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BULLETIN No. 395. 

] URTHER STUDIES ON THE SPREAD AND CON­
TROL OF HOP MILDEW. 

F. M. BLODGETT. 

SUMMARY. 

I. Hop mildew first caused serious damage to hops in New 
York State in 1909, since which time it has gained steadily in impor­
tance and become a constant menace to the crop. 

2. The perithecia or winter fruit-bodies of the hop-mildew fungus 
have been found to reach maturity in March and have been shown 
to be capable of causing infection in the greenhouse at that time 
of the year. 

3. In artificial inoculation experiments, the time elapsing between 
the sowing of spores of hop mildew on hop leaves and the appearance 
of a fair-sized mildew spot was found to be about ten days. 

4. It has been observed, also, that fresh mildew spots appear in 
approximately ten days after each rain. • This leads to the inference 
that infection occurs during periods of wet we~ther, and indicates 
the advisability of applying sulphur as soon as possible after such 
periods in order to destroy the developing colonies of mildew. 

5. During the past three years there have been made a con­
siderable number of experiments in which flowers of sulphur, 
heavy flour sulphur and fin~ flour sulphur have been compared 
with respect to their efficiency in the control of hop mildew. In 
°1912 and 1913, control with all three kinds of sulphur was so nearly 
perfect that little difference could be detected even though the 
loss from mildew on the untreated plats ranged from 50 to 100 
per ct. In 1914, conditions were generally more unfavorable 
for sulphuring and the tests of different kinds of sulphur therefore 
more severe. Under these conditions the average percentage 
of hops free from mildew on the unsulphured portions of six yards 
was only 5, while on the treated portions it was 78. The per­
centage of hops so badly mildewed as to be worthless on the unsul­
phured portions of the six yards was 61 while on the sulphured 
portions it was only 5. 

[29] 
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The average percentage of hops free from mildew on the portions 
of these yards treated with flowers of sulphur was 68, on the portions 
treated with heavy flour sulphur 82 and with fine flour sulphur 83. 

6. Flowers of sulphur has been found to be very variable in 
mechanical condition. Some it was impossible ' to apply satis­
factorily. This sulphur in poor condition has been found to contain 
considerable amounts of sulphuric acid, which appears to be the 
cause of the trouble. Extremely fine flour sulphur has proven 
rather difficult to sieve and apply. Flour sulphur of a medium 
degree of fineness seems to be equally efficient, easier to handle, 
and cheaper. Coarse flour sulphur containing little or no fine 
sulphur is to be avoided. 

7. ·Practical control has been successfully accomplished on a 
large scale by hop growers' cooperative associations. About 
seventeen hundred acres .of hops have been included in such work 
within the last three years. The average amount of sulphur used 
per acre for the season has been approximately 190 pounds. There 
has been a large variation in the amount necessary to secure control 

. in individual yards and also in the same yards in different years. 
The average for the Waterville association in 1912 was 165 pounds 
of sulphur per acre, in 1913, 160 pounds, and in 1914, 249 pounds. 
The average expense of sulphuring has been about eight dollars 
per acre per season. 

INTRODUCTION. 

CONTINUED IMPORTANCE OF THE DISEASE. 

The appearance of the hop mildew (Sphaerotheca humuli) in a 
few hop yards in 1909 has been followed each year by reports of 
damage done in new districts, until, in 1912, no hop growing di,strict 
in New York State seemed to have been missed although these 
districts are rather widely separated. It was first reported in 
Waterville in 1909;1 in 1910, it was quite serious also at Middleburg; 
in 1911, it became serious in the Milford valley and about Coopers­
town; and in 1912 it did serious damage about Malone in the extreme 
northern part of the State and in the hop-growing section about 
Canandaigua lake, both comparatively isolated districts. During 
1913, badly mildewed leaves and hops were received from a hop 

'An account of the early history of hop mildew in New,York is given by Stewart 
and Whetzel on p. 356 of Bulletin 328 of this Station. 
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111\\ ill' III Fournier, Ontario, Canada, who had lost about four 
I"" of hops. The disease was noticed in that section for the first 
t 1111 ILilout July 27 of the same year. 

' 1' 11(1 damage by mildew was probably greatest in 1912. During 
11",,1. ,Y ar the losses in New York State could scarcely have been less 
111/111 one-third million dollars. In 1913 conditions were much 
III 1,1.( e, yet heavy losses occurred in some districts where little 
IIlphuring had been done. Although the year 1914 proved to be 

1111(\ in which the mildew was difficult to combat, the writer. believes 
I hl~(' Lhe average losses due to mildew were little if any greater than 
II Lhe year previous. In fact, in some sections, the control was 

lil'( icledly better, due to the extension of sulphuring operations. 
'I hut such an extension actually occurred is evidenced by the fact 
1.llltt more than eighty new dusting machines were put in operation 
lULU about one-half more sulphur was used in the State than during 
I.he year previous. 

INJURY BY HOP APHID IN 1914. 

Unfortunately, the latter part of the season of 1914 proved 
favorable also for the hop aphid. Early in the season this insect 
seemed comparatively scarce in most yards, but late in July and 
throughout August, its numbers increased rapidly. At this time 
the hops were formed and the aphids in many cases had penetrated 
between the bracts, so that it seems doubtfu,l whether effective 
spraying could have been done after the conditions had become at 
all alarming. Once inside the hops, the aphids continued to increase 
up to picking time, producing the usual honey-dew, accompanied 
by a black mold. This mold and honey-dew seriously affected the 
appearance of the hops and where the aphid attack came early the 
hops were much dwarfed. Thus, the aphid contributed to make 
the 1914 crop of hops for New York, the poorest for several years. 

SCOPE OF THIS WORK. 

. The work reported in thi.s bulletin is a continuation of investi­
gations and experiments conducted under 'the direction of Cornell 
University Station from 1910 to 1912 and published in Bulletin No. 
328 of that station. It has seemed desirable to continue the test­
ing of control measures in order to learn under ~hat conditions they 
will prove effective and whether they may be relied upon under the 
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different weather conditions always experienced in a period of 
several years. At the same time, some studies and observations 
have been made on certain phases of the life history of the mildew 
fungus, which, it is believed, have an important bearing on the 
method of control. Practical control measures have been carried 
out on a large scale by hop-growers in cooperative associations. 
Statistics of this work are thought to be valuable as a measure of the 
practicability of these control methods. These things are here 
considered because it is believed that they will contribute to a 
better understanding of the disease and its control. 

OBSERVATIONS ON LIFE HISTORY OF THE FUNGUS. 

MATURATION AND DEHISCENCE OF THE PERITHECIA. 

Salmon 2 has described the dehiscence of the perithecia of this 
fungus. He gathered hop· leaves bearing perithecia in January 
and found that, after they had been kept three or four months in . 
the qry condition, they would dehisce if placed in water. The 
writer has found, on the contrary, that perithecia on leaves and hops . 
collected during the springs of 1913 and 1914 were in condition to 
dehisce at once without being kept under dry conditions. When 
collected early in the winter they dehisced better if kept out of 
doors under as nearly natural conditions as possible. Parts of vines 
bearing mildewed hops and leaves were collected in two localities 
on April 4, 1913. Most of these were taken from vines that had been 
stripped from the poles and lay in piles on the ground over winter. 
When brought into the laboratory on April 6, perithecia from both 
lots were found to be in a condition to dehisce at once; and when 
last tried, on May 21, they were still capable of dehiscing. 

During the winter of 1913-14 several lots of perithecia were 
secured that were capable of dehiscence. One lot, collected about 
the middle of November from hops grown in the greenhouse, was 
placed out of doors in a protected place. Another collected near 
Index on December 10 from a yard ruined by mildew, was divided 
into two parts, one of which was placed out of doors, and the other 
kept in the laboratory. Trials made early in December with peri­
thecia from the hops taken from the greenhouse and placed out of 

2 Salmon, E . S. Notes on hop mildew (Sphaerotheca Humili (DC.) Burr.). Jour. 
Agi-. Sci. 2:327-332. 1907. 
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dllll l'H in November indicated that some were nearly ready to dehisce. 
1'llI iI, is, the perithecial wall burst in a number of cases and the ascus 
III hi swelled to the dimensions usua,lly attained before the expulsion 
fir Hpores. However, dehiscence did not actually take place in any 
OliH J'ved instance. Leaves of the same lot bearing perithecia were 
Illought into the laboratory on January 20. At this time, within 
I Il minutes after placing in water, many perithecia were found with 
1.11 ir walls split at the apex and the asci swollen to the size of the 
II I'iginal perithecia. From a few the spores had been discharged 
I (, the end of thirty minutes. 

Of the hops collected at Index on December 10 and placed out of 
cloors at Ithaca, some were brought in on February 20, but the 
p rithecia did not seem ready to dehisce immediately. When they 
were placed on moist blotting paper in a petri dish, dehiscence took 

. I 

place in the course of three days, and spores were found on a slide 
uspended above them. Others brought in on March 24 and treated 

flimilarly were found to have dehisced on the 26th and in some 
instances the ascospores had germinated and the germ tube had 
grown to two or three times the length of the spore. Dehiscence 
took place more rapidly in the case of perithecia from hops left out 
of doors until April 14. 

Another lot of leaves and hops bearing perithe'cia was collected 
from the same field at Index on March 27, 1914. These dehisced 
readily on being brought to the laboratory and placed in water. 

Frequent trials were made during the two years with perithecia 
from leaves and hops brought into the laboratory and left several 
weeks in the dry condition .. No improvement in the dehiscence 
was ever noticed from this treatment. Perithecia which were not 
capable of dehiscing when brought into the laboratory did not 
become so later by being kept in a dry condition. 

These observations seem to indicate that perithecia are mature 
and ready to discharge the spores which cause infection as soon as 
the weather is sufficiently warm and moist. 

The manner of dehiscence of perithecia has been repeatedly 
observed by the author.' Within a few minutes after being placed 
in water, the perithecia begin to split at the apex. The tip of the 
ascus immediately slips out through this slit pushing it wider open. 
The ascus continues to swell , though apparently restrained by the 
friction of the walls of the perithecium, until sufficient pressure is 



34 

developed to enable it to slip farther out, usually with a rather sudden 
movement. However, the basal end of the ascus remains within the 
perithecium throughout the process of dehiscence as described by 
Salmon. Frequently, the splitting of the perithecium and the 
swelling of the ascus to near the bursting point occupies only a 
few minutes. Usually a longer period, sometimes a half hour or 
more, then elapses before sufficient tension is developed to effect 
the rupturing of the tip of the ascus. The spores are then suddenly 
shot out and the ascus collapses, allowing the perithecium to close 
partially. 

In April, 1913, a few tests were made to determine the height to 
which spores are shot. Pieces of old leaves and hops were placed in 
the bottom of a moist chamber with slides supported above them. 
In one case where a slid.e was placed so as to be 5 millimeters 
above the perithecia at one end and 9 millimeters at the other, 
spores were caught throughout its length. In another case they 
were caught on a slide 1 centimeter above the perithecia, but much 
more abundantly on another slide at a height of 5 millimeters. 
Frequent cases were recorded where the spores were shot to a height 
of 5 millimeters. 

INOCULATION EXPERIMENTS WITH ASCOSPORES. 

The inoculation experiments here recorded were made on hop 
plants in a greenhouse at Ithaca. In the spring of 1913 two series 
of inoculations were made - one with ascospores caught on glass 
slides placed above perithecia, the other with the perithecia them­
selves. Two others, with perithecia, were made in the spring of 
1914. In all four series of inoculations both the inoculated plants 
and the check plants were covered with bell jars for about 36 hours 
after inoculation. No mildew occurred on any of the check plants 
and there was no mildew on any hop plants in the greenhouse previous 
to the time of the first inoculation in either year. The perithecia 
used for inoculation were taken from hop leaves over-wintered out 
of doors. Spots became visible on inoculated leaves in 7 or 8 days 
in each case. At the end of 10 days or 2 weeks, the spots had 
increased in size so as to be easily seen ·at some distance and were 
comparable in size with spots easily discoverable in the field. Such 
a spot 10 days old as seen through a microscope is shown in Plate I, 
fig. 1. The mycelium showing faintly may be seen spreading in 



FIG. I.-Hop MTLDEW SPOT TEN ·DAYS OLD. 
(Magnified 50 t imes .) 

FIG. 2.-Hop MILDEW SPOT TEN DAYS OLD. 
(Magnified 95 times.) 

PLATE L 
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all directions from a common center. In the center of the spot 
could sometimes be discovered the ascospore from which the spot 
started with four or five mycelial strands running out from it. The 
mature conidiophores may be seen in Plate I, fig. 2 in the center of 
the spot with a gradation to the youngest beginnings of conidio­
phores toward the periphery of the spot. The branching mycelium 
extends far beyond the point where conidiophore formation has begun. 
Earlier examinations of leaves, inoculated at the same time, showed 
that at the end of three days conidial fOI'Ination had not yet begun 
in most instances, but that the spot consisted of fine mycelial fila­
ments spreading and branching in every direction from the original 
ascospore. At the end of six days, the mycelium had spread and 
branched more extensively and usually a few (5 to 10) conidiophores 
had been formed in the center. The formation of conidiophorE's 
is the principal factor in making the mildew spots apparent to the eye. 

HOP MILDEW AND STRAWBERRY MILDEW. 

