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RELATION OF MOSAIC TO RUNNING-OUT 

OF POTATOES IN MINNESOTA 

By F. A. KRANTZ and G. R. B1sBY1 2 

INTRODUCTION 

"Running-out," in Minnesota as elsewhere, is a serious factor in 
potato production, hence it has seemed advisable to present a brief 
statement of certain experiments which have been performed to deter
mine something of its riature and the way in which it is transmitted. 
It should be understood at the outset that running-out is used here 
in the sense of the degeneration of seed stocks rather than the degenera
tion of varieties. The term is in common use among growers in this 
sense when it is used in connection with decreased yield associated with 
certain plant types. 

EARLY HISTORY OF RUNNING-OUT IN MINNESOTA 

For thirty-seven years the Minnesota Agricultural Experiment 
Station has t,·iven some attention to the degeneration of potato seed 
stock. The earlier statements ( 27, 28) contained meager descriptions 
of run-out plants. Very little was known at that time about the nature 
or the cause of the trouble, it being simply noted that "degeneration," 
"loss of stamina," or "loss of vigor," resulted in smaller yields. 

In 1886 Porter ( 27) reported that four seasons' results led to the 
conclusion "that change in climate, soil, and season will not restore the 
lost stamina of the older varieties and that the quality and 
productiveness of even recently introduced popular varieties are rapidly 
deteriorating. At present the cause of this deterioration seems 
to be due to the loss of constitutional vigor in the plant due to long 
continued propagation from the same stock, in which all the diseases 
and defeds of years of cultivation have accumulated." 

Green (5, 6, 7) in 1889, 1895, and 1896 called attention to the fact 
that it was impossible to maintain seed stocks at University Farm, while 
seed stocks of the same varieties in other sections of the state seemed 
to maintain themselves indefinitely. The comparative difference be
tween the 'size, uniformity, and yield of plants of run-out seed stock 
and those of newly introduced seed stock was brought out by Kohler 

1 Resigned March, 192 I. 

•The writers wish to acknowledge their indebtedness to Richard Wellington, A. R. 
Kohler, and A. W. Aamodt for data secured in these experiments. Thanks are also due to 
0. I. Bergh, North Central Substation, Grand Rapids; M. J. Thompson, Northeast Sub· 
station, Duluth; and T. M. McCall, Northwest Substation, Crookston, .for their cooperation at 
these places. 
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( 15) in 1909. The measurements and yields reported indicate the 
dwarf nature and decreased yield of plants from old seed stock. Pho
tographs on file indicate that Kohler was dealing with mosaic dwarf. 
(See Figs. 1, 2, 4.) He further noted that the disorder was not a 
general phenomenon affecting all plants of the old seed stock alike, 
but that there was marked variability in size of the individual plants 
as compared to the uniformity in size of plants from new seed stock. 

Fig. 1. Mosaic Dwarf Plants of Irish Cobbler Variety 

Healthy row on left, diseased row on right. Photo. by A. R. Kohler, July 30, 1908. 

In 1914 Orton (26) described the symptoms of mosaic, curly dwarf, 
leaf roll, and related diseases. In his discussion on the occurrence and 
distribution of curly dwarf, he mentions that this disease probably 
"plays a large role in the deterioration of potatoes." Stakman and 
Tolaas (32), in 1916, called the attention of growers to the presence 
of these diseases in Minnesota. In 1917 Wellington (35) pointed out 
the similarity of the symptoms exhibited by "run-out" plants at Uni
versity Farm and those of curly dwarf as described by Orton. Curly 
dwarf was described by Orton as a disease distinct from mosaic and 
it has been generally so considered until recently. Observations and 
e~periments carried on in Minnesota have led the writers to conclude 
that much, if not all, of the so-called "curly dwarf" in Minnesota, as 
probably elsewhere, has been nothing more than an extreme case of 
mosaic. This does not mean there may not be cases of curly dwarf 
not due to mosaic, but it appears that in Minnesota at least the greater 
part of what has been known as "curly dwarf" was merely severe 
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cases of mosaic. The term "mosaic dwarf" has been used to designate 
such extreme cases of mosaic and to distinguish them from any non
infectious curly dwarf. 3 

EARLY HISTORY OF POTATO MOSAIC 

A review of the older literature on degeneration of potatoes indi
cates that mosaic is probably not a new disease. A condition spoken 
of as "curl" was observed in England before the 18th century. The 
early descriptions of curl strongly suggest that most of it was very 
probably the same disease which is known today·as mosaic dwarf, altho 
leaf roll and other diseases may also have been present. 

Fig. 2. Mosaic Dwarf Plants 

Healthy plant and mosaic dwarf plant of the Green Mountain variety planted Jan. 2, 1920. 

Photo April l, 1920. 

Three affected rows of Early Ohio between two rows of healthy Green Mountain stock. 
Photo. July 10, 1918, shown on cover. 

Arthur Young (40), under date of July 26, 1782 (published in 
r 784), reported certain varieties to be curled, others not. Curl was 
even then apparently not considered a new disease. Young ( 41) also 
reported observations on the disease made in 1784. Thomas Martyn's 
( 21) edition of Philip Miller's "Gardeners' and Botanists' Dictionary" 
also reports that certain varieties were preferred or neglected as early 
as 1784 because of the presence or absence of curl in them, quoting 
Marshall as authority for these statements. Marshall ( 23), in 1788, 

3 The recent report by Murphy (Canada Dept. Agr. Div. Bot. Bui. 44, 1921) on crinkle 
and leaf-drop, received after this bulletin was in print, refers to conditidns similar to some of' 
those found at University Farm~ The authors have recognized, in the descriptions of symp
toms occurring at University Farm, that crinkling of the leaves may occur and that the 
lower leav"'s may drop. There are, however, also marked symptoms of mosaic present which 
are particularly evident when the plants are grown in the greenhouse. The whole complex is 
transmitted as outlined herein and it is considered that the general diagnosis of mosaic dwarf 
is not erroneous, altho subsequent work may show that mosaic dwarf at University Farm may 
be resolved into more than one disease as indicated by the symptoms occurring. 
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wrote as follows regarding potatoes in Yorkshire, England : "There is 
some reason to believe that the disease, which has oj late years been 
fatal to the potato crop jn this and other districts, under the name of 
Curled Tops has arisen ·from too long a continuance of declining va
rieties. Be this as it may, it appears to be an opinion established here, 
by some years' experience, that fresh varieties raised from seed, are 
not liable to that disease." He cites one instance in which "its removal -
was in all probability owing to the introduction of new varieties." 

