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STUDIES OF HEALTH 
IN POTATOES

B y  C. L. FITCH

In July and August of 1911 it became apparent that every 
potato plant in the fields attacked, and nearly every field in two of 
the great potato-producing regions of Colorado-, had been crippled 
by the leaf-roll disease. One of these regions was on the plains and 
subject to very warm and continuous sunshine. The growers of the 
other district had been purchasing- most of their seed potatoes from 
the first region and their potato fields were subject to considerable 
soakage, due to their system of irrigating by filling the subsoil with 
water to such a level that the. roots were supplied with moisture by 
capilarity. A t the same time the crops of potatoes on the mountain 
mesas throughout the State, even when grown from the same seed, 
were excellent.

The growers in the first region, the Greeley district, had been 
unable for years to grow- their own seed potatoes for more than one 
or two propagations and had drawn upon unirrigated regions for 
their foundation seed supply. For a considerable number of years 
it had been increasingly difficult to produce tubers of the most desir
able shape. W hile formerly, the second crop of potatoes had been 
the better because of the improved condition of the soil, at this time 
the second crop had become very much poorer in quality and less in 
quantity, and that, in spite of increasing average yields of grain upon 
the same fields.

In the second region, the San Luis Valley, seed stocks had been 
maintained more easily, but better results had been secured from 

— small whole potatoes such as were readily obtained from the Greeley 
>' district, and of late years the Valley had used such seed for most of 

its potato fields.
A  careful study, at the weather bureau in Denver, of the tem

peratures throughout the year, and other years, for the stations 
nearest to afflicted and to healthy potato regions, and of the rainfall, 
lead to the belief that the factors controlling the appearance of the 
leaf-roll disease "were none other than soil-heat and soakage. Where 
the fields had been unusually warm and wet the disease had com e; 
where the soil had been cool and not over-wet the plants had 
been healthy.

A  careful field study of potato roots during midsummer re
vealed the fact that in the warmer regions the mots within six inches
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of the surface were badly diseased as compared to those deeper in 
the soil. This field study of roots was supplemented later by a 
study of the root cap and by a study of the potato leaf and its 
adaptation to an arid climate. It was decided later to study in detaii 
the effect of soil-temperature and soakage upon potato plants grown 
during the winter of 1911 and 1912 in the College greenhouse 
(Figure 1).

F igure  1.— Greenhouse experiment to determine effect o f  soil temperature and 
soakage upon the potato plant.

Careful study was given to the history and practices of the 
various potato-growing districts, and field evidence was secured 
which seems to the writer conclusive that the leaf-roll disease in 
Colorado had, in addition to these causes— soil-heat and soakage— a 
third cause, probably parasitic and in some way injurious and 
capable of distribution.

Out of these studies, and out of field studies made later over 
Iowa, an attempt is made in the summary to make somewhat clearer 
the essential conditions for health in potatoes and for permanency 
in potato production. More space is given to detailed reports of 
observation and experiments, but what may be called evidence-in-
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the-large is regarded as of most value. These studies will be pre
sented under the following heads :

I. Studies of soil temperatures.
II. Studies of potato roots and the potato leaf.

III. Greenhouse studies of the effect of various soil temper
atures and percentages of moisture upon potato plants.

IV. Field studies of heat and soakage, and temperatures of 
soil and of irrigation water.

V. History and practices of potato-growing districts.
VI. The hope and the great difficulty of attempting to secure 

disease-resistant potatoes.
V II. Summary of what we know of the conditions for potato 

health and permanent potato production.

I. ST U D IE S  OF SO IL T E M P E R A T U R E S .
It was desired to know whether soil temperatures vary greatly 

in different seasons. The Colorado Station at that time had no 
soil temperature records but we had recourse to the very complete 
records kept by the Nebraska Station, and selected for comparison 
with each other the temperatures at Lincoln for known good years 
and known years of poor production. Certain of these are sum
marized below :

M E A N  SOIL T E M P E R A T U R E S  A T  D IF F E R E N T  DEPTHS.
(Taken  at' the Agricu ltural Experiment Station, at Lincoln, Nebraska, fo r  May,
June, July, and August o f  1394 and 1901, dry hot years, and fo r  the same
months o f 1S97 and 1902, years o f average weather and good moisture supply.)

1 3 6 9 1 2 24 36
inch inches inches inches inches inches inches

1894
(D ry  year)

May ................. . 63.3 72.7 68.6 6 6 .S 64.7 59.2 59.0
June ............... . 73.4 40.1 75.6 73.7 71.5 65.7 62.6
July ............... . 86.9 37.6 32.2 80.0 77.9 72.5 68.8
August ............ . 88.7 39.2 S3.0 81.1 79.8 Vo. 3 72.2

1897
(Good year)

May ................. . 65.9 02.4 61.1 57.7 51.4 52.3
June ................ . 76.9 69.7 71.1 65.9 61.5 58.6
July ............... . 80.6 82.S 81.1 74.7 68.7 66.2
August ............ . S4.4 80.5 79.3 73.9 70.7 68.7

1901
(D ry  year)

May ................. . 76.3 75.4 71.6 6G.S 62.4 56.6 53.2
June ............... . 89.6 3S.5 S4.0 77.6 72.5 65.1 60.S
July ................. .107.3 10 2.2 95.3 87.3 SI.9 74.1 69.3
August ............ . 94.0 92.2 88.4 S2.3 78.4 73.7 70.9

1902
(Good year)

May ................. . 75.2 v 74.6 71.9 67.4 63.4 5 7.6 54.5
June ............... . 75.3 74.3 72.4 70.2 67.4 63.7 61.5
July ............... . 82.0 81.8 78.6 75.6 73.2 68.7 66 .1
August ............ . 79.1 79.3 77.8 74.8 73.1 70.8 68.9

The above records are sufficient to show that drouth is not the 
only injurious factor in the dry years but that soil temperature, may 
reach an injurious point in such years. If the temperature for July
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of 1901 and 1902 be compared, a great difference is seen. Those for 
1901 would be dangerous to all potato roots in the entire upper foot 
of soil.

Keen observers among the farmers at Greeley were of the 
opinion that the great injury to the potato crop in 1911 had come 
during the extreme heat of the month of June. On inquiry, Mr. 
M ax Mendelssohn, agricultural and chemical expert of the Great 
Western Sugar Company, told us that when he first came to the 
arid country from Germany, he had realized that a high soil temper
ature was one of the things to be contended with in beet sugar pro
duction. The writer was so fortunate as to secure from Mr. Men
delssohn’s associate, Mr. Asa C. Maxson, soil temperatures at Long
mont, close to the Greeley district, for 1911 and for the previous 
year, 1910, a favorable year for potatoes. These temperatures are 
given below and taken in connection with the Nebraska figures, show 
conclusively that the whole of the upper foot of soil may be as much 
as ten degrees warmer one year than another for the whole of the 
critical month of Tune, and that, as a matter of fact, such was the 
case in 1911 as compared to 1910. They show, also, that the cooler 
years, with more rain and cloudiness and less continuous and intense 
sunshine, are freer from the extremes of soil temperatures that do 
the injury. June is the month, in the Greeley district, when potato 
roots are growing rapidly in the upper foot of soil and when the 
leaves do not, as yet, afford much shade to the soil.