An interesting observation was made during the early part of the 
season of 1914. On a hop farm near Cooperstown, part of the 
yards had been plowed up two or three years previously and on 
about an acre of this land strawberries had been set in 1913. At 
the same time, as is usual, many of the old hop roots had not been 
entirely removed, so that living hop plants were scattered through 
the yard among the strawberries. On June 12 the writer's attention 
was directed to this bed of strawberries which at that time appeared 
severely affected with powdery mildew. Search was then made of 
the bearing hop yards remaining on the place and also of the vines 
intimately entangled with the strawberries without finding any 
mildew yet on the hops. The fact that the strawberries were so 
thoroughly infested with mil~ew when none could be found on the 
hops interwoven with th~ indicates that the mildew on the straw­
berry is a different biologic form of Sphaerotheca humuli from that 
on the hop. This is in accord with the view, now generally accepted, 
that the hop mildew is a specialized biologic form which is con­
fined to the hop and its near relative, Humulus japonicus.3 

3 Salmon, E. S. On the specialization of parasitism in the Erysiphaceae II. New 
Phytol. 3: 118-121. 1904. . 

Salmon, E. S. Notes on the hop mildew (SphaerothecaH1/,muli (DC.) Burr). Jour. 
Agr. Sci. 2:330--332. 1907. 

Steiner, J. A. Die Spezialisation der Alchimillen-bewohnenden Sphaerotheca 
Humuli (DC.) Burr . . Centbl. Bakt. [etc.] 2:21: 677-736. 1908. 
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RELATION OF SPREAD OF MILDEW TO WEATHER. 

REVIEW OF LITERATURE. 

In the early history of this disease, as probably with most others, 
many and .varied were the attempts to ascribe it to some kind of 
weather. This proved easy enough for one year at a time, but in 
the course of time, as seasons varied, it has been charged against 
nearly all possible kinds of weather. To quote a few of these, 
Rutley 4 says, "The mold is most prevalent in moist and warm 
summers." Paine 5 writes, "We believe it to be a parasitical 

. vegetable fungus, usually generated in wet seasons and damp situa­
tions." Whitehead 6 in various papers has offered theories and 
observations. In 1881 he states, "It is commonly believed that 
the hop plant is predisposed, by an unhealthy and abnormal con­
dition, to be affected by mildew or mould; . . .' A sudden check, 
caused by spring frosts or cold weather, may bring about this pre­
disposition." In a later paper (1881) he writes, "In 1860, the 
wettest summer of the present century, the entire crop upon thousands 
of acres was utterly ruined by it. In this last summer, one of the 
most dry of this century, many hOp grounds yielded nothing on 
account of its attacks upon the cones." In 1910, Percival 7 writes, 
" If the nights are cold and damp and tht hop plants in a backward 
or weakened condition, the patches soon increas.e in size." In 
another place in this article he seems willing to attribute the attacks 
of mildew to nearly any kind of weather; he says, " Anything which 
reduces the vitality of the hop - such as cold damp nights, long 
continued drought, or wet weather and lack of proper sunshine and 
fresh air - indirectly aids mold in its ravages." Salmon 8 speaking 
of Sphaerotheca hU'lnuli occurring on strawberry writes, "As regards 
the climatic conditions favorable to the disease, there seems to be a 
consensus of opinion among gardeners that these are to be found in 

• Rutley, Samuel. On the best mode of managing hops in its various branches, 
Jour. Roy. Agr. Soc. 9:532- 582. 1848. 

b Paine, J . M . Hop. A Cyclopedia of Agriculture, London (Blackie and Son), 
p.57. 1856. 

6 Whitehead, Chas. Hops. p. 55. 1881. 
Whitehead, Chas. The hop mildew or "mould," Podosphaera castagnei Lev. 

Ann. Rpt. Great Britain Agr. Advisor 1887:33-42. 
7 Percival, John. Hop mildew . . Agricultural ~otany, Theoretical and Practical. 

pp. 749-756. 1910. 
8 Salmon, E. S. The strawberry mildew (Sphaerotheca Humuli (DC.) Burr.). 

JOUT. Roy. Hart . Soc. (London) 25 :132- 138. 1900- 1901. 
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Ild d (l l\ alterations of temperature, especially in a decrease of tem-
1"1 ",Lure during th~ night, or a cooler temperature followed by hot 
111'lLI,her." He also found that conidia germinated better after 
Ilt'illl!; cooled for a time. According to Norton 9 the spread of rose 
1111111 w is favored in the greenhouse by drafts of cool air coming 
II ILL ventilators, crevices, broken glass, etc. Bondarzew 10 concludes 
Imtn germination and inoculation experiments with conidia of 
8. humuli on hop in May, when the temp~rature was low and the 
WUl,ther moist, and in June, when the temperature was high (20-
')/jo C.) and weather moist, that warm, moist weather is favorable 
rot' the development of this fungus. Ward 11 in 1901 has expressed 
I similar opinion in regard to wet weather: "It is only in certain 
~Ul,sons, when the air is damp for some time, that these conidial 
HClgments are developed in any quantity, but when such is the case 
Liley are so numerous, and so easily carried from plant to plant, 
I,hat no wonder need be expressed at the rapid spread of the disease; 
moreover it is in just such seasons that the hQp leaves and 'cones' 
Itre particularly tender and watery, their cell walls thin, and their 
rccuperative power low, whence we have other important factors 
favourable to the spread of the fungus. Finally, it is in such wet 
surroundings that the conidia meet with the best conditions for rapid 
germination." . 

OBSERVATIONS FROM 1912 TO 1914. 

The writer has pointed out in a previous bulletin 12 that the 
appearance of new mildew spots on the hop seems to follow ten days 
or two weeks after the rainy periods. This conclusion was arrived 
at from two series of observations, one made at WaterviIle and the 
other at Milford during the year 1912. Similar records have now 
been made for ,the years 1913 and 1914 for two places in the hop­
growing section of the State. These are charted in Figure 1 to show 
time and amount of rainfall and times of appearance of principal 
infections. The records at Cooperstown were made by the author; 
the others, by men engaged in inspection work for the hop growers' 
associations at Waterville and Milford. 

9 Norton, J . B. S. Rose mildew. Maryland Sta. Bul. 156:76-78. 1911. 
10 Bondarzew, A. S. (In Russian.) The powdery mildew disease of hops and 

control experiments in a hop yard of Miskovsky of the Kostroma district. J ahrb. 
Pjlanzenlcr . (St. Petersburg) 2: 16- 28. 1908. 

11 Ward, H. M. The hop disease. Diseases of Plants pp. 153- 155. 1901. 
12 Blodgett, F. M. Hop mildew. New York Cornell Sta. Bul. 328: 290-291. 1913. 
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In Fig. 1, heavy horizontal lines separate observations for different 
places and for different years in the same phwe. Beginning at the 
top, there appears, above the first line, the record of rainfall and 
appearance of new mildew infections for Waterville in 1912, then 
below in order, Milford in 1912, Waterville in 1913, Cooperstown 
in 1913, Cooperstown in 1914 and Waterville in 1914. 

The spaces between the light vertical lines represent periods of 
time of one day each. The heavy vert.ical lines divide the time into 
ten-day periods. The amount of rainfall occurring on each day is 
indicated by the height of the black areas; the distance to the first 
light line in each case r~presenting a half inch and to the second line 
one inch. Rainfall not measured, but estimated, is represented by 
an outlined area containing an X . Mildew infections are repre­
sented by outlined areas. 

By reference to the part of the chart representing Waterville 
for 1912, it will be seen that the first mildew infections were found 
appearing in a few yards on June 18 and 19, probably having started 
during a rain occurring on June 6. Many light infections were found 
in yards from the third to the sixth of July which seem to have 
started in the showers of June 20 and 21. Heavier infections appear­
ing on July 15 and 20 appear to have started on July 4 and 9 respec­
tively. For the remainder of the season, rains occurred more fre­
quently and infections came closer together until, during the last 
of August and early September, it became quite impossible to dis­
tinguish between individual infections . . During the latter part of 
the season observations were made in new yards. In general, it 
may be said of the season of 1912 at Waterville, that only a few 
mildew spots could be found till about the middle of July. At this 
time there seemed comparatively little danger to the crop from 
mildew. During the last of July and during August, however, 
the rate of increase was so rapid that many yards not sulphured, 
or sulphured little, were lost. 

At Milford in 1912, the conditions were very similar. A few 
slight infections were observed on June 10. No record is available 
of the weather conditions previous to June 7, so during what 
rain this started is not known. Further infections appeared from 
June 18 to 20 as at Waterville, having started in the rain on June 6. 
A light shower on June 12 (which did not occur at Waterville) gave 
rise to mildew on the 25th. No observations were made during the 
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period from June 27 to July 5 inclusive. New mildew spots were 
observed in many places on July 6. These would probably have 
been discovered earlier, as at Waterville, had observations been 
made. Throughout the remainder of the season, the rains occurred 
frequently, as at Waterville, followed quite regularly by the appear­
ance of mildew in ten days. The principal variation from the 
condition at Waterville was the occurrence of a larger number of 
early infections. 

In 1913, a visit was made to Waterville about June 1st when no 
mildew was found. No further observations were made until June 17.' 
It is not known, therefore, whether any iufection might have been 
found previous to the 17th. The mildew found on that date seemed 
to be comparatively fresh and could probably be attributed to the 
rain on the seventh of June. Light showers on the 15th followed 
by a week of showery weather gave rise to new infections of mildew 
which appeared from June 24 to July 1. Rains June 25 to 28 were 
followed by the appearance of mildew from July 8 to 12. Following 
this there appeared many very slight infections (July 18 and 19) 
probably traceable to the showers of July 6 and 7. Heavier infecti.ons 
were reported in a few cases from the 24th to 28th following the rains 
of July 11 and 14. No record was made in 1913 of the infections in 
the new yards after the hops had been picked in the bearing yards. 

At Cooperstown, in 1913, no record of mildew infections was begun 
until June 17 though mildew had been found in quantity in an 
abandoned yard on the third of June. When observations were 
begun again on June 17, fresh mildew spots could be found in a 
number · of yards, probably having started in the rains of June 6 
and 7 as at Waterville. Rains occurred in Cooperstown on June 19 
and 20 and there was some evidence of light infections on July 2 
and 3 though comparatively few observations were made at. that 
time. Rains on July" 5 to 9 gave rise to infections which began to 
appear on July 17. Rains on July 21 and 24 were followed by 
infections on July 31 and August 5. A very general infection which 
began to appear on August 13 originated in rains beginning August 2. 

At Cooperstown in 1914, the rains were more frequent and heavier 
so that it soon became difficult to distinguish between different 
infections. Accordingly, the chart shows only periods of heaviest 
and most general infection. The first infections recorded on June 6 
apparently began at an earlier date than any rain shown on the chart 



41 

Illtd before any weather record had 'been begun. No further infec­
t,ions were recorded until June 18. These clearly started in the rains 
01\ June 7 and 8. A new, light, but more widely spread infection, 
nppeared on June 23 and 24, having started in showers on June 15. 
A. rain on June 19 would have led one to expect mildew about June 29, 
but as this was a very rainy period no observations were made. 
Heavy infections resulting from rains in the last day~ of June were 
reported from July 6 to 8. Observations were again .interrupted 
by rains, but heavy infections were again reported on July 13 and 
heavier ones three and four days later. On the last two days 
mentioned the spots appeared extraordinarily healthy. New spots 
were not only numerous but the production of spores on all spots 
was heavy. 

Some new infections of mildew might have been expected about 
the tenth of August, or soon after this, but there was an interruption 
in observations 'from the eighth to tenth and rains on the tenth and 
eleventh and beginning again on the fourteenth caused a further 
interruption. Some indications of such an infection were noted on 
the thirteenth in limited observations. More , decided increases 
in mildew began to appear about August 20. Following this, increas­
ing amounts of mildew could be found on hops till picking time ~nd 
thereafter on the plants in the new yards till the middle of September. 

No rainfall record was made at Waterville in 1914. The rainfall 
as shown on the chart is the average for the five Weather Bureau 
Stations nearest Waterville. For the most part rains occurred at 
these different places at the same time so that the dates of the 
general rainy periods at Waterville may at least be relied upon as 
given by the chart. From June 14 to 22 no observations were made, 
else the infections noted on June 23 and 24 might probably have been 
found sooner. Rains were frequent, as at Cooperstown, followed by 
correspondingly frequent mildew infections. 

MILDEW INFECTION TAKES PLACE DURING RAINS. ' 

Thus it appears that th~ new mildew spots begin to show about 
ten days after rainy periods. This, to the writer, seems to be the 
most important relation of the increase of mildew to weather con­
ditions. In the effort to discover the relation of the weather to the 
spread and growth of the mildew, a daily record was made also of 
the maximum and minimum temperature and relative humidity. 
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It seems altogether probable that eact! of the other factors may have 
some effect on the growth of the mildew but their influence is not so 
apparent. 

The field observations reported above seem to indicate that the 
spores of the mildew, like the spores of many other fungi, germinate 
and begin to grow during wet weather. The length of time between 
these wet periods and the appearance of new mildew spots cor­
responds well with that between the sowing of spores and the 
appearance of mildew in artificial infections. 

This seems to be in accord with many of the statements previously 
referred to, namely, that the worst epidemics have occurred in wet 
seasons. At the same time, in comparatively dry seasons a few rains 
at critical times could easily account for heavy losses. The writer 
has frequently seen yards in which it was very difficult to find 
mildewed spots on the leaves, yet a heavy infection of the flowers or 
young hops nearly or quite ruined the crop. 

The importance of a knowledge of this relation between rain and 
mildew infection seems to be that it affords the hop-grower a guide 
as to when he may expect new attacks of mildew on his hops. It 
should, therefore, be of assistance in its control. Clearly, it becomes 
important to sulphur after each rain unless the hops were well 
covered with sulphur before the rain and the rain not heavy enough 
to remove it. 

OTHER CONDITIONS AFFECTING GROWTH OF MILDEW. 

That there are other influences which affect the growth of the 
mildew is very apparent. Yards near enough together to be equally 
affected by periods of wet weather frequently show great differences 
in severity of mildew attacks though new spots may appear in both 
at the same time. Different varieties and even different leaves on 
the same plant vary in susceptibility. Named in order of sus­
ceptibility beginning with the most susceptible, the New York 
varieties would be arranged as followfl: Canada red vine, English 
cluster, Humphrey and native red vine. No serious injury has 
been noticed, so far, on the native red vine variety though planted 
near badly infested yards and, in some instances, scattered through 
yards of a susceptible variety. It is said to be a light yielder, how­
ever. 
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On individual vines the younger leaves or other growing parts lo\re 
IIlot; t susceptible to the mildew. Early in the season the mildew 
III1W be expected on any of the leaves of the plant, but after the 
lI 'aves near the base have developed to · their full size though still 
1(" en and healthy, new infections are much rarer on them than 
011 leaves of young arms or near the tips of the vines. The flowers 
lind young catkins (" cones" or "burs") are especially susceptible. 