He writes further that "the district under survey furnishes a re
markable instance respecting this disease. The Morelands are at 
present in a manner free from it, while the Vale is still in some degree 
infected with it. Plants procured from the Morelands remain free 
from it in the Vale, the first year; but being continued, become liable 
to the disease." 

"The disease o_f curled tops is seldom obvious at the· first coming 
up of the plants; but attacks-them as th"ey increase in size; the entire top 
becoming dwarfed and shriveled as if affected by. drought, or loaded 
with insects; they nevertheless live, and increase, though slowly, in 
size, but the roots are unproductive." 

"Where the att~ck has been partial, weeding out the diseased plants 
as they failed, is said to have had a good effect. And, it is said, the 
Morelanders got rid of the disease through this means;" 

Marshall's statements are not unlike those found in the literature 
up to a few years ago. The observations on the Morelands and the 
Vale parallel our own experience at University Farm. 

Mordaunt (24) in lj90, gave some idea of the symptoms, stating 
that "The plant is subject to a disease which often reduces the produce 
above 'one half ; the farmers very aptly call it the curl, the leaves curl
ing to a very great degree; when that happens you find only one or 
two small roots (tubers) not worth the expense of taking up ; this 
happens sometimes to a fourth of the field, or more, to the farmers' 

. great detriment." He considered the "real cause" to be a milliped 
which bored into the stems, whereas Hollins (8), in 1791, suggested 
that curl was occasioned by earthing up the plants. A writer signing 
himself "Howdeniensis" (9) wrote under date of October 16, l8o4, 
that "The curl has only been known about forty years, and may be at
tributed solely to differences in temperature" in pits ("pies") and 
in the field. He reported that sets from the north of Scotland produced 
few curled plants. 

Cathcart (3) writes as follows: "That destructive and continuous 
disease, the curl, says Mr. Rahn, an exact authority, was first noticed 
in this same year, 1764. Partial though the affectation of the curl may 
have appeared, it yet broke out in the same form in widely separated 

,I 
I 

I 

,I 
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countries. Stephens, (Book of the Farm) the most practical writer 
I know, characterizes the curl as weakness. The leaves curl and crum
ple; when virulent they shrivel. The tubers are. small and rot; the 
herbaceous stems are puny; and a small jnsect feeds on the stem; some 
call this the cause; a few plants curl one year; planted the next, half 
the crop will prove diseased; the disease is hereditary." 

The statement that the disease known as curl was known as far 
back as 1764, and the published records found back to 1782, suggest 

Fig. 3. Inoculated and Uninoculated ·Plants 

Plants A and B are from separate halves of the same tuber, planted January .z, 19.zo. 
A was inoculated on February 25 with plant juice taken from plant shown at right in Fig • .z. 
Photo. April 1, 1920. 
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that the curl probably occurred at least from the time potatoes became 
a common source of food in ·the British Isles. While Banks ( 2) con
sidered that the potato was introduced into. the United Kingdom first 
in I 586, it was not, according to Miller, ( 22) "till some time after the 
middle of the 18th century that the potato came to be generally used 
as an esculent root through the greater part of England." Miller's 
Dictionary of 1771 lists o_nly two varieties of potatoes, "white and red," 
but does not mention "curl." In a paper giveq in 1807, Knight ( 12) 
reported that he considered correct the idea that the "duration of a 
variety, in a state of perfection," was only about fourteen years. He 
associated the "running-out" of varieties with curl disease, the symp
toms of which he described in papers (13-14) published in 1818. 
Various other reports on curl were published during the first half of 
the· 19th century. On .the continent, Hose (10), 18o4, mentions leaf 
curl and says that the yield was upheld by rogueing all affected plants. 

None of the other reports found by the writers added anything 
new to the ideas already presented. Late blight came into the British 
Isles probably between 1830 and 1840 (II), and. immediately caused 
serious losses. . Some writers, as Thompson ( 34), · apparently confused 
curl and late blight, but the literature on potato diseases after 1840 
for the most part clearly referred to late blight, altho curl undoubtedly 
persisted as a more or less important trouble in England and elsewhere. 

SYMPTOMS OF MOSAIC 

The . symptoms of mosaic, particularly as found in Minnesota, are 
as follows: The leaves of affected plants are commonly characterized 
by a mottling due to the presence of light and dark green areas dis
tributed so as to give the well-known mosaic appearance. The mottling 
occurs on any part of the leaf and the individual light or dark green 
areas vary greatly in size and shape. All gradations in intensity of 
mottling can be found, and often, especially later in the season, these 
symptoms may not be evident. The leaf symptoms may or may not be 
accompanied by a dwarfed or stunted condition of the plant. Jn more 
severe cases, where dwarfing is: ~mmon, the leaves are practically 
always curled and crinkled in a m~nher typical of this disease. The 
curling ·is usually downward toward the under surface, and the curled 
leaves usually turn brown and dry much earlier than leaves of healthy 
or less severely affected plants. In fact;~'the lower part of the plant 
is often. entirely defoliated in severe cases of mosaic dwarf in Min
nesota. Potato plants affected with mosaic yield much less than healthy 
plants. The tubeis are both smaller and fewer in number, the yield 

. being reduced in some plants to a few small tubers. The decrease in 
yield is usually in direct proportion to the severity of the symptoms as 
manifested by the parts of the plant above ground. 
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Leaf roll also has been observed in Minnesota, but it appar.ently 
1s not serious and should not be confused with mosaic. . In contrast 
to mosaic the lower leaves of plants affected with leaf roll usually 
curl upward along the midrib. This upward rolling or curling may 
be decidedly pronounced or very inconspicuous. Affected leaves are 
tigid, crisp, and brittle, breaking easily when bent between the fingers. 
As far as is known, leaf roll plays only a subordinate part in the 
running-out of potatoes in Minnesota. 