SOIL T E M P E R A T U R E S  A T  LONGMONT. COLORADO, 1910, T A K E N  BY
AS A  C. MAXSON.

A t  Tw o Inches A t Six Inches
Dates S A. M. o P. M. S A. M. 5 P. M.

Degrees F. Degrees F. Degrees F. Degrees F.
June 1............ .................. 61 SI 58 75
June 2............ 82 64 69
June 3............ .................. 41 50 50 63
June 4 ............ .................. 49 82 57 6S
June 5............ 71 57 66

June 6 ............ 69 51 64
June 7 ............ .................. 59 90 52 73
June 8 ............ .................. 72 87 61 76
June 9 ............ S6 54 77
June 1 0 ............ .................. 63 80 55 73
June 11............ .................. 5S 94 55 81
June 12............ .................. 60 74 59 68

June 13............ .................. 64 65 57 63
June 11............ 90 54 72
June 13............ .................. 70 S2 63 74

June 18............ .................. 69 69 64 68

June 17............ .................. 68 82 58 73

June 18............ .................. 71 99 64 85

June 19............ .................. 76 106 69 85
June 2 0 ............ .................. 70 90 66 80
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SOIL. T E M P E R A T U R E S  A T  LONGMONT, COLORADO, 1910— Continued.

A t  T w o  Inches A t  Six Inches
Dates 8 A. M. 5 P. M. 8 A. M. 5 P. M.

Degrees F. Degrees F. Degrees F. Degrees 1
June 2 1 ................. .............  70 91 67 S6

June 2 2 ................. .............  69 84 68 81
June 23................. ............ 7 3 92 os 63
June 24................. ............ 69 67 69 69
June 25................. 87 66 77
June 26................. .............  64 97 70 S5
June 27................. .............  67 91 64 SO
June 2S................. 82 66 81
June 29................. ............ 68 82 65 79
June 30................. ............ 59 77 G1 71

Averages  . . . ...........  <14 83 Ol 70

July 1 ................. 82 6 4 79
July 2 ................. .............  68 77 62 S4
July 3 ................. .............  66 84 67 81
July 4 ................. 7 •' 77 73 S2

July r, 7 3 77 68 77
July 6 ................. ............ 69 95 6 5 $6

July 7 ............... . 100 7 5 90
July 8 ................. .............  73 104 6S ss
July 9 ............... ..............  6S 7 2 69 70
July 1 0 ............... .............  6 4 81 64 76
July 1 1 ............... .............. 64 82 74 77
July 1 2 ............... .............  64 79 63 SO
July 1 3 ............... .............  63 75 63 76
July 1 4 ................. 108 68 $9
July 1 5 ............... .............  76 106 7 2 91
July 1 6 ................. .............  7 3 9 2 70 $6

July 1 7 ............... 7 1 0 1 7 3 SS
July 1 8 ............... 7 7 98 72 SS
July 1 9 ............... . . 79 8 6 77 $6
July 2 0 ............... 7:: 8 6 74 82
July 2 1 ............... 7 5 93 7 3 SS
July 2 2 ............... .............. 72 90 7 3 86
July 2 3 ............... .............. 75 106 7 5 95
July 2 4 ............... .............  72 97 76 93
July 2 5 ............... .............  72 105 73 93
July 2 6 ............... .............  72 99 7 3 94
July 2 7 ............... .............  83 77 77 S5
July 2 8 ............... ............59 68 73 77
July 2 9 ............... .............. 59 59 6S 68
July 3 0 ............... .............. 61 83 62 73
July 3 1 ............... .............  72 99 62 $2

Averages . . . ............ 71 88 70 83.5

August 1 ........... 90 70 85
August o 77 88 68 81
August 3 ........... 102 68 87
August 4 .......... ............ 68 5 9 68 72
August 5 ............ ............ 58 56 69 70
August 6 ............ ............ 61 86 62 ' 79
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SOIL T E M P E R A T U R E S  A T  LONGMONT. COLORADO, 1910— Continued.

A t  T w o Inches A t  Six Inches
Dates ■ 8 A. M. 5 P. M. S A. M. 5 P. M.

Degrees F. Degrees F. Degrees F. Degrees F,
August 7 ............ ............ 59 SI 59 75
August S ............ ............ 63 73 63 72
August 9 ............ ............ 54 S6 59 73
August 1 0 ............ ............ 63 77 59 77
August 1 1 ............ ............ 70 S2 68 75
August 1 2 ............ ............ 68 81 68 79
August 1 3 ............ ............ 68 SI 63 73
August 1 4 ............ ............ 64 86 59 73
August 1 5 ............ ............ 68 91 61 78
August 1C............. ............ 59 76 60 74
August 1 7 .........................  60 63 61 64
August 1 8 .........................  49 91 59 79
August 1 9 ............ ............ 6S S6 63 79
August 2 0 ........... .............. 75 S2 68 77
August 2 1 .......................... 79 88 63 79
August 2 2 ........... .............  7 5 88 68 72
August 2 3 ............ ............ 72 73 68 77
August 2 4 ............ ............ 64 68 64 75
August 2 5 .........................  52 75 58 70
August 2 6 .......... .............. 50 97 54 76
August 2 7 .........................  70 102 68 95
August 2 S ........... .............. 59 100 59 95
August 2 9 ........... .............. 61 93 70 97
August 3 0 ........... .............. 59 73 61 72
August 3 1 ........... .............  54 86 59 73

Averages . . .............. G4 S3 G4 78

SOIL T E M P E R A T U R E S A T  LONGMONT, COLORADO, 1911. T A K E N  BY
ASA  C. MAXSON.

A t  T w o Inches A t  Six Inches
Dates S A. M. 5 P. M. 8 A. M. 5 P. M.

Degrees F. Degrees F. Degrees F. Degrees F.
June 1......................... ___  62 81 67 73
June 2 ....................... . . . . 66 81 64 79
June 3 ......................... ___  72 90 70 82
June 4 ......................... ___  79 88 72 83
June 5........................ . . . . 75 90 72 86
June 6......................... ___  77 90 73 84
June 7 ......................... ___  81 84 70 84
June 8......................... ___  79 94 72 86
June 9 ......................... ___  75 94 70 86
June 10......................... ___  81 97 71 88
June 11......................... ___  83 104 74 90
June 12......................... ___  S3 97 75 90
June j 3 ......................... ___  S3 97 75 88
June 14......................... ___  81 89 67 82
June 15......................... ___  74 74 77 74
June 16......................... ___  72 S4 68 77
June 17......................... ___  77 93 68 85
June 18......................... ___  77 91 71 86
June 19......................... ___  81 95 73 88
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SOIL T E M P E R A T U R E S  A T  LONGMONT, COLORADO, 1911— Continued.