It may be said, also, that the spots seem to enlarge most rapidly, 
I ok most healthy and sporulate most abundantly at a time when 
c:onditions are such as to cause a rapid development of the host 
plant, i. e., in warm, moist weather. In 1914, such a period was 
noticed about July 16. Frequent, heavy rains between the last of 
,June and the tenth of July were followed by five or six days of com­
paratively warm weather. On the sixteenth, then, the mildew 
spots appeared particularly healthy. The conidiophores, which in 
continued dry weather are few and scattered, were now numerous 
and producing conidia in abundance. Indeed, the spores were so 
abundant that they could be shaken from the leaves in clouds. 

Similar conditions have also been observed earlier in the season, 
in places where the mildew obtained an early start. In such cases, 
the mildew has frequently been found completely covering young 
leaves, petioles and tender stems. Later in the season, when the 
leaves have more nearly reached their full development, the mildew 
is usually confined to circular spots on the leaves which frequently 
do not reach the size of one centimeter in diameter. 

Of some interest in this connection are the observations recorded 
by Halsted 13 and by Anderson and Kelsey.14 In each case it was 
found that the powdery mildew developed more luxuriantly on 
parts of plants that had been stimulated by mites to form dis­
tortions. Halsted found perithecia of Sphaerotheca abundant in 
the buds of hackberry which had been affected by mites. Anderson 
and Kelsey found the mildew and mites togeth~r on a number of 
plants and concluded that in every case where these forms of animal 
and vegetable life are so associated, there is a more vigorous develop­
ment and earlier maturity of the fungus than under ordinary cir-

13 Halsted, B. D. Notes on Sphaerotheca Phytoptophila, Kell. and Swingle. Jour. 
Mycol. 5: 85-86. 1889. 

14 Anderson. F. W., and Kelsey, F. D . Erysiphere upon Phytoptus distortions 
Jour. Mycol. 5: 209-210. 1889. 
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cumstances. This seems to be in accord with what has previously 
been said about the growth of the fungus on the younger and more 
tender parts of vines. During the summer of 1914, it happened 
that a woodchuck ate off the vines in one corner of a yard after they 
were well started up the poles, with the result that these vines 
started many new shoots which were more tender and less mature 
than the vines in the other parts of the yard. The further result 
was that these vines were soon covered with mildew though treated 
in the same way as the rest of the yard which was but slightly 
affected. 

On the other hand, it has been observed several times in abandoned · 
yards where mildew has attacked th~ plants particularly early an'd 
been allowed to go uncontrolled,that as the growth of the hops 
became checked because of lack of cultivation and the presence of 
grass and weeds, the mildew spots, also, stopped spreading on the 
leaves and the mildew no longer looked healthy. 

Thus it appears that there are some factors in the condition of 
the hop plant which greatly affect the rate of development of mildew. 
Favorable conditions seem to be found principally in the younger 
growing parts of plants but in what these conditions consist has not 
been determined. 

USE OF SULPHUR IN THE CONTROL OF MILDEW. 

HISTORICAL. 

Sulphur has long been used for the control of various powdery 
mildews, more particularly those of the grape and hop. Stevens 
and Hall l5 attribute the discovery of the use of sulphur for this 
purpose to Robinson in 1821 who is quoted as stating, "Sulphur is 
the only specific remedy that can be named for the treatment of 

. mildew on peaches. I t should be mixed with soapsuds and then . 
applied by dashing it violently against the trees by means of a rose 
syringe." It did not come into general use until after 1850 or until 
the powdery mildew became a scourge to the grape vines of Europe. 
It was apparently then rediscovered by Tucker 16 who is quoted as 
having first used a mixture of sulphur and lime for the control of 

15 Stevens, F. H., and Hall, J. G. Diseases of economic plants. p. 7. 1910. 
16 Tucker, E. Letter of E. Tucker to Gaschet. Documents pour servir a l'etude 

de la Maladie de la Vigne. pp. 12- 14. Pub. by the Linneenne society of Bordeaux. 
1853, 
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IIIiM (lisease in 1845. Reference to its use is made by a number 
"I authors beginning with von Mohl l7 in 1852, Mares 's in 1855 
/l licI others. The powdery mildew of grapes which did its maximum 
"/Image in France in 1854 was so speedily controlled that normal 
I'l'Oduction was reached again in 1859. 

I t seems that comparatively little is known about the early use of 
/'udphur on hops. Apparently its use on hops followed its success­
fil l use in the control of grape mildew, though the mildew had been 
present on the hop in England about a century and a half earlier 
(,han on the' grape. An article, probably by Berkeley,'9 in 1869 
Heems to assume that sulphur would be as effective against the mildew 
on the hop as on the grape. Whttehead 20 wrote that sulphur had 
been of great use to the hop growers for the 25 years previous. At 
Lhe time of his writing the practice of sulphuring hops was well 
established. 

Mixtures of flowers of sulphur and lime were early recommended 
but seem to have been used comparatively little, though such recom­
mendations may be found in the recent as well as in the older litera­
ture.21 

Flowers of sulphur was first used because it was the only kind of 
fine sulphur then manufactured, but, later, the grinding of sulphur 
was much perfected and flour sulphur to a considerable extent has 
replaced the flowers of sulphur in some countries of Europe. 

In the meantime, the question of how sulphur acts has been 
attacked and various theories have been made the basis of recom­
mendations. It is not the writer's purpose in this bulletin to review 
all of the work or opinions ' on this subject. The earlier work has 
been reviewed by Sestini and Mori,22 Windisch 23 and other writers. 

17 Mohl, lfugo von. Die Traubenkrankheit. Bot. Ztg. 10:9- 15. 1852. 
18 Mares, M. Sur la rnaniere dont la fleur de soufre agit contre Ie rnaladie de la 

vigne. Compt. Rend. Aead. Sci. (Paris) 2:41 :397-399. 1855. 
19 B[erkeley), M. J. Hop. In a Cyclopedia of agriculture, by Morton. 2: 66- 67 . 

1869. 
20 Whitehead, Chas. Hops. pp. 55- 58. 1881. 
21 Tucker, E. 1853 I. c. 
Ward, H . M. Diseases of plants. p. 161. 1901. 
Galloway, B. T. Powdery Inildew of the bean. Jour . Myeol. 5:214. 1889. 
Duggar, B. M. Fungous diseases of plants. p. 90. 1909. 
Lodernan, E. G. The Spraying of plants. pp. 174-176, 307. 1906. 
22 Sestini, F., and Mori, A. In qual modo opera 10 zolfo sull'oidio della viti. Staz. 

Spero AgT. Ital. 19:257- 278 .. 1890. 
23 Windisch, Karl. Ueber die Wirkungsweise, Untersuchung und Beschaffenheit 

des zur Bekampfung des Oidiums dienenderi Schwefels. Landw. Jahrb. 30 :447-495. 
1901. . 
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It has been shown, principally by Moritz,24 Basarow,25 Mach and 
Portele 26 and Sestini and Mori,27 that there is a certain amount 
of sulphurous acid formed in a sulphured vineyard and it has been 
quite generally accepted that this is an active agent in killing the 
mildew. Sestini and Mori also showed that the sulphurous acid 
formed is changed, in part at least, into sulphuric acid. Pollacci 28 

has shown some of the conditions under which the oxidation of sulfur 
takes place and agrees that the end product is sulphuric acid. 

In this connection should also be mentioned the work of Kramer 29 

who performed an experiment in which sulphur was heated to a 
moderate temperature as in the use of this material in the green­
house, and found that the principaJ product was sulphuric acid. 
He believed that the efficiency of sulphur as used in the greenhouse 
is due to this acid and he found that dilute solutions of sulphuric 
acid are capable of killing the mildew. Marcille 30 has gone even 
farther and claims, on the basis of a few inadequate experiments, 
that the effectiveness of sulphur as used in dusting grapes out of 
doors is due to the sulphuric acid which it contains. He seems to 
believe that most of this is developed in the process of manufacture 
and very slowly afterward. On this basis he suggests that only 
flowers of sulphur should be used and that this should be manufactured 
to contain mOle sulphuric acid or that some less expensive carrier 
should be found for the acid. 

That there is a certain amount of sulphur vapor formed from 
sulphur at ordinary temperatures is well known and that this may 
have some effect on fungus parasites has been recognized by many 
writers. 

24 Moritz, J. Ueber die Wirkungsweise des Schwefelns als Mittel gegen den Trau­
benpilz (Oidium Tuckeri). Landw. Verso Stat. 25: 1- 4. 1880. 

2/; Basarow, A. Weinlaube 14:529. 1882. Cited in Landw. Jahrb. 30:451. 1901. 
26 Mach, E., and Portele, K. Zur Frage ueber die Art und Weise, in welcher der 

zur Bekampfung des Oidiums angewendete Schwefel wirkt. Weinlaube 16:433, 265. 
1884. 

21 Sestini, F. and Mori, A. 1. C. 1890. 
28 Pollacci, E. Ossidazione spontaneae del solfo' e dei solfuri mettalloidici e metallici. 

Monit. Sci. 4;32 :372- 375. 1908. Same. Atti. Congo Chim. (Roma) 1:482--488. 
1907. 

29 Kramer, H. Dilute sulphuric acid as a fungicide. Proc. Amer. Phil. Soc. 
45:157-163. 1906. 

30 Marcille, R. Sur Ie mode d'action du soufre utilses pour combattre l'oidium 
Compt. Rend. Acad. Sci. (Paris). 152:780-783. 1911. 
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Mach and Portele not only considered how sulphur acts but which 
kin.d is most effective. They tried to solve this problem by deter­
mining the amount of sulphurous acid formed with different kinds of 
tilllphur under the same conditions. They found in a limited number 
of experiments that a larger amount of sulphurous acid was formed 
from the finer material. They also found that the amount of sul­
phurous acid increased with an increase of temperature. The 
n.umerous published recommendations, which for the most part 
favor the use of flour sulphur, seem to be based in part on these 
experiments, but very largely, also, on other considerations, as 
follows: 

(1) Flowers of sulphur has been largely replaced by ground 
sulphur in use in the vineyards of Europe. At first flowers of sulphur 
was exclusively used for the reason that ground or flour sulphur 
was not then made. Since ground sulphur as fine or finer than 
flowers of sulphur has been on the market, it has grown in popularity 
with the vineyardists until it has superseded the flowers of sulphur 
to a considerable extent. 

(2) Ground sulphur may be made finer than flowers of sulphur if 
sufficient care is used in the grinding. The finer sulphur should 
be more active because the rate of oxidation and of vaporization 
depends in part on the area of surface exposed. This would be larger 
per unit weight for the smaller particles, and for the irregular 
particles of flour sulphur as compared with the spherical particles 
of flowers of sulphur of the same size. The small quantities of 
sulphurous and sulphuric acids always contained in flowers of 
sulphur should be rapidly balanced in favor of the finely ground 
sulphur by the more rapid oxidation of the latter. Fine sulphur 
may also be spread more evenly and widely. 

(3) The particles of flowers of sulphur, being spherical or nearly 
so, will not cling as tenaciously to vine parts as do the irregular, 
sharp-cornered particles of the flour sulphur. 

(4) The process of manufacture of flour sulphur is such that a 
uniform product is readily obtained. The process is one of grinding 
which may be continued until the desired fineness is secured. · To 
obtain a uniform quality of flowers of sulphur involves maintaining 
a large building used for a condensing chamber at a uniform tem­
perature und~r the varying weather conditions throughout the year. 
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If the temperature is too high the particles fuse, thus altering the 
fineness of the product. 

Further statements in literature seel}l to deal principally with 
observations or preferences. No data from field tests of different 
kinds of sulphur are available. Guillon 31 states that he undertook 
such tests but found them impracticable. 

There still persists, however, in many general treatises, the state-
. ment that flowers of sulphur 32 may be used for the control of certain 
mildews; also, recommendations for the use of a mixture of lime and 
sulphur. In many cases no reference is made to any other kind of 
SUlphur, to present practice in vine-growing countries or to recom­
mendations of specialists in mildew control. 

From what has been said, it is seen that there exist a considerable 
variety of recommendations which are rather puzzling when one is 
first confronted with them. Many recommendations found seem 
to be quite indifferent as to the kind of sulphur but consider more 
important the purity and the fineness as determined by the Chancel 
test. 

FIELD EXPERIMENTS COMPARING DIFFERENT KINDS OF SULPHUR. 

GENERAL PLAN. 

When, quite suddenly, the mildew became a serious menace to 
the hop crop of New York State and it became desirable to know if 
sulphuring is a satisfactory means of control under the climatic 
conditions existing here, it was decided to tryout flowers of sulphur, 
fine flour sulphur and heavy flour sulphur and a mixture of lime 
and sulphur under field conditions with the hope of finding out, if 
possible, which is the most effective and of how much importance, 
approximately, are the differences in fineness. 