Fig. 4. Same Plants as Shown in Figure 3, Fourteen Days Later, April 15, 1920 

CAUSE OF MOSAIC 

Potato mosaic is caused by what is known as "filterable virus." 
Diseases of this kind may often be spread from plant to plant by the 
injection of the sap of a diseased plant into the tissues of a healthy 
one. However, no living organism large enough to be seen even with 
the aid of the most powerful microscope, can be detected in such plant 
sap or virus. The passage of the virus through the finest porcelain 
filter will not affect its virulence, hence the term "filterable virus." 

Tobacco mosaic was . the first disease of this kind to be studied 
extensively. It was shown by Mayer (18), director of the experiment 
station at Wageningen, Holland, as early as 1886, that the disease was 
communicable by artificial inoculation with the sap of diseased plants. 
Mayer did not thoroly understand the nature of the disease, however, 
because he attributed it to bacteria which he could not isolate. It 
remained for the more exhaustive work of Woods ( 38), Clinton ( 4), 
and Allard ( r) to demonstrate clearly the nature of the cause. 

Since tobacco and the potato are closely related, it was not unreason
able to suppose that "mosaic" and "curly dwarf" of the potato were 
similar in nature to mosaic of tobacco [Melchers (19), Murphy (25), 
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Orton ( 26), and Wortley (39)]. This was not clearly shown, however, 
until 1919, when Schultz, Folsom, Hildebrandt, and Hawkins (30) and 
Schultz and Folsom (31) publii'hed the results of their extensive 
investigations. Among other things they showed that potato mosaic 
can be transmitted by fransferring juice from a diseased to a healthy 
plant, and that at least two species of aphids can transmit the disease 
whether they are transferred artificially or are dispersed naturally. 
It was also demonstrated that grafting a healthy cion on a diseased. 
stock or a diseased cion on a healthy stock resulted in an infection 
of the original healthy cion or stock. They also verified the fact 
which had been previously demonstrated by Orton (26), Wortley (39), 
Stewart (33), Melhus (20), and Murphy (25), that the disease is 
readily carried over in the tubers from affected plants. 

The data presented in this bulletin on mosaic dwarf verify to a large 
extent the work o'f Schultz and his collaborators on mosaic, and furnish 
evidence that mosaic dwarf has been largely responsible for the running
out of seed stocks in Minnesota. Experiments are also described which . 
indicate the possibility of a practical means of controlling the disease. 

PRELIMINARY EXPERIMENTS WITH MOSAIC DWARF 

Preliminary experiments to determine something of ~the nature of 
the disorder which was causing seed stocks to run out were begun by 
Kohler in 19II. As reported by Wellington (35) thesg experiments 
indicated that the disorder was quite markedly affected by environmental 
conditions. In 1914 a series of experiments outlined by Wellington 
was begun that was designed to ascertain the part played by environ
mental factors in the spread and development o_f the disease. These 
tests were expanded in subsequent years. Several of these experiments, 
which have a direct bearing on the transmission of mosaic dwarf, will 
be referred to later in this report. 

PERPETUATION OF MOSAIC DWARF THROUGH SEED 
TUBERS 

The perpetuation of mosaic disease in potatoes by means of the 
seed tuber has been observed repeatedly. Hill selection work at Uni
versity Farm in 1913, 1914, and 1915 furnished additional evidence 
that mosaic dwarf is carried over from year to year in the tubers £rom 
diseased plants. In observations made on 3,614 hills of Early Ohio 
and 3,098 of Rural New Yorker, no cases were noted in which the 
tubers from diseased plants produced healthy hills. On the other hand, 
tubers from a large number of supposedly healthy plants produced 
diseased plants. By· the third season all the progeny from the original 
selections produced only diseased plants. It was apparent that infl!ction 
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from diseased to healthy plants had taken place, and that after a plant 
had become infected it transmitted the disease through its tubers to 
its progeny. 

Fig. 5. Plants Grown from Two Halves of Same Tuber 

A diseased don was grafted on plant at left. The graft was unsuccessful. The effect pro· 
duced by the sap of the diseased plant coming in contact' with the cut tissue of the healthy plant 
is shown. Photo. seven weeks after attempted graft, April 15, 192I. • 

TRANSMISSION OF MOSAIC DWARF FROM PLANT 

TO PLANT 

BY INOCULATION 

Schultz, Folsom, Hildebrandt, and Hawkins (30), and Schultz 
and Folsom (31) were able, by a transfer of the plant juice, to transmit 
mosaic disease of potatoes from diseased to healthy plants. As the 
symptoms exhibited in the deterioration of seed stocks at University 
Farm· usually more nearly approached the characteristics designated 
as mosaic dwarf, and as this disease has sometimes been referred to as 

. physiological, it was deemed advisable to repeat these experiments in 
order to ascertain with certainty whether this running-out at University 
Farm could be considered as belonging to the same category as running
out elsewhere. 

Plants of the Green Mountain variety were grown in boxes 14 inches 
square and 14 inches deep. Each of six tubers planted was divided 
into two pieces, and each piece was planted in a separate box. Of 
the resulting plants, growing in separate boxes, that from one half of 
each tuber was held as a control. This plan was followed i~ all the 
experiments prrformed in the greenhouse. 