A t  T w o Inches A t  Six Inches
Dates S A. M. 5 P. M. 8 A. M. 5 P. M.

Degrees F. Degrees F. Degrees F. Degrees  F
June 20................. .............  77 82 76 80
June 21................. .............  84 86 71 81
June 22................. .............  82 95 70 86
June 23................. .............  81 97 73 88
June 24................. .............  84 89 75 83
June 25................. .............  74 90 72 75
June 26................. 73 87
June 27................. .............  79 89 75 89
June 2$................. .............  79 95 78 86
June 29................. .............  81 95 77 84
June 30................. .............  77 96 76 90

Averages ............ TS 04 72 S4

July 1 ..................... .........  72 S2 70 77
July 2 ..................... 84 83
July 3 ..................... .......... 75 89 68 S3
July 4 ..................... ......... 82 88 73 83
July 5 ................... .......... 77 S4 72 SO
July 6 ..................... .......... 77 92 72 83
July 7 ..................... ......... S3 SS 74 84
July 8 ................... .......... 70 97 70 84
July 9 ..................... .........  70 97 70 84
July 1 0 ................... .......... 81 97 72 86
July 1 1 ................... .......... 82 97 75 88
July 1 2 ............................... S3 98 77 90
July 1 3 ................... .......... 82 91 79 87
July 1 4 ................... .........  84 101 77 91
July 1 5 ................... ..........S3 so 78 84
July 1 6 ..................... .........  77 S6 72 80
July 1 7 ................... .......... 75 98 71 88
July 1 8 ................... .......... 79 so 75 SO
July 1 9 ................... .......... 73 79 71 75
July 2 0 ................... .......... 74 ns 69 S7
July 2 1 ..................... .......... 79 92 75 86
July 2 2 ..................... .......... S3 92 76 87
July 2 3 ................... .......... 77 95
July 2 4 ................... ..........73 S8 73 82
July 2 5 ................... .......... 77 72
July 2 6 ................... .......... SO 97 76 88
July 2 7 ................... .......... 83 92 76 89
July 2 S ................... .......... 81 92 76 87
July 2 9 ................... .......... 83 9S 75 90
July 3 0 ................... .......... S2 05 77 89
July 3 1 ................... .......... 82 91 74 87

Averages ....... .......... 79 1)0 74 85

August 1 .......... ............ SI 92 75 87
August O ............ SO SS 76 83
August 3 ............ ............ 77 93 73 86
August 4 ........... ...........  70 89 7 4 S4
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Dates
A t  T w o

S A. 3tf.
Inches

5 p. ar.
A t  Six 

S A. M.
Inches 

5 P. M.

August r.
Degrees F. 

............ 79
Degrees F. 

96
Degrees F. 

74
Degrees F

S5
August 6 .......... ............7 S 95 76 SS
August 7 ............ SS 99 77 90
August s . . ............ S 4 101 7 7 90
August 9 .......... ............ S4 94 7 S S5
August 1 0 .......... ............ S3 85 7 S S3
August 3 1 .......... ............ 79 91 74 $4
August 1 2 .......... ............ SO 92 7 4 SS
August 3 3 .......... ............ 80 94 75 SS
August 1 4 .......... . . . . . .  SO 99 76 90
August 1 0 .......... 94 77 91
August 1 0 .......... ............ SO S3 77 82
August 1 7 ..........
August I S ..........
August 19 ........
August 20 . . . .
August 2 1 ..........
August 2 2 .......... ............ 73 S3 73 79
August 0 0 ............ 73 $7 71 S3
August 2 4 .......... ............ 73 7 4 71 73
August 2 5 .......... 90 66 S3
August 2 6 .......... . . . . 7T. SS 69 S2
August 2 7 .......... ............ 7 3 S3. 7 2 77
August S9 69 81
August 2 9 .......... ............ 7 4 SG 70 S2
August 3 0 .......... ............ 76 95 71 S 6
August 3 1 ........ 7 7 90 72 So

— — — —
Averages . . ...........78 89 74 83

II. S T U D IE S  O F P O T A T O  RO O TS A N D  T H E  P O T A T O

L E A F .

During the seasons of i o n  and iq ip  field studies of potato 
roots were made at Del Norte, Carbondale, Kersey, Greeley, Fort 
Morgan and in a dry land district at Haxtum. Holes about 3x10 
feet were dug across two rows of potatoes and deeper than potato 
roots were found, the latter being identified when very small by the 
taste. The accompanying diagram (Figure 2) illustrates the root 
habits determined by these studies.

Potato roots in open, well-drained, sandy loams go to a consid
erable depth, limited apparently by the size of the plant, and extend
ing as much as four feet below the seed piece. In the case of Peach- 
blows the distance S  to B  is often as much as five feet. Early 
Ohios, under the same conditions, go down not to exceed three feet 
and to the side not to exceed four feet. W e found that deep cultiva-
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tion tends to deeper root growth. A  root cut off as at A  tends to 
develop branches running deeper. A  specially rich spot of earth, or 
composted manure, stimulates an abundant feeding-root system, as 
at D. After the leaves shade the entire ground and the weather 
becomes cooler the surface soil is filled with fibrous roots, as shown 
at C. For a full crop, it is important that this richest soil be com
pletely utilized at the end of the growing season. Crops that do 
poorly early in the season have the least chance to make good 
because they do not shade the ground as well.

In relation to other roots, particularly those of sagebrush and 
alfalfa, we found that potato roots seem to gain nothing from the 
other roots while they are alive, nor before they decay. In recently 
plowed alfalfa land the soil is more tightly packed about the roots 
than elsewhere. Potato roots do not go down the alfalfa roots the 
first year, but the second year the alfalfa roots furnish both food, 
air and space, and when a potato root reaches a decayed alfalfa root, 
as at B.  it goes on down for several feet, as to F, and even through 
soil which the potato root alone would not enter. If, in such heavy 
soil, there are sandy layers the potato roots enter them as at G.

On the dry land we found potato roots stopped by a dry sub
soil. The season of 1911 was one of scant moisture and at the time 
of the studies in 1912 the subsoil, though loamy, was so dry that 
the potato roots did not enter it, but were confined to the upper two 
feet, moistened by the rains of 1912. At Carbondale and Kersey 
we found potato roots stopped by clay. On the E. E. Edgerton 
mesa farm at Carbondale we found potato roots going less than two

F igure  2.—D iagram  il lustrating the root habits o f potatoes.
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feed in depth, except where alfalfa or sagebrush roots had gone 
before. These soils are unexcelled for potato growing because, in

F igu re  3.— Photom icrograph or a potato seedling at the 
stage when the root cap commences to lose masses o f  cells 
i f  s l igh t ly  rubbed.