31 Guillon, J. M. Soufres et bouillies cupriques. Rev. Vito 19:651-655. 1903. 
32 Recommend the use of flowers of sulphur: 
Mohl, Hugo von. Die Traubenkrankheit. Bot. Ztg. 10:9-15. 1852. 
Koeth, Dael V. Ueber Traubenkrankheit. Ann. d. Oenologie 2: 118-121. 1872. 
Whitehead, Chas. Chap. 13. Hops. pp. 55-58. 1881. 
Galloway, B. T. Powdery mildew of the bean. Jour. Mycol. 5:214. 1889. 
Dufour, J. L'oidium. Ckron.Agr. Vaud. 8:229-234. 1895. 
Tubeuf, Karl von. Diseases of plants. pp. 170-171, 172, 177. 1897. 
Masee, George. A text-book of plant diseases caused by cryptogamic parasites. 

pp. 95-97 .. 1899. 
Salmon, E. S. Monograph of Erysiphaceae. Mem. Torrey Bot. Club 9:60. 1900. 
Duggar, B. M. Fungous diseases of plants. p. 90. 1909. 
Stevens, F. L., and Hall, J. G. Diseases of economic plants. p. 20. 1910. 
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11'01' this work a very good grade of flowers of sulphur was secured. 
'J'lii l:! kind of sulphur is ordinarily packed in 155-pound barrels and 
1M lL bright, golden yellow in color. Flowers of sulphur is sometimes 
in poor mechanical 'condition. The cause of this will be discussed 
011 page 69. Such sulphur does not feed through machines well. 
'J'he flowers of sulphur used in these experiments, so far as could be 
j lldged from general condition and taste, never contained a consider­
I,ble amount of acid and was in excellent mechanical condition. 

The heavy flour sulphur or ground sulphur was the ordinary 
p;rade of refined flour sulphur packed in 250-pound barrels. In 
'0101' it was a bright yellow but not as bright in color as flowers of 

sulphur. It was of such a fineness that about 75 per ct. would pass 
It 200-mesh sieve. . 

The fine flour sulphur or ground sulphur used was packed in 175-
pound barrels. In color it was a whitish yellow. To the touch this 
sulphur was very smooth and floury with no noticeable roughness 
such as may be noticed in the ordinary flour sulphur and flowers 
of sulphur. It was of such a fineness that practically all of it would 
pass a 200-mesh sieve. 

While it may be said, in general, that the finer sulphur is ground 
the less can be packed in a barrel, the amount packed in a barrel 
is not always an indication of fineness, as the barrels may not be 
full. So it happens that much sulphur on the market in 175-pound 
barrels is coarser than that mentioned above, the barrels not being 
full. 

With the three kinds of sulphur as above described, it was hoped 
that if there is any considerable difference in effectiveness between 
sulphur of different degrees of fineness, this could be detected and 
that the experiments would indicate the relative value of ground 
sulphur and flowers of sulphur. 

Our first experiments of this kind were made in 1912 in coopera­
tion with twelve hop growers. The results have been reported in 
Cornell University Agricultural Experiment Station Bulletin 328. 
In all cases the control was so nearly perfect that no distinction 
could be made between the two kinds of sulphur · used ...:.-. fine flour 
sulphur and flowers of sulphur. During the past two summers 
a number of other trials have been made. 

The general plan of these experiments has been to select yards 
badly mildewed the year previous and divide them into three or 



50 

four plats - one plat left untreated (usually on the windward side 
to avoid the drift of sulphur when treating the adjacent plats), 
one plat sulphured with flowers of sulphur, one with fine flour sulphur, 
and, in some cases, a fourth plat treated with heavy flour sulphur. 
The different kinds of sulphur were applied to the different plats 
on the same day and as nearly as possible in the same amounts. 
The sulphur used on each plat, at each application, was weighed 
and the amount recorded except in a few cases of cooperative experi­
ments when it was impossible for the writer to be present. In such 
cases the record was kept in parts of barrels per application or 
barrels of each kind for the season. The amounts actually applied 
varied from the desired quantities for several reasons. The machines 
could be regulated only roughly. The different kinds of sulphur 
necessitated different adjustments of the feeding device in order 
to distribute the same amount of material. 

The result of the different treatments was determined by two 
separate methods. A really satisfactory method seemed difficult 
to find. The total weight of the crop did not seem to be of any 
value as a measure of mildew control because mildewed hops, though 
of little value, or worthless nubs weigh nearly or quite as much 
as the healthy hops. Sorting the hops into grades containing 
those affected and ~hose not affected by mildew would be practically 
an endless task on any considerable area. Four or five thousand 
is not a large number of hops for a single hill. During the season 
of 1914, the following method was employed. To get samples, 
a trip was made through each plat, lengthwise, near its center, and 
small branches were removed from each vine without distinction, if 
such a branch were available. This seemed to furnish a satis­
factorily representative sample of the different yards and the different 
parts of the yards. These samples were sorted into three classes, 
those free from mildew, those slightly mildewed but marketable, 
and those so severely mildewed as to be unmarketable or valueless. 
The hops in each lot were counted. 

Considerable reliance has also been placed on an inspection of 
the yard shortly before picking. Slight mildew injuries to hops 
are almost at once apparent in the color and appearance of the 
hops before picking, much more so than in hops after they have 
been dried. It was therefore thought proper to place confidence to 
some extent in the judgment of dealers and growers who visited the 

, . 
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.I'/l.l'ds before picking, especially as it is customary to determine 
Ille quality of hops by inspection. As there is no uniform system 
of grading hops, or standards by which to compare any particular 
loL, except one part of the field with another or by.a rough estimate 
or losses, such judgments have proven hard to record satisfactorily. 
It may be said that in 1913, as in 1912, it frequently happened 
Lhat the control was so good on sulphured portions of the yards, 
that losses were quite imperceptible, while on 'untreated portions of 
the same yards the loss from mildew amounted to one-half or more 
of the crop, In 1914, however, with long and rather continuous 
rainy periods, there' was little opportunity for sulphuring and at 
few times was the weather favorable for the action of sulphur, Under 
such circumstances the tests of the different kinds of sulphur were 
more severe. The yard was rare, indeed., that did not show enough 
injury from mildew to furnish a basis for judgment on the relative 
merits of the different kinds of sulphur. At the same time local 
variations in each yard played no small part in the results obtained, 
so that different hop-growers reached quite different conclusions 
in regard to the different kinds of sulphur being tested. It becomes 
at once apparent that a true conclusion in this case can only be 
based on the results of experiments in a considerable number of 
yards, The drift of clouds of sulphur while distributing quite. 
excludes the possibility of dividing a hop-yard into numerous small 
plats to avoid this difficulty, 

DETAILS OF EXPERIMENTS. 

King farm, yard No. 3, 1914.- In 1913, this yard had been 
used for an experiment comparing a mixture of sulphur and lime 
with flowers of sulphm alone and it became badly mildewed, The 
year previous it had suffered a complete loss due to mildew. It is 
located near the top of Burke Hill, Index, N. Y, and is situated 
on the slope of the hill facing the west, I t was divided so that 
a strip seven rows wide and twenty-seven hills long was left on the 
west side untreated, The adjoining plat, fifteen rows wide and forty­
nine hills long was dusted with flowers of sulphur. The third plat, 
fifteen rows wide and forty-nine hills long, was dusted with an equal 
amount of fine flour sulphur, 

The following table gives a record of the sulphuring of this yard: 
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TABLE 1.- SULPHURING IN KI;NG YARD No.3, 1914. 

DATE. 

June 25 ..... .. . . . .... ... . . . .. . . . . 
July 22 ..... . . .. . . . . . . . . . .. . . . . 
July 28. . .... . ... . 
August 4... . . . ....... . 

Avera~e ... 

SULPHUR PER ACRE. I 

Flowers. Fine flour . i. 

Lbs. Lbs. 
60 72 
73 71 
72 61 
72 58 

69 65.5 

Date of first 
rain following 

sulphuring. 

June 28 and 29. 
July 23. 
July 28 and 29. 
Aug. 10 and 11. 

Mildew was first observed in this yard on June 24. At that 
date a few spots were found scattered quite evenly about the yard. 
The applications of sulphur to this yard were followed closely by 
rains with the exception of the treatment on August 4, following 
which there was about a week of fair weather. No significant 
increase in mildew was noticed until July 13 and 17. This was 
checked somewhat by the treatments on July 22 and 28. The sul­
phuring on August 4 was undoubtedly the most effective as the 
weather was favorable and the hops were just growing out. The 
weather allowed no further opportunity for sulphuring. 

During one of the storms this yard was severely damaged by hail 
so that a light yield resulted. Scattered hills in the yar:d were 
also injured by the hop aphid, but this injury was ignored in tabu­
lating results. 

Samples were collected on August 29 and classified as above 
described with the following results: 

TABLE II.- CONDa'ION OF Hops AT PICKING TIME IN KING YARD No.3, 1914. 

FREE FROM SLIGHTLY MIL- VALUELESS. 
Total MILDEW. DEWED . 

PLAT, number. 
Num- Per- Num- Per- Num- Per: 
ber. centage. ber. centage. ber. centage. 

U nsulphured .. . . . 1,601 . ' , .. . .. .... 68 4.25 1,533 95.75 
Flowers . .. . .. ... 1,259 874 69.4 275 21.84 110 8.74 
Fine flour ...... . 1 , 119 881 78.7 217 19.4 21 1.9 

• 
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From this table it is apparent that the untreated portion of this 
yard was a complete loss - in strong contrast to both of the other 
portions of the yard. The plat sulphured with fine ' flour sulphur 
was better than that treated with flowers of sulphur as also appeared 
very clearly by inspection of the yard. 

W edderspoon yard.- This yard was chosen because it had been 
severely attacked by the mildew the year previous, so that only 
about half of the yard was picked; also, because it was one of the 
first in which the mildew was discovered in the spring of 1914. 
The yard is located in a narrow valley formed by one of the streams 
emptying into the west side of Otsego Lake in a locality known 
as Pierstown. It is situated on the southern side of the valley on 
sloping land, with the lower end of the yard only a little above the 
level of the stream. 

Mildew was reported in this yard on June 6, 1914, and the repo\:t 
was verified a few days later by the writer although, at that time, 
most of the lower leaves had been removed by trimming in the 
hope of checking the spread of the mildew. No serious spread of 
the mildew was noted in this yard until June 23. 

The yard was divided into plats running up ap.d down the hill, 
with an untreated plat twelve hills square in the southwest corner. 
The following table gives a record of the sulphuring of this yard: 

TABLE III.- SULPHUIUNG IN WEDDEUSPOON YAUD, 1914. 

SULPHUU PEU ACUE . 

Date of first 
DA'l'E. rain foliowing 

Heavy sulphuring. 
Flowers. flour. Fine flour. 

Lbs. Lbs . Lbs . 
June 24 .. . . . ..... . . " . . . , . , . 51 69 56 June 28 and 29. 
July 10 .. ... . . .. . . . . .. . . . .. . 45 58 56 July 10. 
July 16. . . . . . .. . .. . . .. . . . .. 63 64 52 July 17. 
July 25 ..... . . . . . . . . .. . . . . 53 53 635 July 28. 
August 7. ..... . . .. . . . .. .. . . 83 . 62 62 August 10. 

Average . . . ...... 
·1 

59 61 58 
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It is apparent that none of these applications was very happily 
placed, four days being the longest period following a sulphuring 
before a lain. The application of July 10 was the most unfortunate 
as a heavy rain in the afternoon washed off much of the sulphur 
applied in the morning. 

As stated previously, an increase of mildew was noticed in this 
yard 'on June 23. This was more abundant in the part of the yard 
that was to be treated with flowers of sulphur. A further increase 
was noted on July 16 with a very heavy production of spores. The 
mildew continued considerably worse, up to picking time, in one 
end of the plat treated with flowers of sulphur. It should be re­
marked that this portion of the yard was also most severely affected 
the year previous. The unsulphured portion was on the other side 
of the yard and presumably the least likely to be affected . 

. Samples were collected from this yard on August 26 and sorted 
with the following results: 

TABLE IV.- CONDI'l'ION m' Hops AT PICKING TIME IN WEDDERSPOON YARD, 1914. 
, 

FREE FROM SLIGH'l'LY MIL- VALUELESS. 
MILDEW. DEWED. 

Total 
PLAT. number. 

Num- Per- Num- Per- Num- Per-
ber. centage. ber. centage. ber. centage. 

,.....-

Unsulphured . ... . 770 77 100 315 40 .9 378 49.1 
Flowers . . ...... . 1,105 899 814 176 15.9 30 2.7 
Heavy flour ... . . 681 598 878 77 11.3 6 .9 
Fine flour . . . .... 702 626 892 71 10.1 5 .7 

In this yard the unsulphured portion, while only a partial loss, 
still stood in marked contrast to the rest of the yard. .There seems 
no doubt that had it been on the side of the yard treated with 
flowers of sulphur, the loss would have been total. 

The table represents the observed condition of the yard very well. 
One end of the plat dusted with flowers of sulphur seemed equally 
good ,vith the rest of the treated part of the yard, while the other 
end was considerably damaged. 

Utter yard, Cherry Valley.- This yard was chosen because it 
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had been so severely attacked by the mildew the year previous that 
only a small part of the yard was picked. It was also one of the 
first yards attacked by the mildew in that section in the spring of 
1914. The yard is located at a medium elevation and is nearly 
level, except at the eastern end, where one side runs up the side of 
a smalllmoll. In 1913, this end was more severely affected by mildew 
and in it the mildew was first found in 1914. 

The yard, which was 88 rows long, was divided into plats running 
crosswise. These plats were about 30 hills ' square or contained 
about an acre each. This manner of division of the yard was found 
necessary because the spaces between the rows running lengthwise 
on one side were so narrow that the dusting machine could not be 
used in them. The plat at the western end was dusted with heavy 
flour sulphur, the plat in the middle with fine flour sulphur and the 
plat at the other end with flowers of sulphur. A check plat twelve 
hills square was located in the southwest corner of the yard. In 
this end of the yard containing the check and the part dusted with 
heavy flour sulphur the mildew was least abundant the year previous. 

In 1911 mildew was found in this yard on June 19. An increase 
of mildew was noted on July 6. It is lil{ely that these spots might 
have been seen several days earlier had observations been made. 
The shipment of sulphur was delayed and rains further deferred the 
application of sulphur until July 13. By this time considerable 
increase in the mildew had taken place, particularly in the eastern 
end of the yard. The following table gives a record of the sulphur­
ings in this yard: 

TABLE V.- SULPHURING IN. UTTER YARD, 1914. 