Inoculation was effected by bruising the stems and leaves and rub
bing into fhem the unfiltered plant juice of diseased plants. The plants 
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were free of insects at all times, and no fumigation was necessary. 
The seed pieces were planted January 8, 1920, and the plants inoculated 
February 25. In each of the six potatoes treated the inocufated plants 
produced mosaic dwarf foliage and the uninoculated plants remained 
healthy. 

The plants were observed daily in this experiment, and thirty-three 
days elapsed before symptoms of the disease could be detected with 
certainty. The greenhouse temperature during this period ranged 
between 62 degrees F. at night and 66 to 70 during the day. A distinct 
mottling developed on the new foliage; the leaves became corrugated. 
owing to the shortening of fibro-vascular tissue which later caused 
thc:m to become considerably curled while the stem remained ~warfed. 
(See Figs. 3 and 4.) The foliage that had developed before inoculation 
or immediately after, appeared normal until from IO to 15 days after 
mosaic symptoms had been noted on the terminal leaves, when the lower 
lea;es began to withe;and dry and finally fell from the plant. 

BY GRAFTING 

Studies were made with another »eries of plants of Green Mountain 
variety on the transmission of the disease by grafting diseased eions 
on healthy stock :ind healthy cions on diseased stock.. The cleft graft 
was used and gave very satisfactory results. The diseased cions in
fected the healthy stock and new leaves or shoots arising from them 
showed symptoms of disease similar to that of the diseased cion. In-

' fection occurr.ed even when the graft was unsuccessful. (See Fig. 5.) 
Similarly, when healthy cions were grafted on diseased stalks the new 
growth on the cions showed symptoms of mosaic. 

When half-tubers from diseased plants and half-tubers from healthy 
plants were grafted together, the disease was transmitted to the plant 
which grew from the healthy half-tubers. A union similar to that be
tween cion and stalk occurs between the two united half-tubers: All 
eyes on the diseased half-tuber of the graft were removed to insure 
that all stalks should grow from the healthy one. The condition of 
plants from the grafted half-tubers was checked with that of the plant 
from the control half-tubers, which were planted separately. The 
tubers were grafted and plaeed in sand thirty days before planting. 
The plants appeared above ground seven days after planting. Those 
from the healthy part of the grafted half-tubers appeared healthy the 
first week, while the plant from the diseased control half-tuber showed 
indications of mosaic. The second week the disease could be detected 
on the plants from the healthy half of the grafted tubers, and two 
weeks later they exhibited a typical mosaic dwarf condition. (See 
Fig. 6.) The plant from the healthy control half-tuber remained 
healthy throughout. 
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The observation made on the transmission of the disease by grafting 
confirmed the conclusions arrived at in the transmission of the disease 
by transferrence of plant juices, i.e., that the disease is transmitted 
from diseased to healthy plants through the plant juices, the symptoms 
appearing on the foliage of the new shoots. 

Fig. 6. Transmission of Disease Through Tuber Grafting 

Plant at left from healthy half tuber. Plant at right from diseased half tuber. Plant 
in center from graft of remaining halves of each. Plants are from healthy half, as eyes were 
removed from diseased half. Photo. June 8, r920. 

The infectious character of potato mosaic and the ability to transmit 
it to the tomato were demonstrated by grafting a healthy cion of the 
tomato on a diseased potato stalk. (See Fig. 7.) The tomato cion 
became disccased, whereas the parent plant remained healthy .. The 
symptoms, however, were not altogether similar to those commonly 
found in tomato mosaic. The relationship of mosaic diseases of mem
bers of the Solanaceae is furthccr supported by observations in the field 
in 1919. Wild nightshade (Solanum nigrum) plants growing in a field 
with mosaic tomato plants became affected with mosaic; all those 
found elsewhere appeared to be hccalthy. 

THROUGH THE SOIL 

In the studies on the transmission of mosaic dwarf, infection never 
was observed except after the juice from a diseased plant was trans
ferred to a healthy plant. Close proximity of diseased and healthy· 
seed pieces in the soil had no effect on the plants grown from the 
healthy seed pieces. This condition was obtained in the experiments 
on the transmission of the disease by tuber grafting. In those cases 
where the cells of diseased and healthy half-tubers failed to unite, 
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the plant ansmg from the healthy half-tubers remained free of the 
disease tho it was in physical contact with the diseased half-tuber. The 
following experiment further indicates that the disease is probably 
not transmitted through the soil from diseased to healthy plants during 

Fig. 7. Healthy Tomato Cion Grafted on Mosaic Dwarf Potato Stock 

Note mottled condition of leaves. Photo. May 18, 1920. 

the growing season. Healthy and diseased plants were grown in the 
boxes ( 14 inches square and 14 inches deep) shown in Figures 8 and 9. 
The plants were grown in the greenhouse and were free. of insects at 
all times. The roots of the diseased and healthy plants in the same 
box intermii;lgled and in the later stage of growth the foliage of the 
two plants came in contact. The healthy plants remained normal 
throughout their growth and showed no symptoms of infection. A test 
of the progeny of the healthy plants in the field gave all normal and 
healthy plants, free of the disease. 

BY HARBORING lN THE SOIL 

After it became evident that apparently the virus of mosaic dwarf 
was not diffusing through the soil, two experiments were begun to de
termine whether the virus could live in the soil. Halves of the healthy 
tubers· were planted in boxes in soil in which diseased plants previously 
bad grown. When the diseased plants were harvested no effort was 
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made to remove the roots from the soil. The control half-tubers were 
grown in steam-sterilized soil and boxes. The second experiment was 
identical with the first except that the haulm of the ·diseased plant was 
buried in the soil in which it had grown before planting the healthy 
half-tubers. The control half-tubers were again grown as in the pre
vious experiment. All these plants remained apparently free of the 

Fig. 8. Testing Transmission of Disease Through Soil 

Plant on left healthy; plant on right diseased. Photo. February 23, 1920. 