F igu re  4.— The same seedling as F igu re  3, more h igh ly  
magnified.

our judgment, of the slope, which prevents soakage, and of the 
climate of the region. In a level and warmer country they probably
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would not grow potatoes permanently. At Ames, Iowa, in the late 
summer of 1914, Mr. E. E. Isaac, a graduate student, and the writer 
dug two large holes in a potato field, which has a good deep loam 
but which is underlaid by clay and which requires artificial drainage. 
YVe found, in gravelly loam, potato roots dead at 4 feet, and stand
ing water at 4^2 feet; and in heavy clay loam, roots were dead at 
3]/2 feet with water at 4R2 feet. The closer-grained soil drew to 
a higher level water enough to drown the roots. This condition 
was found in 1912 at Del Norte, Colorado, where a rise in the Rio 
Grande River had raised the water level under the potato field.

Laboratory studies of potato roots throw an interesting light 
upon the field studies. The potato root, in the conditions studied, 
penetrates raw clay soils not at all. This, doubtless, is not only 
because in such soils a potato root does not find the amount of air 
which it needs, but also because its root cap (C  in Figures 4, 5 and 
6) is an inefficient protection to the growing tip of a penetrating 
root. Doubtless potatoes have grown for so many ages in an open 
soul that their roots are adapted neither to enter nor to live in very 
close-grained soils. We find that the root cap loses large masses of 
cells with the slightest rubbing against soft wet paper. As soon as 
the seedling develops root hairs, the cap will break up, in this man
ner and the cap on mature plants is similarly weak.

F igure  5.— Germinating p o t a t o  
seedlings, show ing loosening o f  the 
root caps. These seedlings are from 
Carbondale Peachblow seeds about 
10 years old. D raw in g  by Ada 
Hayden.

F igure  6.— The root tip o f  a 
potato, show ing loose cell  cap 
at tip. D raw in g  by Ada H a y 
den.
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Figux^e 7. —  T h e  s t o m a  o r  
breath ing pore o f  a potato leaf; a 
structure designed to d i s s i p a t e  
r a t h e r  than conserve moisture. 
D raw ing  by Ada Hayden.

F igure  S.— The stoma or breathing 
pore o f an a l fa l fa  leaf  for  contrast with 
that o f the potato. A  structure designed 
to conserve moisture. D raw ing  by Ada 
Hayden.

Laboratory studies of the potato leaf are of use in studying 
the needs of the plant. Farmers know that in dark, misty weather 
potato leaves grow broad and full at the edges and that the crop 
fairly leaps forward under such conditions. Moisture and tem
perature conditions in the soil are apt to be right at such times, but 
the microscope shows that misty weather is particularly good for 
the leaf itself, and it has been shown, moreover, that starch forma
tion is favored by the less intense light which accompanies such 
weather. To prove that a damp atmosphere is good for potatoes, 
we have only to remember the climates of Scotland and of upper 
Maine.

The stomata, or breathing pores, of the potato leaf (Figure 7) 
project like little craters and are adapted to the ready escape, on 
every breeze that passes, of moisture from the scantily protected 
inner tissues of the leaf. In marked contrast are the stomata of 
the alfalfa plant (Figure 8) which we know is an age-long native 
of arid regions. Its leaf openings are protected by being sunken 
and by having an upper protecting ring about the tiny well. These 
stomata are adapted to the conservation of moisture.

The evidence of root and leaf seems to prove that the potato 
plant, if native to mountain regions, must have grown where the 
soil was deep and open, free from soakage by heavy rains, and 
where there was much misty weather. That the leaf diseases of 
the potato— early and late blight— both develop faster in damp 
weather is evidence of the same sort. The best soil temperatures 
for ootatoes as herein shown have a very narrow range above and 
below 70 degrees F., and this is very close to the optimum temper
ature for late blight, which is believed to have lived for ages with
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the potato plant. It seems probable that the potato plant was 
developed by nature on deep, sandy loams in an equable maritime 
climate. Our mountain potato districts are among the best in the 
world because of their cool temperature, pure, cool water, abundant 
slope, and fertile, alfalfa-filled soils. They would be still better for 
potatoes if thejr air was damp.

III. G R E E N H O U SE  S T U D IE S  O F SO IL  T E M P E R A T U R E S  

A N D  M O ISTU R E .

Following the field evidence that soil heat or soakage, or both, 
had been the occasion of the leaf-roll disease, arrangements were 
made for the study of these factors under controlled conditions 
(Figure 2). A  preliminary experiment, in which large incubators 
heated with lamps were used, having proven unsatisfactory 
because of the impossibility of securing natural conditions of 
air and light, four cabinets (Figure 2) were made and fitted with 
racks, for the suspension, in a water bath, of watertight tanks in 
which potatoes were planted. Each cabinet held 35 tanks, the space 
which otherwise would have been occupied by the 36th tank being 
given to the electrical heating and turbine stirring- arrangements 
shown overhead in Figure 2. Six-hundred-watt heating units, 
such as are used in electric irons, were soldered to lead pipes which 
protected the connections. The unit was placed in the water directly 
beneath the turbine wheel, which was set vertically and arranged to 
draw the water upwards past the heating unit. Power was furnished 
by a water motor running continuously. One tank in each cabinet 
was given to the thermostat which operated the magnets, and these, 
in turn, cut the heating current out and in. In the coldest cabinet, a 
geared electric switch was used to open and shut a valve in a pipe 
supplying mountain water at about 33 degrees F. Exceot for 
some weakness in construction of the switches, all the mechanical 
and electrical parts Droved to do their work well. The turbine 
arrangement was particularly satisfactory and maintained the tem
peratures in the farthest corners of the cabinets just the same is in 
the center.

The tanks held 25 pounds each of calculated dry earth. Each 
empty tank was made up to even weight with coarse sand and this 
sand was used to mulch the earth and prevent puddling while 
watering. The tanks and calculated dry earth all weighed the same 
and a lead weight was made to balance this amount. By sacrificing 
at intervals some six plants and weighing them, we were able to 
set, on the second beam of our scales, our plant tare and weigh the
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'water direct, on the other beam, each quarter pound being i% . 
These calculations were checked at three intervals against samples 
of earth taken from the tanks with a butter trier and tested for 
water by drying in a soil oven.

The soil temperatures used were 50°, 65°, 8o°, and 95 °. 
The potatoes planted in earth at 95°, in many casgs started to 
sprout but all were killed before coming to the surface, so that 
only three cabinets were operated to maturity.