SULPHUR PER ACRE. 

DATE. 
Heavy Fine flour. Flowers. flour. 

Lbs. Lbs. Lbs. 
July 13 ... . .. . .. . .. ........ ... . . . .... .. . . . . . 55 54 54 
July 25 ...... . .... . .. .. . . 80 49 77 
July 31. . .... .. . . . ...... . . . . ......... . 66 51 60 
August 13 ..... .. . .... .. . ... : . . . . . .. ... . . . 75 47 87 
August 25 ..... . . . . . . . . . . . . . . 

Average ..... . . . . . . . .... . . . . 69 48 69.5 
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The weather record at Cooperstown applies only approximately 
to the conditions in this yard. It is known that rains were quite 
as frequent here as elsewhere and that the treatments on July 25 
and 31 were followed shQrtly by rains. That on August 13 fell 
within the period when showers were of daily occurrence. . An 
application of sulphur was made by Mr. Utter on August 25 as 
nearly like the others as possible. This was done because Mr. 
Utter wished to delay picking for some, time. It was thought to 
have had very Jittle effect on the results recorded as it was followed 
almost immediately by heavy rains. 

The machine used in this case was not entirely satisfactory as it 
proved to be very difficult to regulate. With the fine flour sulphur 
it was always wide open. From the table it may be .seen that the 
amount of fine flour sulphur used averaged 20 pounds less per appli­
cation than for either of the other kinds. 

Samples from each of the different plats of this yard were collected 
on September 2 and examined as usual with the results shown in 
the following table: 

TA.BLE VI.- CONDITION OF Hops A.1' PICKING TIME IN UTTER YA.RD, 1914. , 

FREE FROM SLIGHTLY MIIr VA.LUELESS. 
MILDEW. DEWED. 

Total 
PLA'I', number. 

Num- Per- Num- Per- Num- Per-
bel'. centage. bel'. centage. bel'. centage. 

---

Unsulphured .. . . 1,567 62 3.9 587 37.5 918 58.6 
Flowers ...... ... 1,197 549 458 459 38.4 189 15.8 
Heavy flour . ... . 1,300 1,154 88 .8 110 8.4 36 2.8 
Fine flour . ..... . 1,547 1,158 74 .9 217 14.0 172 111 

From the table it is apparent that the untreated plat sustained 
a much heavier loss than any other portion of the yard. It must be 
remembered in this connection that the end of the yard occupied by 
the unsulphured plat and the plat treated with heavy sulphur, was 
the part of the yard where little mildew could be found at the time 
of the first treatment. At that time the lower leaves ' of many hills 
in the other end of the yard were white with mildew. In fact, 
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until hops were in full bloom, mildew could scarcely be found in 
the unsulphured portion of the yard and at no time was it serious 
on the leaves there. It was only when the hops began to come out 
of blossom that the mildew began to develop rapidly in this portion 
of the yard, shortly outstripping the other portions of the yard. 

There seems no doubt that if an untreated portion had been left 
in the other end of the yard the loss in it would have been total. 
The writer is of the opinion that the results as given in the table 
show a prejudice against flowers of sulphur not altogether deserved 
though representing the conditions at picking time very well. 

Wilsey yard, MirJ,dlefield.- This yard was considered desirable 
for experimental purposes because for several years it had been a 
complete loss due to mildew and scattered spots of mildew were 
found throughout the yard on June 18 in the season of 1914. 

This yard was located on a tableland near the summit of the hills 
of Middlefield in Otsego County. It was very nearly level and 
seemed as uniform as could be desired. The yard, which was 88 
'hills long and 41 hills wide, was divided into plats running cross~ 
wise with an unsulphured portion 12 .hills square in the north­
east corner. The three other plats of the experiment were 23 
hills wide leaving a strip 19 hills wide to be sulphured by Mr. 
Wilsey. Beginning at the north end of the yard, the three plats 
were treated respectively with heavy flour sulphur, fine flour sulphur, 
and flowers of sulphur. 

Applications of sulphur were made to this yard as follows: 

TABLE VII.- SULPHURING IN WILSEY YARD, 1914. 

SULPHUR PER ACRE. 

DA1'E . 

Heavy flour. Fine flour. Flowers. 

Lbs. Lbs. Lbs. 
July 3 ... . ..... . . . .. . . .. ... . .......... . . . 50 41.5 42.5 
July 13. . ....... .. . ..................... . 50 42.5 42.5 
.July 25 .................................. . 50 42.5 42 .5 
August 3 ... .. .. .... . .. . .. ..... . . . ... . .. . 50 42.5 42.5 
August 13 ...................... .. ... . .... . 50 42.5 42.5 

I--------I-------r------
Average ...... . . . . .. . .. . ... . ... .. .... . 50 42.3 42.5 
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At the time of the first treatment some increase in the amount of 
mildew had taken place. It still seemed to be quite uniformly 
distributed between the different plats. On July 13, fresh mildew 
was appearing. The yard was much improved on July 22. The 
last treatment was made after the rainy weather had begun in mid­
August. Slight increases in mold continued to take place in August. 
On August 13, the section of the yard dusted with 'fine flour sulphur 
was clearly in much better condition than any of the other plats. 
Scarcely any injured hops could be found in this section of the yard, 
which formed a marked contrast to the plats on both. sides of it. 
, Samples were secured from this yard on August 25. Unfortunately 
the writer had not been informed that the picking was to start so 
soon, so that the larger part of the plat dusted with flowers of sulphur 
had been picked before his arrival. A sample was secured from the 
remainder of the plat. The figures given, therefore, are not as 
reliable an index to the condition of this plat as are the figures for 
the other plats. Previous inspection indicated that this plat was 
most severely injured by the mildew of any of the sulphured plats, 
though probably not as much worse than the heavy flour plat as 
indicated by the table. The following table summarizes the results: 

TABLE VIII.-CONDITION OF THE Hops IN THE WILSEY YARD AT PICKING TIME, 1914. 

FREE l'ROM SLIGHTLY MIL- VALUELESS. 
MILDEW DEWED. 

Total 
PLAT. number. 

Num- Per- Num- Per- Num- Per-
ber. centage. ber. centage. ber. centage. 

Unsulphured . .. . 1,093 12 L1 227 20.8 854 78.1 
F lowers . . . . . . .. . 644 271 42 .08 305 47.36 68 10 .57 
Heavy flour . . .. . 533 367 68.9 141 26.4 25 4.7 
Fine flour .... ... 487 458 94 .04 27 5.55 2 .41 

It is apparent that the unsulphured portion of the yard in this 
case was so nearly a total loss as not to be worth picking, about 
80 per ct. being worthless and only 1 per ct. free from mildew. 
This was markedly different, as usual, from any of the sulphured 
plats. The fine flour plat was between the other two plats in this 
case and formed, as shown by the table, a striking contrast to the 
sulphured plats on either side. 
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Lehman yard, Sharon Springs.- This yard was located near Sharon 
Springs on rolling land. The year previous sulphuring operations 
had not been successful. The crop was a complete failure. It was 
the intention of the writer to supervise the sulphuring here personally 
but this proved impossible because the numerous rains made repeated 
sulphurings necessary in other yards and hindered travel. Several 
visits were made to this yard during the summer. 

A check plat ten hills square was left unsulphured in one corner 
of the yard. The other plats were each ten rows wide and ninety­
five hills long. As this yard was at a considerable distance from 
Cooperstown where the weather record was made, Mr. Lehman 
kept his own record of the dates on which rains occurred, together 
with the dates on which sulphur was applied. This record is shown 
in the following table: 

TABLE IX.- RECORD OF' RAINFALL AND SULPHURING IN LEHMAN YARD, 1914. 

Dates of sulphuring . Dates of rains. Remarks. 

..... . ..... . . .. .. ..... . . .... , June 7. 
June 15. 
June 29 ..... " .. .. . . . . . .. July 
July 4 ....... " ....... . . July 

l. . . " . . . . . . . Heavy rain. 
5 and 7 . . . . .. Rain. 

July 8 ............ . ..... July 9 ............ Very heavy rain. 
............................ ' July 11. . . . . . . . . . . Heavy rain. 
July 
July 
July 
July 
August 
August 

13. 
20 ...... ..... ... . . .. ' July 23 .... . ... . . . . 
25 .... .. ......... "' 1 July 29 . .... ...... . 
31. .. .. .. .. .. .. .. ... August 1. .......... . 

3. 
8 . . . . . . ..... . ...... 1 August 10 .. . .... ... . . 
....... ... ... . . .. .. ' Angust 12 ........... . 

August 15. . .... . .. . .. ... .. August 14. 
August 22. . .... . . .. . . . . August 20 ....... . .. . 

... . .. . . . . .. .. . August 24 ...... ... . . 

Rain. 
Rain and hail. 
Rain. 

Rain. 
Rain. 
Rain nearly all week. 
Rain nearly all week. 
Rain . 

From this table it is apparent that several of the twelve sulphur­
ings made were followed almost immediately by rain. The only 

. treatments not followed by rain on the first or second day after 
the application were those made on July 13 and 25 and on August 3. 
These are probably the applications on which the control princi­

. pally depended. A light application made about June 15 and one 
on June 29 were made with flowers of sulphur uniformly to the 
entire field. That on June 29 was followed by a heavy rain so 
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probably need not be considered. The three different kinds of 
sulphur were used first on July 4. An estimate, based on the amounts 
used out of the barrels on July 14, indicated that, in the first three 
applications, about 125 pounds of fine flour sulphur had been used, 
about 130 pounds of heavy flour sulphur, and flowers of sulphur 
100 pounds. At the end of the season approximately the following 
amounts had been used: 

TABLE X - SULPHURING IN LEHMAN YARD, 1914. 

SULPHUR PER PLA'£ . 

PLA'£. Per 
Total. applica-

tion. 

Los. Lbs. 
Unsulphured ............ .. . ... ... . ... . .. . .... ... . .. . .. . 0 0 
Heavy flour sulphur.. . .. .. .. .. . ... . .. ...... . 300 30 
Flowers of sulphur. . ....................... . 360 36 

. Fine flour sulphur * . . . . . . ................ . .. . 400 40 

* Fifty pounds of flowers of sulphur was used on this plat for the last application. 

In this yard mildew was very plentiful on June 14 and fairly well 
distributed, though somewhat worse in the part treated with heavy 
flour sulphur. On July 14, much of the mildew still appeared 
healthy. By August 1, however, a great improvement in the con­
dition of the yard was noticed. At this time some sulphur was 
noticed on the leaves in the check plat where it had drifted with 
the wind. On August 25, it was apparent that . very little loss 
would occur in any plat except the unsulphured one. Samples 
were collected in this yard on September 4 and an examination 
of the hops gave the following results: 

T,IBLE XI - CONDITION OF Hops IN LEHMAN YARD AT PICKING TIME, 1914. 

FREE FROM SI,IGHTLY 
MILDEW. MILDEWED. VALUELESS. 

Total 
PLA'£. number . 

Number. Per- Number. Per-
Number. Per-

centage. centage. centage. 

Unsulphured . . . . . 933 78 8.3 317 34.0 538 57.7 
Flowers .. , ... 786 658 8375 72 9.15 56 7.1 
Heavy flour . .. .. 1,004 744 74.1 134 13 .35 126 12.55 
Fine flour . . .. .. . 912 747 81.9 92 10.1 73 8.0 
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The plat left untreated was not so badly mildewed in this case 
as in some of the other yards, probably because the wind happened 
to be right to blow the sulphur into it several times when the rest 
of the yard was being treated. till, it presents a strong contrast 
to the rest of the yard. When observations were made on August 25 
and September 4, Mr. Lehman and the writer agreed that the plat 
dusted with fine flour sulphur was in slightly b tter condition than 
either of the other treated plats. The writer b lieves it was better, 
but that by chane one of the sampl u d in the pr parn,tion of 
the table was not exactly representativ. The difference between 
the two plats was not gr at, howev r, and th r suIts as hown 
in the table correspond oth rwise very w 11 with field observations. 

Russel yard, Milford.- This yard was consider d d sirable for 
experimental use because it consisted almo. t entir ly of Canada red 
vines which is one of th varieties most suse ptihle to attack by 
the mildew. This yard has been und r observation for s veral 
years. In 1911, it was a t tal loss from mildew. In 1912, the 
mildew had a good tart in. the yard on June 10. During that year 
the hop-growers of Milford form d an a' ociation with Mr. . L. 
Slocum in charge to advise in control w de. Th fight with the 
mildew proved strenuous throughout the summer but ended with 
very little loss. The quantity of sulphur u d wa about three 
hundred pounds per acr. During the following ason the con­
ditions and I' suIts weI' much the same. The yard was utilized 
in a test of two kinds of su lphur. A plat ten hills square was left 
untreated. Although some sulphur drifted into this plat the loss 
from mildew was fully 50 per ct. 

The yard is situated just outside the village of Milford. It lies 
on the side hill on the west side of the valley. In 1914 it was divided 
into three main plats with a fourth plat ten hills square in the 
southwest corn I' left untreated for a check. The first ten rows on 
the west side were dusted with flowers of sulphur, the next ten rows 
w~th heavy flour sulphur and the last fourteen rows on the east side 
with fine flour sulphur. 

In an examination of this yard on June 18 no mildew was found, 
although one mildewed hill had been found in an adjacent yard. 
On making another examination on June 24, a few young mildew 
spots were found throughout the yard, but more numerous on the 
east I side. A fresh crop of mildew was also found in this yard on 
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July 13. On July 24, the yard did not seem to have improved much 
as fresh mildew was still appearing to a limited extent. On August 
6 the mildew seemed to be pretty thoroughly checked except in 
the unsulphured part of the yard where it was attacking the young 
hops. 