Fig. 9. Difference in Growth Between Healthy and Diseased Plants 

Plants in box oh left are the same as in Fig. 8. No evidence of transmission thro~ 
the soil was obtained. Photo. April 23, 15120. 
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disease during their growth period, but since the progeny of these ex
periments have not yet been tested, it can not be stated with certainty 
that no infection occurred. 

SPREAD OF MOSAIC DWARF IN THE FIELD 
EFFECT OF EXCLUDING INSECTS 

Since 1917 an experiment has been in progress to determine the 
effect of insect cages on preventing the spread of mosaic dwarf. The 
seed stock used in this experiment was obtained from the North Central 
Experiment Station, Grand Rapids, Minnesota. Each year stock was · 
obtained from Grand Rapids from the same original stock and used 
as a check in the experiment. Healthy plants of the Green Mol!ntain 
variety and in the succeeding year their progeny were enclosed with a 
cheese-cloth covering from July 5 to the time of harvesting, each year 
for four successive seasons. The cheese-cloth was supported on a 
wooden frame 4 feet high, 12 feet wide, and 36 feet long. (See Fig. 
rn:) The progeny of the plants enclosed by cheese-cloth and of those 

Fig. 10. Cheese-Cloth Cages for Enclosing Plants 

These cages were used from 1917 to 1920, inclusive. Photo. Aug. 7, 1920. 

grown in the open were tested in the open in comparison with healthy 
seed stock. The results for three seasons are shown in Figure l I. 

It will be noted that the productivity of the seed stock of the plants 
from which insects were excluded was in each of the three y_ears equal 
to the check, while. the productivity of the same seed stock when grown 
in the open for one year dropped thirty-three bushels below that of 
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the check. Practically no potatoes were produced the second year. 
The rapid decline in yield of the plants grown in the open is further 
shown by the yield o_f the enClosed seed stock after growing in the 
open one season. In 1919 another cage similar to that shown at the 
top in Figure IO, except that the north side was left open, was placed 
beside the completely enclosed cage. Both cages were placed over the 
plants on the same date and covered plants of the same rows. In 
1920 the progeny of the plants grown under the partially enclosed 
cage contained 20.4 per cent of plants affected with mosaic dwarf, while 
the progeny of the plants grown under the completely enclosed cage, 
were wholly free from the disease. 

1916 1917 1918 1~19 1920 

Check 252 205 272 206 

!6S.4 
ENCLOSED 

281-4 
CNCLOSED 

12 I 220 
ENC LO.SEO OPEN 

1.34 285" 
eNCL05eD OPCN 

223 79.2 
OPEN OPEN 

SE~D FROM 1916 179 
liEAL TttY STOCH OPeN 

252 696 
OPEN OPEN 

172 
OPeN 

1.5 
OPeN 

Fig. II. Effect on Yield of Progeny, of Excluding Insects by Method Shown in Fig. 10 

The fact that the plants and their progeny from which insects were 
excluded were free from mosaic dwarf while adjacent plants grown in 
the open were quickly affected, supports the evidence obtained in the 
greenhouse that mosaic dwarf probably does not spread from diseased 
to healthy plants through the soil. The disease was evidently spread 
by means of aphids or other insects which had not become common on 
the plants before July 5, and which subsequently did not have a chance 
to carry the infection to the plants under the cheese-cloth cages. 

DISTANCE OF SPREAD 

Two separate experiments, performed in 1918 and 1919, illustrate 
the spread of mosaic dwarf in the field at University Farm. A lot 
of seed was obtained in the spring of 1918 from Dr. G. H. Coons, of 
Michigan. Part of this lot was planted near other plots on which 
mosaic dwarf plants were grown. Another part was planted in an 
isolated place where no potatoes from diseased stock were being grown 
within twenty-five rods. The progenies of these two lots were brought 



Fig. 12. Effect of Isolation on Spread of Mosaic Dwarf 

Two rows at right were grown from seed stock which was grown among infected plants 
in 1918. Two rows at left were from the same original stock but grown in an isolated plot in 
1919. Photo. July, 1919. 
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together in 1919. The two rows at the right in Figure 12 were planted 
from the plot growing adjacent to diseased plants in 1918, and the two 
rows at the left in the same figure were planted from the isolated plots. 
The yield from the seed tubers of plants grown adjacent to diseased 
plants in 1918 was less than one half of the yield from seed tubers 
grown in an isolated plot in 1918 ( 15.Yz pounds and 33 pounds re
spectively or 62 and 135 bushels per acre). (See Fig. 13.) 

Similar results were obtained in the spring of 1918 in a second 
experiment with a disease-free lot of Green Mountain potatoes obtained 
from the sub.station at Grand Rapids. · The progeny of the plants grown 
in 1918 in an isolated plot at University Farm yielded 203.5 bushels per 
acre in 1919, while the progeny of the same stock grown in 1918 in a 
row which was adjacent to a diseased row yielded 67 bushels per acre. 
In both instances the soil had never before grown potatoes. This 
indicates, as do other results given, that healthy stock at University 
Farm becomes in.fected with mosaic dwarf from diseased neighboring 
plants grown from infected seed stock. . 

Fig. 13. Effect of Isolated Seed Plot on Yield 

Tubers at left were from seed stock of plants grown among infected plants in 1918. 
Those at right were from the same stock grown in an isolated seed plot in 1918. Photo. 1919. 

The spread of mosaic dwarf from a diseased row to adjacent healthy 
rows is illustrated by an experiment, the results of which are given in 
Table I. The rows were 3 feet apart and were 4 rods long. The 
position of the rows in the field in 1918 is also shown in Table I. In 
1919 the progenies were grown under comparable conditions in the same 
plot but not adjacent to each·other. 

TABLE I 

INFLUENCE OF DISTANCE FROM DISEASED PLANTS ON AMOUNT OF INFECTION AS INDICATED 

BY YIELD 

Position of rows 
1918 

1. Green Mountain .............. .. 
2. Rural New Yorker ............ . 
3. Irish Cobbler ................ .. 
4. Rural New Yorker ............ . 
5. Green Mountain .............. .. 