The quantities of moisture used were: 10% for the long
row at the left in each cabinet through the entire experiment; 20%

F igu re  9.— Plants g row n  for  the whole period respective ly at 80 degrees 
soil temperature (bottom r o w )  and at 65 degrees soil temperature (top row ) 
live days a f te r  the r igh t  hand plants had been changed from a soil moisture 
content o f  20% to one o f  -10%, the next plants from 20% to 30%, the left-hand 
plants remain ing at 10% and 20% as from the first. Futsarinm content neg 
a t ive  or posit ive according to the s igns'on the tanks.
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for all the period in the second row ; 20% for 75 days for the 
third and fourth rows, and then for 5 days 30% for the third row 
and 40% for the fourth. We did not dare use 30% and 40% 
during the main growing period because we believed these high 
percentages of moisture would cripple the plants (see Figures 9,
10 and 11).

We found that when the moisture in the 10% row fell to 7%-, 
the plants wilted, and that they recovered all right and quickly 
when watered again. In practice, we ran the water from 2 or 3% 
above to 2 or 3% below the standard.

The soil used was a mixture, about half and half, of a light, 
sandy loam from Farmers’ Spur near Greeley and clay loam from 
an alfalfa field on the college farm at Fort Collins. The sandy 
loam was from a field where leaf-roll had been serious during 
1911, and the seed potatoes were Pearls from the same field. The 
study was made to determine what conditions would bring health 
and .what conditions disease. The potatoes were planted on Febru
ary 5, 1912, and the temperatures and percentages of moisture 
were maintained from that date.

The health of the 10% lots, whether in cold, medium or con
stantly warm soil, was in entire accprcl with the experience of prac
tical potato growers under irrigation. They find that almost no 
harm comes in early summer to dry plants, even though the sun 
be steadily hot and the soil hot. Tf obliged to irrigate at such 
times, they do it at night, but the wisest of them often let potatoes 
get very dark and the leaves droop, hoping for cool weather and 
showers to put the plants along to where they will shade the ground 
before irrigating. Then they uniformly practice, on the more 
level fields, irrigating every other row only, until the vines have 
reached good size. Some irrigate alternate rows at the second 
watering and others irrigate the same alternate rows each time 
until cool weather or self-shade, or both, are at hand. AVe favor 
the latter method, because it leaves half of the surface mulched and 
half of the roots free from soakage while warm.

In times of great scarcity of water less has been used and good 
crops have been made by irrigating the same alternate rows 
throughout the season. Dry times are hot times and reservoir 
water used then is both warm and extremely alkaline. By a prin
ciple well known to botanists strong alkalinity makes it somewhat 
more difficult for the plants to secure water enough for their needs. 
Conservative irrigation to avoid root injury at such times is im
perative for health and a good crop. It is equally reckless in cost



i8 Colorado E xperiment Station.

of water and risk of crop to be prodigal with water on lands with 
little slope in hot weather.

Observations stated, and to be stated herein, are the basis of 
the following principle which should govern irrigators of potatoes: 

Heat, soakage, infection, continuous cropping with potatoes, 
alkali water, poor seed, poor fertility arc all against potato health.

F igu re  10.— Plants g row n  at S0° (top  row ).  65° (middle row )  and 50° 
(bottom  ro w )  for  tw o  months and then transferred for  five days to a soil tem 
perature ol 95°. The right-hand plants were  raised from a moisture content o f 
30% to one o f  40%, the next from 20% to 30%, the left-hand ones remaining at 
10% and 20% respectively. The Fusarium content is marked on the tanks as 
fo l low s :  Fusarium found, -f-; Fusarium not found, — .
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The more we have of one condition, the less we can have of t V  
others if we are to make a good crop.

When the higher percentages of moisture were used, the 
leaves and stems collapsed very quickly, within less than a day, in 
the 8o° cabinet, somewhat less quickly in the 65° cabinet, and not 
at all in the 50° cabinet. It is to be supposed that the roots were 
in better condition in the cooler cabinets and were less easily 
drowned. The effect of the high temperature and soakage was, 
evidently, the crippling of roots by heat and the exclusion of air, so 
that the roots could not supply the tops, which then wilted for lack 
of water. ;

After 90 days the stems were cut just beneath the soil and 
were submitted for examination to Professor Walter G. Sackett. 
of the Colorado Experiment Station. He found a species of 
Fusarium present in some of the stems and absent in others, accord
ing to a very definite rule. As the examinations were being made 
we were able to foretell in advance whether or not the Fusarium 
would be found. The results were absolutely uniform. There 
were no exceptions.

We regard the presence or absence of the fungus in these 
experiments as a secondary matter; as an index of the health, 01- 
lack of health, of the plants under the conditions to which they

Figure  11.— From left to right: 1. Moisture at 10 per cent (8-12) negative
2. T w ice  Hooded. "R izoc”  and Fusarium. 3. Started at 10. once flooded bv 
accident. “ Rizoc”  and Fusarium 4 Moisture at 20 per cent. Check the same 
Both negative. Note the abundant health o f  the plant on the r ight though 
grow n  from leaf-ro l l  seed in lea f-ro l l  soil.
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had been subjected. Later herein we shall give the field evidence 
that there was in Colorado a fungus or infection factor in the leaf- 
roll disease.

Figures 9, 10 and 11 show the condition of the plants after 
80 days of growth. The sign (— ) means that Fusarium was 
absent and the sign (->-) means that Fusarium was found. The 
first figures are the percentages of moisture used, the second the 
temperatures. Where another number is used below a line it 
represents the condition as changed for the last five days.

The following table, Figure 12, shows dividing lines between 
plants injured and not injured by Fusarium because of heat and 
soakage.

F igu re  12.— Giv ing  summary o f greenhouse studies o f  potato health. P e r 
centages o f  water  in soil and temperatures o f soil for  first seventy-five days 
shown above the line, and for  the next five days shown below the line in the 
form o f  a fraction in each case. Presence o f disease is shown by a plus ( +  ) 
sign. Absence o f  disease is shown by a minus ( - )  sign. Note that the com
bination o f  adverse factors, governing' the appearance o f Fusarium in the ducts 
is limited by the solid lines drawn through the table. As the wa te r  was 
applied to the surface, the distribution o f  the wa te r  was not quite uniform 
throughout the soil, and it is there fore  believed that a line somewhere near 
the position o f  the dotted line would more accurately represent the boundary.

It would be desirable to repeat this experiment in summer, in 
dry air and sunshine, out of doors. There would be likelihood of 
producing the leaf-roll disease in typical form' in some of the 
conditions and entirely healthy plants in others.
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Every warm summer, in the corn belt, potato leaves roll as 
they did in the epidemic of leaf-roll in Colorado, but they usually 
recover to a large extent, with good fall weather. For many years, 
in the Greeley district, if leaves were once rolled by long continued 
heat and heavy soil and heat, or watering in hot weather, all chances 
for a real good crop were considered to be past. There is a strong 
probability that it is the fungus factor that makes the leaf-roll 
condition permanent. It seems to be the sum of poor nutrition, a 
starvation matter, due to root injury.