The writer was present when part of the treatments were made 
in this yard. The others were made by Mr. Russel, alone, . with 
his machine adjusted as nearly as possible in the same manner. 
The amounts of sulphur used at each application made when the 
writer was present will be given and the total amount of each kind 
used for the season. The following table gives this record: 

TABLE XII - SULPHURING OF RUSSEL YARD IN 1914. 

SULPHUR PER ACRE. 

DATE . 

Flowers. 

Lbs. 
June 27 .. . . ...... ... ...... . . . . . .. .. . .. . .. . . . 40 
July 3 .. . .... . .... . ......... . .............. . .. 
July 15 .. . . . . . . .. .. . . . . .. .. . . . . . . . . .. 47 
July 25 . . .. " ., ......... . ... . .......... .... . 
Aug. 6..... ... .... . ...... . ...... ... .... . . 50 
Aug. 13 .. . .. .. . . . .. ..................... . . 

Total . . .. . . . . . . .. .. .. . . . . .. . . .. .. .. .. .. . . . 304 
Average.. . . .. .. ...... . . .. . . .. .. .... .. ..... . . 51 

Heavy Fine 
flour. flour. 

Lbs. Lbs. 
30 30 

52 39 

71 43 

322 
54 

237 
39 .5 

As in several other cases, some sulphur was blown into the part of 
the yard that was intended to be left untreated. In this case the 
corner of the yard that seemed the most desirable place for the 
check plat from the standpoint of the usual direction of the wind, 
could not be used because woodchucks had eaten many of the vines 
early in the season and the new growth of vines which came up 
later was thought to be more susceptible to the mildew. Little 
mildew was seen in the untreated portion until the middle of July. 
However, as usual, it rapidly increased after the young hops began 
to form: 
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Samples were collected from this yard on August 27. An exami­
nation of these hops gave the results shown in the following table: 

TABLE XIII - CONDITION OF Hops A'£ PICKING TIME IN RUSSEL YARD, 1914. 

FREE li'ItOM SLIGHTLY 
MILDEW. MILDEWED. VALUELESS. 

PLAT. Total 
number. 

N b I Per-Number .. Per- Number. Per-
centage. um er. centage. contagc. 

I 
I 

Unsulphured ..... 856 52 6.08 561 65 .5 243 28.4 
Flowers ...... . .. 987 848 85.9 118 12 .0 21 2.1 
Heavy flour . . .. .. 1,070 978 914 79 7.4 13 1.2 
Fine flour .. . .... 1,152 900 I 78 .1 224 19 .4 28 2 .4 

The unsulphured portion of the yard was not as badly mildewed 
as had been the case in some instances, but still presented a strong 
contrast to the rest of the yard. In such a yard as this, there can 
be little doubt that the loss would have been complete had no 
sulphuring been done. The check, as it was, however, presents 
a sufficiently strong contrast to the rest of the yard for our purposes. 
Between the other plats little difference could be seen by inspection. 
Early in the season, as previously mentioned, more mildew was 
present in the fine sulphur part. This was checked, however, and 
at picking time little mildew could be seen in any of the dusted 
plats. It will be noticed that the percentage of badly mildewed 

. hops as recorded in the table varies only about one per ct. between 
the different samples, which is only such a variation as might be 
expected between two samples from the same plat. The percentage 
of slightly mildewed hops is against the fine flour sulphur by a small 
amount. No very important difference in the sulphured plats 
can be claimed, however. In a measure, the conditions in this yard 
may be considered the reverse of the conditions in the Wedderspoon 
and Utter yards where the mildew was thickest early in the season 
in the parts dusted with flowers of sulphur; but in this case it was 
more strongly checked. 
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SUMMARY OF RESULTS IN SIX YARDS. 

The results of control experiments with different kinds of sulphur 
are brought together into one table in order that the results of the 
different experiments may be more readily compared and summarized. 
The total amounts of sulphur applied to the different plats and the 
number of applications for the different yards are summarized in the 
following table: 

TABLE XIV.-SUMMARY OF SULPHUR ApPLICATIONS IN PRECEDING EXPERIMENTS. 

SULPHUR PER ACRE. 

Number FLOWERS. HEA VY FLOUR. FINE FLOUR. 
YARDS. of appli-

cations. 
Per Per Per 

Total. appli- Total. appli- Total. appli-
cation. cation. cation. 

Lbs . Lbs. Lbs. Lbs. Lbs. Lbs. 
Lehman . .. . ..... 11 360 33 300 27 400 36 
King No.3 . 4 277 69 . . . . . . .. . . . 262 65.5 
Russel . . ...... . . 6 304 51 322 54 237 39.5 
Wilsey . . . .. ... . . 5 212 .5 42.5 250 50 2125 42.5 
Utter ... ... ... . . 4 278 695 276 69 191 48 
Wedderspoon . . .. 5 295 59 306 61 289 .5 58 

Average . ... .... . ..... 287.7 54 291 52 265.3 48 

~ 

It is apparent from the table that, while the intention was to 
apply .the same amount of sulphur to all plats and usually about 
fifty pounds per application, considerable variation from this schedule 
occurred due to difficulty in regulating the machines. The average 
amounts per application are nearly the same. There was in some 
cases a difficulty in getting machines to apply as much of the fine 
flour sulphur as was applied of the coarse flour and the flowers. This 
should perhaps be borne in mind in considering results: i. e., if there 
was any advantage in amounts of sulphur used it was against the 
fine flour sulphur. 

The following table gives a summary of the results on the yards 
included in the above table: 

, 
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TABLE XV - SUMMARY OF RESULTS OF Srx PXPERrMENTS WI'l'H DU'FERENT KINDS 
OF SULPHUR FOR 1'HE CONTUOL OF Hop MILDEW .. 

YAUDS. 

Lehman ........ . 
King No.3 .. . .. . 
Russel. ........ . 
Wilsey .... ... . ,. 
Utter .......... . 
Wedderspoon ... . 

Average ....... . . 
Probable error .. . 

Lehman ....... . 
KiDg No.3 .... . 
Russel ........ . 
Wilsey .. . 
Utter .... . . 
Wedderspoon ... 

Average ....... . 
Probable error .. 

Lehman ... . 
Russel .. . 
Wilsey .. . . . 
Utter .... . 
Wedderspoon ... 

Average . . . 
Probable error. 

Lehman . .... , ... 
King No. 3. 0 •••• 

Russel. .. . .. .. . 
Wilsey ... ...... 
Utter ...... .. . . 
Wedderspoon . . . 

Average ......... 
Probable error ... 

FREE FROM SLIGHTLY 
Total MILDEW. MILDEWED. 

number ' 
hops. 

Number.1 Per- Number. I Per-
centage. . centage. 

Unsulphul'ed plats . 
933 78 8.3 317 34.0 

1,601 0 0 .0 68 4.25 
856 52 6.08 561 65.5 

1,093 12 1.1 227 20 .8 
1,567 62 3.9 587 37 .5 

770 77 100 315 40 .9 

. , . ... .. . .. . 4.9 ..... . 33.8 

..... . .. . .. . ±1.0 . .... . ±5.0 

S'ulphul'ed with flowers oj sulphur. 
786 . 658 83.75 72 9 .15 

1,259 874 69.4 275 21.84 
987 848 1'5.9 118 12 .0 
644 271 42. 08 305 47.36 

1,197 549 45.8 459 38 .4 
1,105 899 81A 176 15.9 

. ... .. 68 .06 .. .. . . 24.11 

.... . . ... . . . ±4.9 ..... . ±3.9 

Sulphured with heaY!J floy !' sYlphyr . 
1 ,004 744 74 .1 134 13 .35 
1,070 978 91.4 79 7 .4 

533 367 68.9 141 26 .4 
1, 300 1,154 88.8 110 8.4 

681 598 87.S 77 11 .3 

.... . .. ... . 82.2 .. . .. . 13.37 

.. . . . .... . ±2.8 .. ... . ±2.0 

Sulphured with fin e flour sulphur. 
912 747 I S1.9 92 10.1 

1,119 881 I 78 .7 217 19.4 
1,152 900 78.13 224 19.44 

487 458 94.04 27 5.55 
1,547 1,158 74.9 217 14.0 

702 626 69.2 71 10.1 

... .. . .. ... . 82.81 

I 
... . .. 13.1 

.... . . . ..... ±1.8 . ... .. ±1.4 
I 

VALUELESS. 

Number ./. I er-
~entage. 

538 57.7 
1,533 95 .75 

243 2 .4 
854 78 .1 
918 58.6 
378 39.1 

. . .. .. 61.3 

. ..... ±5 .8 

56 7 .1 
110 8.74 
21 2 .1 
68 10 .57 

189 15.8 
30 2. 7 

. ..... 7 .83 

. ..... ±1.3 

126 12 .55 
13 1.2 
25 4.7 
36 2.8 
6 0 .9 

. .... . 
I 

4 .43 
. ..... ±1.3 

73 8 .0 
21 1.9 
28 2 .43 
2 .41 

172 11.1 
5 .7 

. . . . . . 4.09 

. .. . . . ±1.1 
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It is clear from this table that the yards used in these experi­
ments would have been practically a complete loss if they had not 
been sulphured. It scarcely needs the explanation that probably 
in no case was the check so severely attacked as it would have been 
if most of the yard had not been sulphured. This, as has been 
previously pointed out, is because a little sulphur was blown ~into 
the check plats in nearly all cases and because in leaving a small 
area of this kind, frequently in a part of the yard where there was 
less mildew, the chance for infection was reduced. 

The conditions given above should not be taken as representative 
of the average field, but rather of the type of field selected for this 
experiment. That most yards would approximate these conditions 
seems likely, still yards occasionally pass through the season unsul­
phured with little injury from mildew. On the other hand, with 
the exception of a few native red-vine yards, the writer knows of no 
instance in which an unsulphured yard has continued year after year 
to escape serious injury from mildew. 

The experimental yards were selected, however, because they haa 
been injured seriously by the mildew the year previous, and because 
some mildew was present in the spring of the current season, so that 
a good test of sulphuring could be expected. It is clear from the 
results on the check plats that where the mildew has appeared by the 
middle of June or earlier the loss is fairly certain to be nearly or 
quite total providing the normal amount of rainfall occurs. 

The difference between the average results for the check plat and 
the average results for the plats dusted with sulphur is large enough 
to be decidedly significant, as is also the difference in each separate 
experiment. That is to say, in this, the worst year so far encountered 
for successful sulphuring, approximately 80 per ct. of the hops were 
free from mildew on the treated plats as compared with 5 per ct. on 
the check plats. On the sulphured plats 95 per ct. of the hops were 
salable. Of these 15 per ct. were slightly injured but for the most 
part they could not be detected in the dried sample. Though 38 
per ct. of the hops on the checks are classed as salable, only 5 per ct. 
were free from mildew, so that the quality of these was much poorer 
than of those classed as salable in the case of the sulphured plats. 
If the whole yard had been like the check plats, they would not have 
been considered worth picking in most cases. 

Differences between the results from the use of different kinds of 
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sulphur are much smaller. The very slight differences between the 
average results of using the heavy flour ulphur and fine Hour sulphur 
are of no significance, inasmuch as they arc smaller in each case 
than the probable errol'. A compari 'on of the results secured in 
the different fields shows that th results are sometimes slightly 
in favor of one kind of sulphur and at other times slightly in favor 
of the other. Ris clear then that th s experiments fail to estab­
lish any difference in valu b tw en th fine and coarse Hour sulphur 
used for dusting hop. The only indication that fine sulphur may 
be bettcr is contain d in the fact that in making applications of fine 
Hour sulphur w usually failed to apply quite as much as of .the 
coarser 01' h avy flour ulphul' in getting th s results. 

In the ca e of the flow 1'S of sulphur, the averaO'e results differ 
more markedly from th l'e ult· of th us of the other two kinds. 
The result for the flow rS of ulphur a1' not uniform, however, 
w!:tich mal es the probable error high and indicat that this average 
is Ie . dep ndabl than th oth )'s. In three cases, as previously 
explained, the parts of th yards tr ate 1 with fiowers of sulphur 
seflmed to be slightly mot' ubj ect to attacl of th0 mildew. On 
the other hand, in two yard the liability to mild w was rather in 
the other dir ction. In each case this was l' f1 ected in the results, 
but Ie s markedly in th case' wh re fine and h avy flour sulphur 
were applied. These 1'e ult indicat that tb flour sulphur of the 
two different dcgr es of finel1, u ed in tl ese experiments is certainly 
as effective for prev nting the mildew a th flowers of sulphur. 
There is also a basis for a str ng pre umption that th flour sulphur 
is a little more effectiv and d pendabl . 

SUMMARY OF ALL OOPERATIVE EXPERIMENTS. 

A number of other experiments have b n carri d out in which 
either two or three kinds oJ 'ulphur were tried side by side during the 
years 1912,1913 and 1914. In aU, there have been made twenty-seven 

. such experiments involving about soventy-five acres of hops scattered 
through several counties. In twelve of th se xperiments unsulphured 
portions were left as checks. In all cases except in the six experi­
;nents already described, determination of the results was made 
only by inspection of the yards at picking time. In twelve cases 
a record was made of the amounts of sulphur applied, dates, etc. 
In the rest of the experiments the sulphuring was carried out by the 
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growers, who applied the two or three kinds of sulphur to equa1 
parts of the same yard in as nearly equal amounts as possible. The 
amounts applied were checked up from time to time to see that 
approximately the same amounts per acre were used on the different 
plats. The following table gives a summary of the amounts of 
sulphur used in the yards in which untreated plats were left: 

TABLE XVI.- SUMMARY OF SULPHURING IN TWELVE EXPERIMENTS. 

SULPHUR PER ACRE. 

Num-
YARD. ber of I'LOWERS. HEAVY FLOUR. FINE FLOUR. 

applica-
tions. Per Per Per 

Total. applica- Total. applica- Total. applica-
tion. tion. t ion. 