Condition of seed stock 
1917 

Healthy .............• 
Healthy ...•....•••... 
Healthy ............. . 
Mosaic dwarf ........ . 
Healthy ............. . 

Bushels per acre 
1918 1919 

150:4 
139.4 
174.2 

12.8 
172.3 

232.8 
158.6 
41.7 

66.g 
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The yield for 1918 shows that infection of healthy stock from 
diseased neighboring plants occurs too late to have a noticeable effect 
on the yield in the same season. The yield for 1919 indicates the 
amount of infection that occurred in 1918. It will be noted that the 
rows which were adjacent to the diseased row in 1918 had become 
very severely infected as shown by their decreased yield in 1919; 
while the third row, nine feet from the diseased row in 1918, gave but 
a slightly decreased yield in 1919. 

INFLUENCE OF ENVIRONMENT 

It has generally been thought that los.s of vigor in varieties of 
potatoes could be restored by growing the seed stock ·for several years 
in a more · favorable environment. Macoun ( 17) reports that seed 
stock of potato varieties which had declined in vigor at Ottawa, On
tario, were restored to their original productiveness after having. been 
grown several years under the mort: favorable conditions at the Cana
dian substations. Very similar results were obtained from some studies 
on the rejuvenation of seed stock which were· carried on cooperatively 

. in Mim;ie~.ota by the Central station;- at· St. Paul, ·and the substations 
at Duluth, Grand Rapids, and Crookston. The interchange of seed 
stock has been practiced since 1914. The results of six years' work 
are)!.l_J;;1strated in. Figures 14 to 18 inclusive. The influence of seasonal 
con.di1:ions on the yield of potatoes during the progress of the experi
mep.t has tended somewhat to obscure the results. The actual yield 
of rows 4 rods long calculated to bushels per acre, is given. Corrections 
for fluctuations in yield due to seasonal variations were not made. 

1914 1915 1916 19/l 1918 1919 

C1¥<A 198 .302 47 252 205 272 

.3./ 
UNIV. FAR":f 

80.2 
UN/I< FARM 

170 
UNIV. FARM 

NO R£COllO TA~£N 

.OUi.UTH 

186 . .3 21.I 
UNIV: FARM UNIV. FARM 

121.0 29 . .3 
GRAND RAPIDS GRAND RAPIDS 

524 .3.7 
(#i'ANIJ RAPIDS GRANO RAP/OS .,..,,8 89.8 

CROOHSTOlll VIVtv.FARM 

l.B.2 
UNIV. FARM 

Fig. 14. Effect of Environment on Spread of Mosaic Dwarf as Indicated by Yield of 
Gold Coin Potatoes 

Note the decline in yield of progeny of stock grown at University Farm, and Jack of 
'decline of progeny of stock grown at Grand Rapids. Yield at University Farm of healthy 
Green Monntain stock renewed each year given as check. 
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1917 1918 1919 

252 20S 2 72 

S8.6 
l/IVIV. FARM 

14.7 
VNIV. FARM 

7.3 
t/N/V. FARM 

///_8 36.6 

l/NJV, FARM \~=-02"'3';;-.I==-'/ IJRANO RAP/OS 

6RANO RAPJP.5 

Fig. 1 s. Effect of Environment on Spread of Mosaic Dwarf as Indicated by Yield of 
Peerless Junior Potatoes 

Note decline in yield of progeny of stock grown at University Farm and lack of decline 
of progeny of stock grown at Grand Rapids. Yield at University Farm of healthy Green 
Mountain stock renewed each year given as check. 

A comparison with the actual yield of check rows, at University Farm, 
will indicate sufficiently the favorableness or unfavorableness of the 
season. A careful survey of the diagrams will show that after par
tially diseased lots were transferred to the substations, there was usually 
no furthttr decline in yield. In some instances there was a gradual 
increase in yield each year while the variety was grown at the sub
stations, as can be noted in certain lots of Minnesota No. 2 (see Fig. 
I7) and of Burbank (see Fig. IS). 

19/S 1916 1917 1918 1919 
1914 

252 205 272 
,,hec/r. 198 .302' 47 

47.2 
UNIV. FARM 

11.3 73 

UNIV FARM VJV/V. FARM 

73 NO PorArOE~ 
NO YIELD 1'AHEH 

VIVIV. FARM GRANO RAP/PS 
OULl.ITH 

4SS S6 
167S 

UNIV.: FARM 
6RAND RAP/PS 

f.JIVIV FARM 
.JJ.2 

UNIV. FARM 
NO PorArOES 

S4.8 GRANO RAP/PS 
GRANO RAP/OS 

.3.8 
489 

f.iRAIVO RAPtPS 
UNIV. F"ARM 

.36.7 
l/NJV_' FARM 

Fig. 16. Effect of Environment on Spread of Mosaic Dwarf as Indicated by Yield of 
Early Ohio Potatoes 

Note failure of badly diseased stock to reproduce itself at Grand Rapids. Yield at 
University Farm of healthy Green Mountain stock renewed each year given as check. 



191.3 1914 191S 

Cl!eclr .302 

167 Bu.. 196 t3u. I 69 8u.. 
UNIV. FARM UNIV FARM UNIV FARM 

199 Bu.. 
GRA/VD RAPIDS 

1916 

47 

22 8u.. 
UNIV. FARM 

160 8u. 
DULUTti 

61 Bu.. 
GRAND RAPIDS 

.5'6 8u.. 