T h e  I n f l u e n c e  of Son. H eat a n d  W arm  A ir .

On April 8th, the plants in one cross row were transferred from 
each of the other cabinets to the 950 cabinet, and part of them were 
covered with a glass case, heated by two 32 c. p. carbon lamps to

F igure  13.— A  case in which summer air  temperatures were  produced by 
heating with large e lectric globes. The temperature o f  the air  proved to be a 
comparative ly unimportant factor o f  potato health.

an average temperature of 90 ° (ranging from 750 at night to 
1 io° in the sun) and well ventilated, to simulate summer heated air. 
VVe give the detailed records with the cuts and in the table. (See 
Figure 13.)

Those plants which had been wet and warm were almost 
instantly wilted by transferance to the 950 cabinet. Those that 
had been dry or cool stood up much longer. The addition of 
heated air in the glass case made very little difference to the plant 
troubles or in the time of going down from the soil heat.
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O T H E R  F IE L D  O B S E R V A T IO N S .

Through the co-operation of the Board of Commissioners of 
Rio Grande county, who furnished the equipment, and of Mr. R. A. 
Chisholm, who cared for the work and took the yields, a field 
experiment to determine the best level of water for the sub-irriga
tion of potatoes was performed during the season of 1912 at Del 
Norte in a mellow, sandy loam soil.

Four watertight galvanized iron tanks, four feet long, four feet 
deep and two feet wide (Figure 14) were set in the ground flush 
with the surface. In a corner of each a five-foot piece of corru
gated galvanized iron eavestrough piping was placed upright, the 
lower end being notched and placed on the bottom of the tank. To

22 Colorado E xperiment Station.

F igu ro  14.— Sett ing  tanks for the study o f  the best water  level for the sub
irr igation  o f  potatoes.

prevent clogging, the bottoms of the pipes were surrounded with a 
little pile of good-sized pebbles. Then the tanks were filled with 
earth, and Pearls were planted in each.

A  record of rainfall was kept, and deficiencies from an aver 
age rainfall were made up by sprinkling a calculated amount of 
water upon the top of each tank. Additional water was run down 
the pipes, through which, also, the water levels were measured so
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that the ground water level was kept at one foot from the surface 
of the soil in one tank and at two feet, three feet and four feet for 
others. Numbering the tanks according to the distance to water, 
the results were as follow s:

T IE L D S  FROM  SI 

Tota l W eights
Tanks Nos. o f  Tubers
1 4 3.5 lbs.
2 3 0.0 lbs.
3 3 9.0 lbs.
4 2 0.5 lbs.

! AT IO N T A N K S .

>. o f No.
Tubers o f  Culls Quality

13 23 V ery  poor
12 S Poor
17 8 Fine
12 18 Good

It was regrettable that an even number of hills were not se
cured for comparison, but it was very evident to the observer that, 
for the line, mellow garden loam used, three feet deep is the proper 
level for the irrigation water where subbing is practiced. The 
leaves of the plants in No. 1 and No. 2 were badly rolled, and the 
potatoes inferior. In No. 3 the tubers were larger, few were small 
and the total weight of tubers lit for table use was most in the 
aggregate and per hill. No. 4 showed signs of drouth and did not 
make as many of its tubers of desirable size as an average plant 
should produce.

Tt is the keen desire of many thoughtful men that eventually 
the sub-irrigation system may be eliminated. It is calculated that 
row irrigation will take less water per acre and that the drainage 
system that should be installed with a new system of irrigation will 
make it possible to use the water several times, and largely increase 
the acreage that can be planted, and the prosperity and future secu
rity of the agriculture empire, which lies west of the magnificent 
Sangre de Christo range.

At Greeley, in 1912, in co-operation with Mr. E. R. Bliss, two 
experiments were performed in studying the conditions necessary 
for potato health. One small patch of ground was shaded by a

F igu re  15.— Shading the ground did not do much good in 1912.
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canopy (fig u re  15) and soil temperature records kept, but it was 
found that the shaded plants were but little, if any, better than the 
average. It was true of TQ12 in general that conditions of tem
perature were good, but that the crop was almost as badly affected 
by leaf-roll as in 1911.

A  large cold frame (Figure 16) was placed over another small 
patch of hills with the idea that the additional heat might make the 
disease worse. Soil and air temperatures were higher but the light

F igu re  16.— T ry in g  to hold some field plants still warmer by cover ing  them
with  a large cold frame. The results were  not what was expected.

was more subdued and evaporation, and undoubtedly transpiration, 
were less. The plants, much to our surprise, were rather better than 
elsewhere in the field, and did quite a little growing late in the sea
son, after other plants were done.

The effect of cultivation upon soil temperature is not to be 
overlooked. The heat rays pass through the air and warm it hardly 
at all. The air is heatetd, by radiation, from the surface of the 
earth which absorbs the sun’s rays. If the surface of a potato field 
is loose and dry it may be very hot, but comparatively little heat 
goes deep into the earth, and when the sun has set, the earth and 
air above cool quickly. This is the condition in a desert, where the 
surface is loose sand, and this should be the condition in a potato 
field in a region of intense sunshine. Every barefoot boy knows 
how much hotter road dust is than solid earth. The road dust is 
letting less heat down into the soil, is hotter itself, and for the time 
being is giving off more heat by radiation.

For three years we carried a pocket thermometer for the obser
vation of the temperature of soil and water. Under a bright sun,



Studies  of H e a l t h  in  P otatoes .

very high surface temperatures have been observed. A t Briggsdale, 
on July 16, 1912, in a patch of potatoes in a garden we found a sur
face temperature of 1330 (It has reached 1420 in the writer’s 
garden at Ames, Iowa), while at four inches the temperature was 
81 °. The surface temperature in the shade of a potato plant was 
930, on the center of a hill 8o°, and four inches deep, 740. Sandy 
road dust was 130°, and the side of an ant hill was 1350, and level 
coal dust was 1340.

Because the Greeley district slopes to the sun, slightly more 
heat per square foot is absorbed than would otherwise be the case. 
At Ault, on July 13, 1912, at noon, road dust piled on a newspaper 
in the full sun was 130° on the side facing the sun and 1230 on 
the side sloping away from the sun. That afternoon at 1 :30 in a 
crusted potato field near the pea huller, the temperature was n o ° , 
at three-fourths of an inch below the surface, and at five inches, 
84°, which are dangerous temperatures for potatoes. At the same 
time, in a well cultivated beet field, the top soil was 115 0 and at five 
inches the instrument read 78°.