L1;s. Lbs. Lbs. Lbs. Lbs. Lbs. 
King No. 1 (1913) 3 188 63 150 50 135 45 
King No.2 (1913) 4 236 59 .. . . ...... 226 565 
Wilson (1913) . ... 4 218 54 .5 255 64 230 57 .5 
Russel (1913) .. .. 6 300 50 ..... . .... . . 300 50 
Bellinger (1913) .. 5 250 50 200 40 250 50 
King No. 2 (1914) 3 142 47 ..... . .. . ... 139 46 
Wilsey (1914) .... 5 212 .5 42.5 250 50 212 .5 42.5 
Wedderspoon 

(1914) .. . . . . . . 5 295 59 ::l06 61 289 .5 58 
Lehman (1914) . . . 11 360 33 300 27 400 36 
Utter (1914) . .. .. 4 278 69 .5 276 69 191 48 
King No. 3 (1914) 4 277 69 ... . . 262 65 .5 
Russel (1914) . . . . 6 304 51 322 54 237 39 .5 

Average ..... . ..... 2.55 54 
I 

257 52 239 49.5 

It is apparent that slight variations occurred in nearly all instances 
due to the difficulties in regulating the machines, the only constant 
variation being the tendency to apply less of the fine flour sulphur 
than of the other kinds. 

In many cases it was found impossible to make any distinction 
between the control of the mildew on the plats treated with the 
different kinds of sulphur. That is, in 1912 and 1913, the control 
was frequently so good in sulphured parts of yards that scarcely any 
mildew could be found . With one possible exception, the twelve 
unsulphured plats developed serious losses ranging from 50 per ct. 
to a total loss. In the twenty-seven trials of flowers of sulphur 
and fine flour sulphur in the same yard, the flowers of sulphur plat 
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waF; distincLly hctt I' in. nly 011 \ inl:lLuncc, th (inc floul' sulphur in 
v n insLan H, In t h Olih I' .Y1tl'Cls thol' Wltl:l 10 appr ciabl dif'fcw-

en ', I' Ii n Limos thftL now I'S of sulphul' hitS bo 11. compured wiLh 
h fiVy f] ut sulphur, Lh n WCI'S or sulphtn' gav b t l;cl' I' Hu lts in n 
instl1nc and th h avy floul' sulphul' jn si jnsLanccs, lho th I' Lriall:! 
bing ind t 1' 1 innL, In Lho ten Ll'iltlH wh l' (in \ /1,nn h nvy sulphul' 
hav b' n orn(,)a,' ,(I , Ii 'h hnH appoal'cd " LLol' Lhl'o LirnoH and th 
oth l' tim .. LIl 1" waH no hoi '" I nl' ly LhoH( l'oHulLH L 11, I Lo on­
finn Lha conCIUHi( I 1)1' vi uf.l ly HLn,Lerl, t.hltt 11 It Y and fin, (Iou I' 
sulphtll' Itl' of al ouL cq ultl vnlu , wiLh now I'H I' Hulphtll' LaJ inp; a 
IOfl I,hird pIao, II h tv proved on.Lil' Iy /To'Liv( in. Lh Ilmjol'il,y 

of Cltl:! I:! , 

TilER lIAM 'J'8H, I ~ 'l'TfI'~ 1I,'Ii' I,:rll<, '1' I INI' 1" 
ng I NHI I IUlllU , 

In a pI'vious bull j,il H:J (,II wl'iL'l' has ' I'i lIy des I'jh d (,ll 
diCf I' nL kin.dH of iollliphul' and Lhc In Lho If! of IHnnufn Ul' , 'r() 
thi only /l, f w not, ,f! n o(i I ( addod IIOW (;011, '( minp; ~o rn.(\ / 1 (,.i. 
nccHf!in' 11)12, 

1'h n WI'S f sulphul' htll'! b n Lh 'ind 11'\0s(, 11tt'p; Iy ul:!od ill Lllil:! 
stat of l' t,. I1Ling hops, PI' , II Itt ornplaints .hav , howov I', b \ " 
h ft l'd that l,tt\l" bnl'l' Is of Hulphul' I' ivo(i wi ll n()~ WOI+ in Lho 
sulphuring nUt 'hin ,fl, I urinp; (,It P I:!L H ttl'! n Huch cOI'Yl r>ll\inLI:l W('I'( 
pmLi ulat'ly rl' qu nt, In H rn Il.H ,R H v I'lil I>nl'l' If.! of fll1lphul' W('I'(l 
diHCl.tl'd d by It Hi ngl 1;1' W(I' b 'lil1 f:l Lh Y ou ld 11. t I lIH d, In. 
lnany th)' 'a f:l th 'f' w J'H P "'HiHLr, 1 in trying t LI S this sulphul', 
but W l' abl to ftpp ly only HJnall Itrnounts II ausc iL w uld n t 
f d thl' ugh th rna hin s, nne! th littl that w uld f cd thl'oup;1 
WH., poorly distributed, 'mLirn s the l' su ltin.g I RS was I'YlU 'h 
great )' than th valLI r Lh sulphur, 

Th wl'it l' has it n roughly xamin d su h ban Is of sulphur. 
The c lor j, u, ually dull a c mpal' d with g d flow r of ulphUl' 
which is a bri 'ht y How, uch sulphur has a t nd ncy to pack 
when prossed tog th l' in th hands not notic abl in "'ood :flowers 
of sulphur, When put in dusting machines, it will n t fe dwell, 

"Blodgett, F, M, Hop Mildew. New YorkCornc1[Sta, Bul. 32 :30 - 309. 1913, 
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tending to bridge over the outlet tube and feed very irregularly. 
As it leaves the delivery tube, much of it is in the form of small, 
flaky masses which do not float well in the air; hence, it does not 
distribute well. In extreme cases it drops to the ground as fast 
as blown out, making a yellow path along the center of the row. 

A decidedly acid taste was always noticed in such sulphur, while 
no such taste could be detected in sulphur of good mechanical con­
dition. In order to confirm this qualitative test, samples were 
taken from two lots of sulphur in the poor mechanical condition 
mentioned above and, also, from a barrel of sulphur in comparativeiy 
good mechanical condition. These samples have been tested for 
acid content by M . P. Sweeney of the Chemical Department of 
this Station. The acid found was sulphuric acid as follows: 

TADLE XVIJ.- ACID CONTENT OF FLOWERS 01' SULPHUR. 

Sample. Condition of sulphur. 

PERCENTAGE ·OF SULPHURIC 
ACID. 

-----_.------
i 

First test. I Duplicate test. 

'----·-----1-------------1-----------
I.. 

II .. . . . ... ... . 
III. 

Good mech~,nical condition. 
Poor mechanical condition. 
Poor mechanical condition .. 

0.07 
1.96 
1. 74 

0.07 
1.96 
1.74 

It is apparent that sufficient acid was present to account for 
the trouble described. The presence of sulphuric acid in sulphur 
naturally leads to the absorption of a certain amount of moisture 
and thus to the aggravation of the trouble. Sifting the sulphur 
has been reported to make it worse, especially if done when the air 
is moist. 

Juritz 34 has recorded trouble, which he thought was caused by 
the presence of moisture and . the moisture in turn was condensed 
from the air due to the presence of a " noticl')able -- although very 
minute -- quantity of sulphuric acid."· Although nearly two per ct. 
of sulphuric acid could scarcely be considered minute, the trouble 

34 Juritz, C. F. Sulphur as a pest remedy. Agr. Jour. Cape Good Hope 33 :723-725. 
'1908. 
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referred to above is clearly only an exagg rated rOl'm of th sam 
condition. 

No data are availabl as to th ffoctiv n s of fI W I'S or sulphul' 
with a high acid content, but it is appal' I t that il' i~ is imp f:! ibl 
to apply it so as to get a g d distl'ibuti J'l it can.not be J1' Liv. 
Marcille no has advanc l th th ory that th min y f ulphtlr 
when us d for the cont!' 1 of p wd l'y mill WI; is du t 'Lho AlIll l1u)'i 
acid contain d, an 1 h U" t. that su lnhlll' sh ult I> Hlud '011-

taining larger amounts l' this acid to b mol' ff' ('iv , '1('lu'ly, 
thi sugg stion is n t practi a)) I AFl 'it is i1 P Af4 i I)lt,o d ifiLl'ibu t 
satisfactorily a sulphur c ntai,n.in ' I} hi "h p 1" n La '(' or /1,(l id, 

JIL lJll S "UP " 11 . 

A considcnbl ~\ln unL {fl Ul' sulphur hUf:! b' 1\ uFled ill I,h (IOn,­

tl'ol of hop mild. w dLlrin I ' th pa. t two y ~U'A, t il ugh I W~ alwaYA 
app al'ing und l' t.hat nom, Pal'L f thil:l was nn irnpol'l, d sulphul' 
old in bags, whi b WAS quit dim ulL to us I ettll i~ lI nd il rr ally 

instan s b com pa I d and aJ- d. Thifi O'\ay hlw h' n <ill 1,0 
t e Ion. distan that it had I n tr'nnsp I'L d and pOf}f}ibly ~o I,h 
moistu1' absorb d dUl'ing an (). an voyrtg. L I ai'lL iL ou ld Iwt 
bud without a thor u 'h sifting to br ~tl up ~h lumpfi Md bnll fi , 
which was d ifTi LlIt. A a l'UJ Lhis 'fW vOI'Y POI' fift Llfifn Lion 
for th l' as n stat j and mparativ 'Iy litL! hUI:l b n uS cl <l ul'ing 
th past s as n. min th latt I' part or Lh paAt s Itt::! It no mol' 
Aow rS f sLllphut' w I' f\'v(1,ilabl n Lh Inurl t, FlO Lhnt It II I'P; 

part f th )'1' w 1'S U' d 'O Ln cl m sLi [I UI' ulr I \In' ItL th net 
of the s ason. No omplaints W l' h fil'd fr m l,hiA Fl\ rI h\IJ' in, Lh 
brief tim it wa' tri d. 

The fine flour sulph\.l1· us cl by th writ l' WA.R m l' eli (fi u I t to 
ift than a go cl quality f fl w l' f sulpbur. It was us cl in b Lh 

kinds of du ting machin s on th mH,rl - t f\Jthollgh wiLh on of' 
the e it was not alwf\y n ib1 to apply fifty po Inds P 1't\ l' V n 
when going in v 1')' row with th f d l' gu lf\ting ct vi wid op n. 
This sulphur wa', how vel', quite uniform in m chanica! ncliti n 
and could 'be applied mucb more satisfactorily than th acid sulphur 
above referred to. Usually some of the clots or balls of sulphur 

35 Marcille, R. Sur Ie mode d'action du souire utilses pour combattre I'oidium, 
CampI. Rend. A cad. Sci. (Paris), 152:70- 783. 1911. 
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were not entirely broken up by sieving or were formed afterward, 
but the larger part of this sulphur formed a cloud that floated especi­
ally well in the air. 

The heavy or coarser sulphur used showed a much less tendency 
to pack, was easier to sift, and more could be applied with the types 
of machines in use. This kind of sulphur did not feed from machines 

• quite as freely as the best flowers of sulphur, but no trouble was 
experienced in applying a sufficient quantity of it. It did not have 
so much tendency to form lumps as the fine flour sulphur or the 
flowers of sulphur with high acid content. 

It should, perhaps, be here pointed out that the results of sulphur­
ing experiments reported in this bulletin do not disprove the theories 
previously mentioned, i. e., that the finer sulphur should be expected 
to be more active. Rather, it seems that this advantage to be 
expected from the use of finer sulphur has been balanced by the 
better mechanical condition of the coarser sulphur. In comparison. 
to the attention which has been given to the determinations of the 
fineness of sulphur, it seems that the physical condition of the sulphur 
in other respects has been slighted. . 

It should not be understood, however, that extremely coarse 
sulphur is recommended or thought desirable. The sulphur appear­
ing under the name of heavy flour sulphur in descriptions of the 
experiments contained a considerable percentage of fine sulphur 
which was probably the more effective part, while the larger particles 
tended to help the sulphur retain a better mechanical condition. 
It is quite easily demonstrated by dusting a leaf with this heavy 
sulphur and then subjecting it to a light shaking, examining it 
before and after shaking, that only the finer particles are retained 
on the leaves under such conditions. Undoubtedly, then, most of 
the coarser particles roll off from the leaves, fall to the ground and 
are wasted. Though these coarse particles were absent in the fine· 
flour sulphur, a similar and sometimes greater loss occurred through 
the tendency of the individual particles of this sulphur to cling 
together forming lumps or balls which fell to the ground. It appears, 
then, that with the present dusting machines, a considerable amount 
of sulphur is wasted and that it is more economi.cal to waste it before 
considerable labor has been expended in grinding it fine. 
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USE OF MIXTURES OF SULPHUR AND LIME. 

At Waterville, in 1911, an experiment was carried out which was 
designed to determine the value of a mixture of sulphur and lime as 
compared with sulphur alone for combating this mildew. The results 
of this experiment were decidedly against the use of lime with sulphur 
for this purpose. A brief report 36 of this experiment was made in 
1913. 

In 1913 it was thought desirable to repeat this experiment to 
check up previous results. For this purpose one of the yards on the 
King farm at Index was used. During the year previous this yard 
had been a complete loss from mildew and the mildew was found 
present on June 18 in 1913. The yard was divided into four plats 
to be treated as follows beginning on the west side: 

Plat I. 7 by 27 hills, to be untreated throughout the season. 
Plat II. 10 by 49 hills, to be dusted with flowers of sulphur. 
Plat III. 10 by 49 hills, to be dusted with an amount of flowers of 

sulphur equal to that used in plat II plus an equal amount of hydrated 
lime, i. e., twice as much of the mixture as of sulphur used in plat II. 

Plat IV. 10 by 49 hills, to be dusted with an amount of sulphur 
and lime mixture equal to the nmount of flowers of sulphur used on 
plat II. 

These conditions were only a pproximated in practice as the follow­
ing table will show: 

TABLE XVIII.- SULPrlUlUNG IN KING YAIW No.3, 1913. 

