli are allowed to feed continuously on the tissues of the
infested plant. A tendency toward recovery results when time of
feeding in the greenhouse is less than 16 days. Recovery in the
field has also been observed. So far as is known, P. cockerelli is the
only factor capable of producing psyllid yellows in the potato and in
related plants.
Attempts to transmit psyllid yellows from diseased to healthy
plants have failed. Under Utah conditions the disease does not
appear to be transmitted from diseased plants to the following
generation through the tuber.
The size, motility, prolific fecundity, longevity, and long oviposition
period of the female are important factors in the rate of dissemination
of the insect. These factors, when considered in connection with the
apparent general distribution of the insect, provide, in part, at least,
an explanation of the sudden widespread epidemic of psyllid yellows
in 1927.
In preliminary tests n^'mphs of Paratrioza cockerelli were not
separated from the infective principle by hatching eggs on healthy
potato leaves in Petri dishes. In fact, nymphs so hatched produce
a more vigorous symptom response on healthy Irish Cobblers than
psyllid nymphs of the same age grown on infected potato plants.
The true nature of the infective principle injected into potato
plants by Paratrioza cockerelli at present remains unknown. Available facts, however, question somewhat the virus theory of the disease
and suggest the possible existence of some toxic substance which is
produced in some way during the feeding process of the psyllid
nymphs. Additional facts will be necessary before final conclusions
can be drawn as to the true etiology of psyllid yellows.

216

Journal oj Agricultural Research

voi. 46, No. 3

LITERATURE CITED
(1) BiNKLEY, A. M.
1929-30. TRANSMISSION STUDIES WITH THE NEW PSYLLID-YELLOWS DISEASE OF soLANACEOus PLANTS. Science (n. s.) 70:615,
1929. Also Amer. Soc. Hort. Sei. Proc. (1929) 26:249-254,
1930.
(2) COMPERE, H.
1916. NOTES ON THE TOMATO PSYLLA. Calif. Coiïin. Hort. Mo. Bui.
5:189-191, illus.
(3) CRAWFORD, D. L.
1911. AMERICAN PSYLLIDAE. Ill TRioziNiE. Pomona Col. Jour. Ent.
3:[421]-453, illus.
(4)
1914. A MONOGRAPH OF THE JUMPING PLANT-LICE OR PSYLLIDAE OP THE

NEW WORLD. U. S. Nati. MPS. Bul. 85, 186 p., illas.
(5) ESSIG, E. O.
1917. THE TOMATO AND LAUREL PSYLLIDS. Jour. EcoD. Ent. 10:433-444,
illus.

(6)

1926. INSECTS OF WESTERN NORTH AMERICA, A MANUAL AND TEXTBOOK
FOR STUDENTS IN COLLEGES AND UNIVERSITIES AND A HANDBOOK
FOR COUNTY, STATE, AND FEDERAL ENTOMOLOGISTS AND AGRICULTURISTS AS WELL AS FOR FORESTERS, FARMERS, GARDENERS,
TRAVELERS, AND LOVERS OF NATURE. 1035 p., illus. NeW York.

(7) FERRIS, G. F.
1925. OBSERVATIONS

ON

THE

CHERMIDAE

(HEMIPTERA:

HOMOPTERA)

PART II. Canad. Ent. 57:46-50, illus.
(8) HuNGERFORD, C. W., and DANA, B. F.
1924. WITCHES* BROOM OF POTATOES IN THE NORTHWEST.
ology 14:[372]-383, illus.
(9)

Phytopath-

and JANES, M. J.
1931. STUDIES ON THE BIOLOGY OF PARATRIOZA COCKERELLI SULC.

KNOWLTON, G. F.,

Ann.

Ent. Soc. Amer. 24:283-290, illus.
(10) LEHMAN, R. S.
1930. OBSERVATIONS ON THE LIFE HISTORY OF THE TOMATO PSYLLID

(PARATRIOZA COCKERELLI SULC.) (HOMOPTERA).
Soc. 38:307-312.
(11) LIST, G. M.
1918. TESTS OF INSECTICIDES.

(12)

Jour. N. Y. Ent.

Colo. State Ent. Circ. 26:36-45.

1925. THE TOMATO PSYLLID, PARATRIOZA COCKERELLI SULC.

Colo. State

Ent. Circ. 45:16.
(13) MoNTEiTH, J., JR., and HOLLOWELL, E. A.
1929. PATHOLOGICAL SYMPTOMS OF LEGUMES CAUSED BY THE POTATO LEAF
HOPPER. Jour. Agr. Research 38:649-677, illus.
(14) RICHARDS, B. L.
1927-28. A NEW AND DESTRUCTIVE DISEASE OF THE POTATO IN UTAH

AND ITS RELATION TO THE POTATO PSYLLA.

Amer. Proc. 14:94, 1927.
18:140-141, 1928.

PotatO AsSOC.

Also (Abstract) Phytopathologv

(15)
1931. FURTHER

STUDIES

WITH

PSYLLID

YELLOWS

OF

THE

POTATO.

(Abstract) Phytopathology 21:103.
(16) SHAPOVALOV, M.
1929.

TUBER

TRANSMISSION

OF

PSYLLID

YELLOWS

IN

CALIFORNIA.

(Abstract) Phytopathology 19:1140.
(17) VAN DUZEE, E. P.
1917. CATALOGUE OF THE HEMIPTERA OF AMERICA NORTH OF MEXICO,
EXCEPTING THE APHIDIDAE, COCCIDAE AND ALEURODIDAE.

902 p.

Berkeley, Calif.

(Calif. Univ. Pubs., Ent. v. 2.)