At 3 p. m. on June 22, 1912, on the Rasmussen Brothers’ farm 
five miles east of Greeley, in a crusted potato field, the temperature 
at the seed pieces was 89°. In a portion of the field cultivated the 
night before the temperature at the seed pieces was 750 and in rows 
cultivated that morning, 72 °. Driving out the next morning to the 
same place at sunrise, the temperatures at seed pieces were found 
to run about 67°, at eight inches deep 70°, and at fifteen inches 70°. 
The air at 5 o’clock, five feet from the ground, registered 540. As 
the sun came up, shallow temperature changed almost instantly. 
In the sun at 5 130 surface soil temperatures were 70°, in the shade 
of a row 62°, in a horse track 570. Mr. Charles Rasmussen sug
gested the use of a beet cultivator to break the crust without destroy
ing the planter ridge.

The above temperatures are typical of hundreds taken. The 
eight to ten inch cultivation, which is the universal practice of potato 
growers in the Greeley district, is needed to hold the soil open for 
protection against the effect of heavy rains, and to make a good 
ditch possible, but we are fully persuaded that it is necessary, also, 
to influence deeper rooting early in the season and to provide a very 
deep, porous blanket against the entrance of heat.

In 1914, Mr. E. E. Isaac, a graduate student, working under 
the author’s advice, found that at Ames, Iowa, in less intense sun
shine and with less thorough cultivation than is practiced at Greeley, 
deep cultivation (6 to 7 inches) as compared to shallow cultivation 
(3 inches) made the soil at a depth of the seed piece, on the average,
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between two and three degrees cooler in the warmest part of the 
day. On extremely hot days the saving at the high point was some
times as much as 7 0. The deeper rooting would be a factor also in 
favor of deep cultivation, as the deeper the roots the less their tem
perature at the top heat of the day. With heavy soils, the poorer 
aeration of the roots at several inches below the surface would be 
an adverse factor, but potatoes should not be planted on such soils 
in regions of high soil temperatures.

The temperature of irrigation water is an important factor, 
also, because water holds from seven to eight times as much heat 
as good potato soils, so that the temperature of such a soil is pro
foundly influenced by the temperature of the irrigation water. 
Water coming a long way in small ditches is considerably warmed. 
A  return to the planting of trees on ditch banks would have some 
excellent results. To mention an extreme case of warm irrigation 
water, we found near the lower end of one of the ditches out of the 
Poudre, one afternoon in July, 1912, a potato field being irrigated 
with water which was reaching the lower end of the field at 1080. 
At Glenwood Springs, in the same month, we found the Grand river 
at about 520, and the Roaring Fork water going into the potato 
rows from the snows of Mount Sopris at 540.

V. H IS T O R Y  OF P O T A T O -G R O W IN G  D ISTR IC TS.

As our fathers have cleared new forests, moved w'est to new 
prairie lands, or brought into cultivation by their labor and engi
neering skill the new and wonderfully fertile irrigated districts of 
the West, they and we have had for almost three hundred years 
new lands on which to grow potatoes. Virgin soils produce well 
nourished, well rounded tubers from healthy plants. As virgin 
soils are no longer available, we shall be obliged to consider with 
care the soil requirements for the health of potatoes. As time goes 
on, our loose, sandy soils, sometimes held in little respect, will be; 
better fertilized and more appreciated because of their healthfulness 
for potatoes.

A t the Colorado station, no question came more often to the 
potato specialist than: “ W hy cannot we grow potatoes? W e did 
here in the early days, but we cannot now.” Only recently an Iowa 
man who had bought land near Denver sent the same question to 
Iowa State College. This question came very often from the 
vicinity of Rocky Ford, from Canon City, from Pueblo, from Rye. 
from the Fountain Valley below Colorado Springs, from Golden and 
Denver, Longmont, Stove Prairie and Virginia Dale. The
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Arkansas divide once shipped potatoes by the trainload. iThe crop 
failed, as did likewise an attempt by the Colorado station to grow 
potatoes at Elizabeth, under improved methods, in 1909. This crop 
was harvested by the writer.

On Clear Creek and Bear Creek near Denver, in 1863 or 1864, 
according to Mr. Asa Sterling, of Greeley, one crop of potatoes, of 
excellent quality, was raised but none have been raised since.

On the present site of Denver, in the suburban region west of 
Denver University, potatoes were raised in the early days and of 
good quality. On August t o , 1012. we visited the locality, talked 
with gardeners and small farmers and saw the brick residence, 
spacious for its time, of the man who was known as “ Potato Clark,” 
because of his great success at that place with potatoes grown for 
Denver and the mining camps, in the early days. We later had a 
gracious letter from his widow', an elderly lady in the East. All 
were agreed that potatoes had failed about 1876 and, though often 
tried, they have net been grown thereabouts with any success what
ever for forty years.

The same was true later, but in less degree, of the farms 
about Longmont, Johnstown and Fort Collins, on soils so rich that 
they groiv the largest yields of sugar beets and grain produced 
anywhere.

The plants, in such of these cases as have been observed, 
appeared to have the leaf-roll, disease. On the station plots at Fort 
Collins Professor E. R. Bennett, in the years 1907 to 1912, secured 
about one fairly healthv crop in the six.

Down the Platte river, at Brush, and at Julesburg, w'here the 
yields were formerly very large, failures came sooner than on less 
rich soils. In 1915 crops of potatoes have been good again, the 
Greeley district having one of the best crops it ever raised. The 
worst crop v'as in 19H, but the crops of 1912, 1.913, and 1914 
were far below the average.

On the West Slope there are heavy lands which have gone out 
of potato production— mostly bottom lands that have had the leaf- 
roll. Other bottom lands and damp spots at the breaks between 
benches, will have trouble, but the high sloping mesas, with their 
pure, cold water, have fine conditions for permanent potato pro
duction.
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T h e  E vidence  op a  F un g u s  or I n f e c t io n  F actor  in  E e a e-R ole 

D isease  in  C olorado.

First.— The two regions which had the disease the most severely 
are tied together by one of them securing the major portion of its 
seed from the other.

Second.— In the Greeley district, in 1911, the soil heat would 
lead us to expect trouble, but the weather conditions in 1912 were 
ideal. In that year the United States grew the largest crop of pota
toes that it ever grew and had the largest yield per acre since the 
Government lias made estimates of yields. Nevertheless, the crop 
in the Greeley district was very little better than in 1911, in spite 
of new seed, and much change in crop rotation. Some active factor 
of infection must have been carried over in the soil, and must have 
been distributed universally over the district bv wind, water, tools 
and potato storage.

Third.— W ith decreased acreage of potatoes for 1912, 1913 and 
1914. and a season in tqts showing a larg'e deficiency in temper
ature (according to the September report of the Denver branch of 
the Weather Bureau) for May, June, July and August, and some 
deficiency for September, but no better a season than 1912 and with 
change of soil and seed as in 1012, the Greeley district has a record 
crop on a small acreage. Some hidden injurious factor has been 
lessened.