SULPHun PlnIt ACRE. 

DATE. 
Plat No.2. Plat No.3. Plat No. 4. 
Flowers of Sulphur and Sulphur and 
sulphur. lime mixture. lime mixture. 

Lbs. Los. Lbs. 
June 22 . .. . .. . . .... " ......... 49 139 41 
July 3 . . ..... . . . .. . . '. " "0 •••• 77 119 91 
July 15 ...... . . .. . . .. .. . •• 0 •••• 78 123 99 
August 5 .. .. , .. , . . . .. .... ... . . .. . 72 101 82 
August 14 ... .. .... .. . ........... . .. 98 145 108 

I 

I 

Average ..... . .... ... ... . .. . .. .... . 75 125 84 

"Blodgett,F. M . Hop mildew. New York Cornell Sta-: Bul. 328:298. 1913. 
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Of the applications made in this yard, that on August 5 was the 
most unfortunate, coming as it did in a critical time in the develop­
ment of the hops but being followed by a heavy rain on the day 
following. An application on July 25 would have been more desir­
able. 

The mildew was found in this yard on June 18 as smaIl spots 
scattered pretty evenly throughout the yard and an adjoining yard. 
In the untreated portion of the yard the mildew increased rapidly 
and quite covered the leaves of most of the plants early in July, 
as also on scattered plants throughout the yard. In the unsul­
phured portion of the yard practically all of the hops failed to come 
out and an examination showed that the blossoms and "burs" 
had been infected with mildew. In the dusted portion of the yard 
it seemed checked at times and was at all times better than the 
untreated portion of the yard. The most considerable increase of 
mildew occurred during the last of July and first of August. Another 
difficulty developed in making the applications. In applying large 
quantities of the mixture of lime and sulphur in the center of the yard, 
it was found that the lime made a mixture that floated so much 
better in the ai.r than the sulphur alone, that with the slight changes 
of the wind, it was carried through all parts of the yard in quantity. 
It was apparent that the strip of ten rows allowed was entIrely too 
narrow. Thus it happened that the plat intended for sulphur 
alone had a considerable quantity of lime mixed with the sulphur. 
On the other side of the sulphur plat was the untreated plat badly 
infested with mildew, making the conditions very unfair for the 
sulphured plat. 

At picking time the unsulphured plat was a total loss. There was 
much more difference between the two ends of the same plat than . 
among the different dusted plats. A very large proportion of the 
hops on the dusted plats had been attacked by mildew during some 
period of their growth, and so were dwarfed or injured in some art. 
The yield of this yard was about half a crop, in quantity, of very 
poor-quality hops. The rather unsatisfactory ending of the experi­
ment is believed to have been due principally to the influence of 
the lime which drifted onto the hops of the plat dusted with flowers 
of sulphur. 

Just over a low stone fence from the yard in question was another 
yard (No. 4) which was dusted only with flowers of sulphur. Sulphur 
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was applied to the two yards on the same day in each instance and 
at the same rate per acre. Also mildew was found in both at the 
same time in the spring. It is perhaps fairer to compare the sulphur 
and lime dusted plats with this yard than with the sulphured plat in 
yard No.3 as the lime did not drift into this yard to any considerable 
extent. The unsulphured plat in yard No.4 was nearly though not 
quite a complete loss and therefore not quit as bad as the unsul­
phured plat in yard No.3. The loss on the unsulphured portion of 
this yard was scarcely appreciable as compar d with the loss of at 
least half the hops in the yard dusted with sulphur and lime. 

This, together with th fact that only similady poor control of 
mildew has been secured in experimental plats when th sulphur 
~nd lime mixture was previously us d, indicat s that lime is not 
A proper diluent to be us d with sulphur for the control of mild w. 
In one plat in field No.3, over six hundr d pounds of thi mixture 
was applied per acre or ov r three hundr d pounds of sulphur. If 
we may judge by the adjoining fi Id this should certainly hav b en 
more effective. During th sea on of 1914, fifty pounds 1 ss of 
sulphur per acre without lim has prov n much mol' ff ctiv in 
the same field (Table II) under the more s vel' conditions of the 
past season, the check plat being again a complete loss. 

SOME STATISTICS OF CONTROL IN HOP-GROWERS' 
ASSOCIATIONS. 

As previously described by the writer (1. c.) local cooperative 
associations of hop growers were organized three years ago at Milford 
and Waterville. An expert was secured by each association to direct 
their efforts toward the control of the mildew. The writer, bing 
charged with general oversight of these operations, has sought to 
obtain a fairly complete record of this work. The Milford association 
was discontinued at the end of one year, but th Waterville associa­
tion has continued for three years. In the latter association there 
has been represented each year about 500 acres of hops. While 
the membership of the association has varied from year to year, 
many yards have , been represented continuously throughout the 
three years. I t seems that an analysis of the extensive experience 
of these associations should throw some light on the practical con­
trol of mildew. 
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CRITICAL PERIODS. 

Some reference has already been made to the dates on which new 
mildew infections appeared and these are shown graphically in 
Fig. 1. In general it may be said that small amounts of mildew 
were usually found in a few yards of the association between June 10 
and 15 and in a few cases earlier. With very few exceptions, all 
yards in the associations have had at least a small amount of mildew 
present by July 1. Usually there has been an increase in mildew 
shortly after the hops begin to grow out from the flower stage, at 
which time they appear to be particularly susceptible to attacks of 
the mildew. Thus new infections have usually been particularly 
heavy from August 1 to 12. These dates are only approximate, 
as the periods of infection appear to depend more particularly on 
the periods of rainfall: With the infection appearing so generally 
in yards before the blossoming period, it is apparent that with no 
protective measures, infections during the blossoming period are 
certain to be serious in many cases. 

COMMENCEMENT OF SULPHURING. 

The records of the association work show that the date on which 
sulphuring has been begun has varied more widely than the dates 
on which mildew was observed to appear. In very few instances 
has sulphur been applied as early as June 10. In 1912, about two: 
thirds of the yards had been sulphured before the first of July, 
while most of the remainder were treated by the tenth. In 1913, 
the majority of the yards had been sulphured before the first of 
July, and most of the remainder by the fifth . In 1914, most of the 
yards were not dusted for the first time until after the first of July. 
It was particularly noticeable that nearly all of the few failures in 
control, occurring particularly in 1912 and 1913, were among those 
who delayed sulphuring though advised to make the applications. 
In several of the more prominent of such instances, sulphuring was 
delayed till the last of July or first of August. In 1914, with extremely 
wet weather, a larger number of losses occurred. Many of these, 
though not all, could be traced to poor control during the early part 
of the season. 

AVERAGE AMOUNTS OF SULPHUR USED. 

The following table presents a summary of amounts of sulphur 
used per acre, the number of applications and amounts per appli-



cation for the Waterville association. The record is not complete 
for 1912 so that .figures can be given for only part of the acreage of 
that year. 

TABLE XIX.- SUMM.~RY OF SULPHURING IN Hop GROWERS' ASSOCIA'l'ION, . 
WATERvn,LE. 

Average Average Averag 
YEAH. Acres. weight number weight per 

pE'r acre. applications. appli IItion. 

Lbs. Lbs. 
1912 .. " " .. .. ..... . ..... , . 2995 165 5.2 31.7 
1913 .. . . ... , . , .. ... ... .. , .. 525 160 .7 4 .5 35 .7 
1914 . . . . .. ....... . .. ... . . . , 476 249 5 .6 44 .5 

It is apparent that in 1914, with the frequent rains, the amounts 
of sulphur applied were considerably increased and probably could 
have been profitably still further increased as there were at least a 
few more losses in 1914 than in previous years. These variations 
in the amount of sulphur necessary in different seasons ar i:lhown 
graphically in the curves in Fig. 2, which also o'iv s m idea of 
wide variation in the amount of sulphur found n cessary in different 
-yards for the same year. In a few instances no sulphur was used, 
while in others it was considered necessary to use over 400 pounds 
per acre. It seems apparent, then, that no exact rules can be made 
as to amounts of sulphur necessary to most economically control the 
mildew in all yards. 

EXPENSE OF SULPHURING. 

This summary indicates clearly that the application of sulphur has 
proven an eco~omical means of controlling mildew. The average 
amounts of sulphur applied for the season per acre has been approxi­
mately 190 pounds. Assuming a cost of $2.75 per hundred pounds 
which is comparatively high, the average cost of sulphur per acre 
has been about $5.25. The cost of applying this has not been 
computed for the individual cases and would undoubtedly vary 
much depending on the size and shape of the field and many other 
factors. One man with a horse can, however, easily dust ten acres 
in a day. When a second man assists by sifting sulphur, thereby 
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saving delays for the driver, a larger acreage can be treated. As the 
average number of applications for the season is about five, it is 
apparent, then, that about one-half day's work for a man and horse, 
or perhaps $2.00, must be charged against each acre for labor. 
The original cost of sulphuring machines has varied from $70 to 
$75. They should last for several years. The amount to be charged 
to each acre because of depreciation in the machine should be com­
paratively small, so that the total average expense of sulphuring 
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FIG. 2.-CURVES SHOWING AMOUNTS OF SULPHUR ApPLIED PER ACRE IN 1912 ( ), 
1913 ( - - - - ) AND 1914 ( - -- ) BY THE WATERVILLE ASSOCIA'rION. 

(Aver~.ge amount in 1913, 160 pounds; in 1914, 250 pounds.) 

has probably not been over $8.00 per acre. The average yield per 
acre for 1913 and 1914 in the association yards being 58 boxes or 
about 696 pounds per acre, the average expense of sulphuring per 
pound of hops raised was approximately $.0115. In other words, 
with hops at 25 cents per pound, it would be necessary to save 32 
pounds per acre or less than five per ct. of the crop, to pay the 
expense of sulphuring. Obviously from the standpoint of expense 
this method of control may be considered practical. 
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ESTIMATION OF RESULTS OF SULPHURING. 

Unfortunately there is no means of determining accurately the 
amount of" hops saved by sulphuring within these associations. 
Approximations may be arrived at in several ways, i. e., by comparing 
the losses within the association with losses before sulphuring was 
begun or by comparing conditions in treated districts with other 
places. Both of these methods present difficulties. The first method 
is not entirely reliable because previous to the formation of the 
association the mildew had not become so widely distributed as later 
and, also, sulphuring was begun to a limited extent before the associa­
tion was formed. In 1909, the mildew did serious injury in only 
one yard about Waterville. In 1910 it caused compl te 19sses in 
parts of three or four yards. Sulphuring was b gun late in the 
summer of 1910 in two yards. During th summer of 1911 about 
50 horse-power machines besides a number of hand machines were 
sold for dusting hops. A consi lerable part of these were sold about 
Waterville, so that more or less sulphuring was lone in 1911. Much 
of this, however, was done late in the season so that only part of the 
loss was prevented. 

During the winter following, associations were organized at 
Waterville and Milford and question sheets were sent out to the 
members asking, among other things, for estimates of the losses due 
to mildew the year previ·ous. For the Waterville association, 
33 of the replies are available involving a total of 354 acres of hops. 
Of these, six acres were new fields with no crop losses. Of the 
remainder, the yards on six farms, involving a total of 92 acres, had 
been under observation by the writer and sulphured under his 
direction in 1911. The losses in these yards were reported as " none" 
or "very slight." No statement was made concerning 34 acres. 
Of the remaining 24 farms, involving 222 acres, 12 were reported 
to have been sulphured more or less. Of these 24, three reported 
no losses, 5 very slight losses, the remaining 16 reported losses 
ranging from one-fifth to the entire crop. The losses as given total 
approximately 57,000 pounds of hops which at the ruling price of 
hops that season meant a loss of $25,000 to those 24 farms. 

At the end of the season of 1912, the first year of association 
sulphuring, a survey was made of the results on 36. farms involving 
a total of 300 acres. In eleven cases losses were reported as very 
small, while in two cases, involving 21 acres, the total losses were 
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estimated at about 1,000 pounds. In 1913, reports were made on 
525 ' acres. No losses were reported on 56 out of 61 farms; slight 
losses were reported on three and serious losses on two. In one of 
these cases the loss was reported as 25 per ct. of the crop on 6 
acres and was probably greater; in the other, a 40 per ct . .loss of 
crop on 10 acres. In both cases the sulphuring had been neglected. 
In 1914, the final survey included 476 acres on 57 farms. No losses 
were reported on 33 farms; on 21 farms losses were reported as 
slight; and in three yards as heavy. In one case a loss estimated 
at 1,800 pounds occurred, apparently due to neglect of sulphuring 
early in the season. In a second case, where a large amount of 
mildew was present early, the yards were reported in good shape 
at picking time except one acre. In a third case but few hops were 
picked on a seven-acre yard which had been sulphured but not fre­
quently or heavily enough, considering the amount of mildew present 
early. The yard was dusted four times using about t hirty pounds 
per acre. This amount proved entirely inadequate. 

No record has been made of the conditions in yards outside the 
association though 'the writer has had occasion to observe them for 
the past several years. In many cases growers not in associations 
have sulphured quite as thoroughly or more so than those inside. 
In some communities some of the leading growers began sulphuring 
in 1911 and were largely copied by their neighbors. In other com­
munities, no sulphuring was done in 1911 and 1912, or only half­
heartedly done. During picl ing time in 1912, hundreds of acres 
of hops never picked were seen in such neighborhoods. A few 
yards usually escape the mildew for a year or two without treatment, 
but these are rare. The result has been that in communities where 
sulphuring was not begun, complete losses have been the rule and 
it has proven necessary to abandon hop culture altogether, or adopt 
the treatment. One such section was particularly noticeable in the 
fall of 1913. Nearly two-thirds of the hop yards were not picked 
or only partly picked. A large part of those picked were of 
extremely poor quality. In the season of 1914 a great improvement 
was made in this same section even under the more adverse con­
ditions. A few yards not picked were seen but these were com­
paratively rare as compared with the year previous. 