CROOKSTON 

100 8u.. 
UNIV. FARM' 

1917 

252 

79 8u. 
UNIV. FARM 

170 Bu.. 
DULUTtf 

180 eju. 
UNIV FARM 

199Bu. 
GRAND RAPIDS 

141 B ..... 
UNIV. FARM 

108 Bu.. 
UNIV. FARM 

143 Bu.. 
UNIV. FARM 

1918 

20S 

42 Bu.. 
UNIV. FARM 

249 Bu.. 
UNIV. FARM 

.300 Bu. 
GRAND RAPIDS 

40 Bu.. 
UNIV. FARM 

27Bu. 
UNIV FARM 

24.3 Bu. 
UNIV. FARM 

-311 8u. 
GRAND RAPIDS 

42 Bu. 

LINIV. FARM 

49 Bu.. 
UNIV. FARM 

1919 

272 

1..3 8u.. 

UNIV. FARM 

..JI 8u.. 
UNIV. FARM 

102 Bu. 
LINIV. FARM 

146 Bu 
DULUTlf 

26 8u. 
UNIV. FARM 

96Bu. 
UNIV FARM 

205 Bu. 
GRAND RAPIDS 

Fig. 17. Effect of Environment on Spread of Mosaic Dwarf as Indicated by Yield of Minnesota No. a. Potatoes 

Note continuous decline in yield of progeny of stock grown at University Farm, and increased yield of progeny of stock grewn at Duluth, Grand Rapids, and 
Crookston. Yield at University Farm of healthy Green Mountain stock r-enewed each year given as check. 
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In order to ascertain whether the progeny of diseased plants actually 
were free from mosaic, severely affected lots of some of the stock were 
grown at Grand Rapids in 1918 and 1919. The results show the 
behavior of mosaic dwarf plants in a region where growth conditions 
for the potato plant are more favorable than at University Farm. 

4 

5 
6 

7 
8 

9 

TABLE II 

YIELD PER ACRE OF-- HEALTHY AND DISEASED STOCK AT GRAND RAPIDS 

Variety 
-----·I 

Green Mountain (healthy stock) . . . . . . . . . . . . . . . . . . . . . . . ' 
Gold Coin (mosaic dwarf) ............................ . 
Peerless Junior (mosaic dwarf) ....................... . 
Burbank (mosaic dwarf) ............................. . 
Burbank (mosaic dwarf) .•............................ 
Burbank (mpsaic dwarf) ..........•...............•... 
Early Ohio (mosaic dwarf) ........................... . 
Early Ohio (mosaic dwarf) ........................... . 
Early Ohio (mosaic dwarf) ........••.............•...• 

1914 1915 1916 1917 

Bushels per acre 
1918 I 1919 

s 1 o I ----:;--
4 29 

23 37 
15 17 
16 42 
8 II 

II 0 

6 0 

4 0 

1918 1919 

C/Jeclr 198 .302 47 252 205 272 

.3.66 
UIV!V. FARM 

10954 
UNIV. FARM 

73.3 //_ 0 
IJNJV. FARM U/Y/V !'"ARM 

119 15 18.33 
UNIV FARM U.N!V FARM 

3701 126.5 
UNIV FARM VN/V FARM 

!VO YIELD TAl'f£N .92 
£J(./LUTl1 

226 IS 154-43 I 6.66 
UNIV FARM DULUTl1 UNIV. FARM 

4-03.8 
GRANO RAPILJS 

18.4 '309.8 
UNIV. FARM 6RAND RAPtDS 

6708 8616 11.0 
GRANO RAP/PS t/NIV. FARM RAND RAP/.OS 

64.16 75 
UNIV FARM Gl?ANt) RAP/.0.5 

84.4-
VN!V FARM 

242.75 .'36 
GRANO RAPl{)S UNIV. FARM 

II 7. 6 
l/N!VFARM 

Fig. 18. Eff~ct of Environment on Spread of Mosaic Dwarf as Indicated by Yield of 
Burbank Potatoes 

Note continuous decline in yield of progeny of stock grown at University Farm and in
crease in yield of progeny of stock grown at Duluth and at Grand Rapids. Yield at University 
Farm of healthy Green Mountain stock renewed each year given as check. 

·A few of the diseased lots yielded a little more the second season. 
while from other di;;eased lots no crop was secured. The slight increase 
in yield in some of the lots can not be regarded as significant, as the 
highest yield was less than ten per cent of a normal crop, as is indicated 
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by checks, and no tubers of marketable size were produced. Observa
tions made on the plants in the field in both seasons also showed that 
no noticeable improvement was taking place. The seasons of 1918 
and 1919 were very favorable to the growth of potatoes at Grand 
Rapids, as is shown by the checks. The behavior of the diseased 
plants in this experiment seems to indicate that the improvement in 
previous years probably was not caused by actual rejuvenation of the 
diseased plants, but more likely through their elimination, either by 
their failure to produce tubers, or by_ producing tubers of such small 
size that ·they were naturally discarded in saving seed stock. Altho 
a similar elimination of the progeny of mosaic dwarf plants occurred 
at University Farm, the development of the disease and its spread to 
healthy plants was apparently so rapid as to prevent its elimination 
in this manner: 

ABSENCE OF IMMUNITY TO MOSAIC DWARF 
VARIETIES 

The possibility of securing varieties resistant to mosaic dwarf is · 
receiving considerable attention from investigators. The records of 
the performance of varieties grown at University Farm indicate that 
there is but slight possibility of finding a disease-resistant variety. 
Porter (27), in 1886, reported that 325 American and 40 European 
varieties were being tested. In the following year Porter (28) again 
reported that 370 varieties o_f potatoes, embracing .all that were of 
value in this country and in Europe, were being tested. In both years 
the rapid decline in vigor of varieties is commented upon. Green (5), 
in 1889, stated that it was impossible to maintain most varieties of 
potatoes. Over 150 varieties are reported to have been discarded at 
this time: The weakness in vigor of European varieties is especially 
mentioned. Since_ these were imported directly from Europe during 
the four years from 1883 to 1886, inclusive, it is probable that mosaic 
disease was introduced at that time. In 1895 Green (6) made the 
following statement : "Repeated experiments made on a large scale 
and with many kinds show that all varieties of potatoes rapidly deter~or
ate in yield, size of tubers, and vigor, when planted continuously at 
University Farm." 