Irrigation water affords a readv means for the distribution of 
any microscopic life, and I am indebted to Dr. L. R. Jones, of the 
University of Wisconsin, for his opinion that Fusariam might be 
distributed by the wind.

In Iowa, conditions which potatoes have to meet are much the 
same as in the Greeley district. W e have less soakag'e. but we have 
large areas requiring artificial drainage and much soil which is 
heavier than that at Greeley. W e have more heat. We have no 
district that has for a long time specialized, with success, in pota
toes. No less than five districts that once grew many potatoes are 
producing less, and some none, for shipment, and in all such districts 
poorer shape and yields have been reasons for reduction of acreage. 
W e have one area of deep, sandy loam, naturally drained, that prom
ises to produce many potatoes permanently. W e have another very 
large area of deep, loess soil, natura’ly drained, where potatoes do 
well. W e have no large area on tile-drained soil where potatoes 
are a reliable crop.

W e may regard it as an axiom that where seed potatoes cannot 
be maintained for some vears conditions for potato health are not the
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best, arid that where seed potatoes can be maintained for years, con
ditions are good. The author has found the following instances of 
permanency and health in a State most of whose area finds it 
desirable to send away for seed :

Mr. W. C. Boyce, Winterset. Iowa, has maintained Bonanza 
potatoes on the same farm for 29 years. His farm is very large. 
He raised but five to ten acres of potatoes on portions of the farm 
that are extra well drained.

At West, Iowa, Anton Neuman, potato man for one village of 
the Amana colony, has maintained Snowflakes for 37 years. He has 
deep, mellow, sandy loam. There are no other potatoes than his 
raised or used for a distance about the village.

At Tabor, close to the Missouri line, Mr. Ed. L. Gladwin has 
maintained the same stock of V ick’s Champion potatoes for 27 
years. His soil is deep, self-draining loess and he raises but one 
or two acres on a considerable farm.

At Auxvasse, in central Missouri, Mr. I. J. Attemron main
tained Early Rose for 31 years and then lost seed accidentally.

The soil and climatic conditions for health of cabbage are very 
much the same as for potatoes. The Amana society has grown 
cabbage as one among a full line of vegetables, on sandy loam in 
Iowa county for 60 years without serious disease. In the second 
county east, in a specialized cabbage district, cabbages cannot be 
grown safely more than one year on the same ground. Often

Figure  17.— The health needs o f  cabbage are much like those o f  potatoes. 
Among cabbages are found plants which do not have the yellows or Fusarium 
disease. The ir  progeny is for the most part resistant also. In the center is 
shown on sick ground healthy cabbages which produced 20 tons per acre, 
where plants from other seed, on fight, were all sick.
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whole crops are destroyed by the yellows, a f  usarium disease, and 
the lands stay sick to cabbage for an unknown number of years.

VI. T H E  H O P E  OF D IS E A S E -R E S IS T A N T  P O T A T O E S.

Among cabbages there are found a few that do not have the 
disease and their seed produces plants most of which do not have 
the disease, as the author has shown in Muscatine county, following 
the work of Dr. L. R. Jones, in the Racine district of Wisconsin. 
To have an equal chance of finding such plants among potatoes, a 
vast number of seedling's would have to be produced, and in the 
Greeley district practically no seed is borne except by the Pearl 
bastard. If, among' many hundreds of thousands of its seedlings, 
a goodly number of resistant plants were found, it might be possible 
to find one worthy to use as the commercial variety of the district, 
but all these seedlings and all the seed stock of any worthy variety 
would have to be produced elsewhere under better conditions for 
health and then be brought to the regions of greater strain upon 
health in potatoes. The price of a small battleship would be required 
to carry on breeding work on a scale vast enough to promise success 
under such difficulties.

V II. SU M M A R Y .

Leaf-roll, regarded as the sum of ill health for potatoes in 
Colorado, appeared widely and suddenly in 1911, continued in 1912, 
1913 and 1914, and disappeared in 1915.

Soils in the Great Plains region may reach dangerous temper
atures in years of more than average sunshine. Potatoes were 
found badly injured in good, but overheated, potato soils, but 
heated air, constantly changed, seemed to add very little to the ill 
health o f the plants.

In 19x1, temperatures for the critical month of June, for the 
whole upper foot of soil, averaged, in the locality most affected, 
io ° more than in June, 1910. Tn other regions there was much 
injury from over soakage of potato lands.

Potato roots use as much as four feet of suitable soil, but do not 
enter very close-grained soils, and die in wet soils. The potato root 
cap offers additional evidence that potato roots have the power 
neither to enter nor to live in close-grained, easily wet, and poorly- 
aerated soils. The structure of the potato leaf and practical obser
vations indicate that a damp atmosphere is best for potatoes.

Potato plants grown under controlled soil temperatures and 
percentages of moisture gave evidence that soil heat and soakage
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(causing lack of aeration) are joint factors adverse to health of 
potato roots and plants. iThese factors were in direct relation to 
the presence or absence of Fusarium hyphae in the water tubes. 
Irrigation practice and experience also prove that heat and soakage 
are adverse factors that should not be combined.

Field studies of sub-irrigation indicated, in a certain sandy 
loam, that three feet was the best depth to water, and that a higher 
water level was injurious and a lower level insufficient.

indifferent results were secured by shading and by covering- 
plots of potatoes with glass.

Deep cultivation is approved by practice, by field observations 
and by experiment as a means of protecting' potato roots from ex
treme temperatures.

The temperature of irrigation water varies widely, and is an 
important factor because of its high specific heat as compared to 
that of potato soils. Cold, pure water is best for potatoes.

We have had new ground for potatoes in settling up a new- 
country and a new State. Many districts have become quickly 
unable to grow potatoes at all, the heavier soils in wanner regions 
going out first.

There has been conclusive evidence, in-the-large, that the leaf- 
roll in Colorado, in addition to heat and soakage, had an infectious 
or fungous factor.

Cabbage plants, resistant to similar conditions, are readily 
secured thru selection and their culture is successful in a commercial 
way on “ sick” land. No resistant plants among potatoes were seen. 
Only a few sorts of potatoes are grown, and hundreds of thousands 
of seedlings would be necessary for the selection of resistant plants. 
Almost no pollen was found except on the Pearl bastard, under 
leaf-roll conditions.

Seedlings, when secured, could not be developed successfully 
under leaf-roll conditions.

General Summary.— In potato health, soakage, close-grained 
soils and poor aeration of soils give the same results. Soil heat, 
poor aeration, and infection are the three factors adverse to health 
in potatoes. The less a district has of one adverse factor, the more 
it can stand the other two. The more open and cool a soil, the better 
it is adapted to potatoes; the heavier, damper and warmer a soil is, 
the poorer is it adapted to potatoes and the quicker will the crop fail.

Regions having fair conditions for health of potatoes can on.lv 
hope to grow their crop permanently by planting a very small pro
portion of the area in this crop each year.