Since 1895, 325 named varieties, embracing 681 separate seed lots, 
have been grown. The performance record of these varieties shows 
that when once the varietal stock became affected, as indicateP. by a 
decline from the normal yield, it required at the most but two or three 
years for the stock to deteriorate completely. Lists of varieties pur
porting to show relative degrees of susceptibility to mosaic are to be 
found in the literature. At University Farm certain varieties have • 
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maintained thfir productivity longer than others.. There was, however, 
a greater difference in this respect between seed stocks of the same 
variety than between varieties themselves. As all seed stocks become 
infected sooner or later, the difference in length of time required for 
this infection to occur quite evidently depended on the proximity of 
plants to diseased plants and did not necessarily indicate any difference 
in inherent resistance between seed stocks. 

STRAINS 

Selection of seed stock was the first method employed in trying 
to prevent the running-out. In 1896 Green (7) reported that with 
the utmost care in saving potato seed stock grown at University Farm 
the yield would begin to decline after the second or third year. Kohler 
(r5), in 1909, stated that selection of tubers for planting from the 
general stock was not sufficient to maintain a high-yielding strain. 
From 1909 to 1913 mass-tuber and hill selection were 'undertaken with 
a large number of varieties. The hills in the field were selected for 
vigor and freedom from disease, while small, abnormal, and diseased 
tubers were eliminated by bin selection. · This selection had no ap
preciable effect in retarding the decline in productiveness o.f varieties. 
Under the conditions which prevailed at University Farm, where 
mosaic dwarf was prevalent to such a degree that two or three years 
was long enough to cause complete deterioration of the seed stock, 
this method of mass-hill and mas~-tuber selection would have proved 
the most efficient method of isolating a disease-resistant strain in a 
variety, if such a strain existed. Later, in 1914, 1915, and 1916, indi
vidual hill selection was practiced on quite an extensive i'cale with 
Rural New Yorker and Early Ohio. The result of this work has been 
reported in a paper by Wellington ( 36) in which he points out the 
uselessness of hill selection under conditions where rapid degeneration 
or running-out is prevalent. Selection was practiced for more than 
twenty years in order to maintain the yield of seed stocks, and all the 
important commercial varieties grown in this country were included. 
The failure to isolate a resistant strain during this period suggests that 
if such strains exist within varieties, they probably are oot very 
numerous. 

PREVENTION OF MOSAIC 

The experimental evidence already given suggests a practical method 
for the c.ontrol of mosaic disease. As there was no apparent spread 
of the disease from diseased plants to healthy plants through the soil, 
and as no infection could be detected on healthy plants when grown 
in soil containing diseased tubers, roots, and haulms of diseased plants, 
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it would seem that the spread of virus occurs between the above-ground 
parts of the plant. In the greenhouse the disease did not spread 
from diseased to healthy plants even when the foliage of these plants 
came in contact. These facts would lead us to conclude that insects 
were probably the sole means by which the disease is spread. The 
results of four years' work in protecting plants by the use of insect
proof cages show that the insects that act as carriers do not ma~e their 

·appearance in any number before July 5. This would apparently_ 
exclude insects with biting mouth parts, such as the Colorado potato 
beetle and the potato flea beetle, which are quite prevalent before July 
5, but would include ~he 'sucking insects, such as plant lice and leaf
hoppers, which apparently were not present in the fields until some 
time after July 5. Rogueing out all diseased plants in a seed plot, 
thereby eliminating the virus, would probably be as effective a method 
for protecting healthy seed stoc~ as excluding the insect carriers from 
healthy plants by means of insect-proof cages. As the symptoms of 
mosaic may not appear on all va.rieties in certain regions, it would be 
advisable to rogue out all weak plants as well as those that were notice
ably affected with the disease. It would further seem desirable to have 
the seed plot separated from the general field in order to lessen the dan
. ger of infection from this source. 

SUMMARY 

I. Probably the most 'important factor in the running-out of pota
toes in Minnesota is the mosaic disease. The term "mosaic dwarf" 
has been used to designate the more severe symptoms of mosaic. Much, 
if not all, of the so-called curly dwarf in Minnesota probably is caused 
by mosaic. 

II. Mosaic is apparently not a new disease of potatoes. The con
dition "curl" frequently discussed in the older literature, probably for 
the most part referred to what is known today as mosaic. 

III .. Mosaic was probably introduced into this country through the 
importation of varieties. This seems to have been the case at Uni
versity Farm. 

IV. Mosaic dwarf is perpetuated from year to year by planting 
tubers from diseased plants. It can be transmitted artificially by 
transferring the juice of diseased plants to healthy plants, by grafting 
a. portion of a diseased 'plant on a healthy plant, and by grafting a 
diseased tuber on a healthy tuber. 

V. The virus did not spread through the soil when healthy and dis
eased plants were grown side by side in the same box and their roots 
allowed to intermingle. Field experiments with insect cages further 
indicate that infection does not ?<=cur through the soil. Healthy plants 
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did not become infected when in soil which previously grew diseased 
plants, even when the s.oil contained the refuse of the diseased plants. 

VI. Infection of healthy plants in the field has been prevented by 
excluding from the plants insects which appear later than July 5. 
Healthy plants grown in plots some distance from diseased plants did 
not become infected. 

VII. Environmental conditions have a considerable influence on the 
spread and development of mosaic in Minnesota. 

VIII. During the last thirty-four years all named varieties of any 
commercial importance found in the United States and a large number 
of foreign varieties have been tested. No varieties have been found 
to be immune from mosaic dwarf. Selections failed to isolate resistant 
strains within varieties. 

IX. It may be possible to control mosaic by growing ·disease-free 
seed stock in a plot isolated from possible sources of infection. The 
disease may be eliminated by growing an isolated seed plot in which all 
diseased plants are rogued out before sucking insects appear on the 
plants. 
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