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The relation of soil reaction to incidence of potato scab (Actino- 
myces scabi.es (Thax t )  Gtissow) has been studied by many investiga- 
tors. The literature on this subject has been well reviewed by Dippenaar 
(4) and further brought up to date by Ken Knight (7) .  

Although in certain areas, decrease of potato scab in alkaline soil 
has been noted by Goss, (6) ,  Smith, (9) ,  Blodgett and Howe,  (1) ,  
Blodgett and Cowan, (2) ,  and Larson, Albert and Walker,  (8) ,  the 
general eoncensus of opinion seems to be that lowering the soil reaction 
particularly below p H  5.2 also decreases the amount of the disease on 
the crop when grown in scab-infested soils. This is usually accom- 
plishes by the addition of sulphur to the soil or as shown by Cook and 
Nugent (3) by the use of acid-forming fertilizer. 

In many areas of Michigan, it is the custom to grow potatoes on 
fields where alfalfa has been plowed under to increase humus content of 
the soil. I t  is often necessary to make applications of ground limestone, 
marl or hydrated lime to these soils to bring the soil reaction up to a 

1The writers are indebted to Mr. A. M. Berridge, Supt. Lake City Experi- 
ment Station, Lake City, Michigan, for providing facilities for carrying on this 
project and his continued interest in the investigation. This investigation repre- 
sents part of the work done under the cooperative Michigan Experiment Station- 
Bankhead-Jones Project IB. 
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level suitable for  g rowing  the a l f a l f a  crop. O n  soils so t rea ted  al though 
good condi t ions  obtain for  g rowing  potatoes ,  the incidence of  potato 
scab of ten  increases  to such ex ten t  that  ser ious  losses to the crop  re- 
sult. F ie ld  exper iments  were  the re fo re  under t aken  to find out  (1 )  if  by 

addi t ion  of  su lphur  and acid fer t i l izer  the soil reac t ion  could be lowered 
to such ex ten t  that  g rowth  of  the scab organ ism would  be inhibited 
without  ser ious reduct ion  in yield of  pota toes  and (2 )  whe the r  a f te r  

t rea tments  with sulphur  and ac id- forming  fert i l izer  the la ter  addi t ion  of 
l ime to the acid reac t ing  soil would  resul t  in, r enewed  act iv i ty  of  the 

scab paras i te .  

PLOT LOCATION AND TREATMENTS 

The  plots were laid out  on a 23/4 acre field at the L a k e  Ci ty  E xpe r i -  

ment  Stat ion,  Lake  City,  Michigan.  The  soil was O t t a w a  sandy  loam 
and typical  of  that  of  many  fields where  pota toes  a re  g rown  commer-  
cially in the nor thern  par t  of the state.  The  soil had been u n i f o r m l y  in- 

fested with  the scab organ ism in manure  cul tures  and by scat ter ing 
over  it  scabby potatoes  a f t e r  ha rves t  in 1937 and 1938. T h e  same plots 
were  used each of the four  years  1939-1942 inclusive and were  given a 
heavy coat ing of  manure  in the win te r  between crops  of  potatoes .  

The  exper iment  was set up in series of I2 plots,  5 ~ feet x 24 feet, 
r andomized  for  t r ea tment  and repl icated three  t imes,  with a 15-foot 
aisle between each series. Soil  tests  over  the ent ire  t rac t  showed the 

soil react ion to va ry  between p H  4.5 and  6.0. 
T h e  soil t rea tments  were  as fol lows 

I. 400 pounds of sulphur disked into the top 6 inches of soil; 50o pounds of acid 
4-16-8 fertilizer applied in bands at planting. 

2. 8oo pounds of sulphur and 500 pounds of acid 4-16-8 fertilizer applied as 
in ( I ) .  

3. 40O pounds of sulphur plowed under to a depth of approximately 8 inches; 
500 pounds of acid 4-I6-8 fertilizer in bands at planting. 

4. 800 pounds of sulphur and 500 pounds of acid 4-16-8 fertilizer applied as in .~. 
5. 4oo pounds of sulphur plowed under as in 3 and 400 pounds disked in as in 

( I ) ;  5oo pounds of acid 4-16-8 fertilizer applied in bands at planting. 
6. 8oo pounds of sulphur plowed under and 8o0 pounds disked in and 500 pounds 

of acid 4-16-8 fertilizer applied in bands at planting (5). 
7. 2oo pounds of sulphur were mixed with 50o pounds of acid 4-16-8 fertilizer 

and the entire 7oo pounds applied per acre in bands at planting. 
8. 400 pounds of sulphur mixed with 50o pounds of acid 4-16-8 fertilizer and 

the entire 9oo pounds applied per acre in bands at planting. 
9. 5o0 pounds of acid 4-16-8 fertilizer per acre applied in bands at each side of 

and level with the seed piece. 
IO. 500 pounds of commercial 4-16-8 fertilizer applied as in (9). 
II. Seed pieces rolled in sulphur and 5oo pounds per acre of acid 4-16-8 fertilizer 

applied in bands at planting. 
12. 20o pounds of sulphur mixed with 5oo pounds of acid 4-16-8 fertilizer and 

the entire 70o pounds applied per acre in bands at planting; seed pieces rolled 
in sulphur. 
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MATERIALS AND METHODS 

The sulphur used was commercial sulphur flour. The acid fertilizer 
was made by mixing appropriate amounts of ammonium sulphate, special 
acid reacting superphosphate and potassium sulphate without lime filler 
The sulphur was applied to the soil surface with a grain drill and either 
disked into the soil or plowed under as required. First sulphur applica- 
tions were made in April, 1939. A second duplicate series of applications 
was made in October 1939, after harvest. Soil acidity readings were 
made in September, 1939, 1941 and 1942, and in July and in August, 
1940. Soil samples were taken from the potato hill with no attempt to 
determine whether the tubers in the hill were scabby. 

Untreated potatoes were planted on the plots in early May each 
year using a two-row mechanical planter. The Chippewa variety was 
used in these tests because of its susceptibility to scab. They were har- 
vested in late September each year. Records were made of the tubers 
harvested from 40 feet of the two center rows of the 8-row plots. 
Tubers were graded into four classes, namely--clean, light, moderate 
and heavy scab and the weight of each lot tabulated. The degree of scab- 
biness was arbitrarily determined as follows: light scab, : to 5 scab 
lesions ; moderate scab, 6 to 10 lesions ; heavy scab, more than 10 lesions ; 
and clean, no evidence of scab. Each grade of scabby tubers was weighed 
and its percentage of total yield taken as the scab index. In each of the 
four years, the light scab for the most part could have been included 
with the clean tubers as marketable potatoes. Only a few of the pota- 
toes graded as moderate scab and none of those graded as heavy scab 
could have been included as marketable. Since the grower is primarily 
interested in the salable part of his crop, the degree of scab control is 
expressed as percentage of clean tubers and salable tubers, including 
both clean and light scab. 

RESULTS OF 1939 

The average percentages of clean and salable tubers (clean and 
light scab) from the three replicated plots of each treatment in 1939 
are given in table 1. 

Just before harvesting, soil samples were taken from each plot and 
pH readings made. These data are presented in the table as an average 
for the three plots of each treatment. From the data in table 1, it is seen 
that with the exception of plots with treatment 9, the soil reaction was 
more acid than is usually considered as suitable for scab development. 
Also, it was considered too acid for optimum growth of the potato plant. 
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However, potato scab was found in abundance in all treated plots. It is 
also seen that there was a general increase in percentage and yield of 
both clean and salable tubers from all treated plots. 

Greatest increases in clean and also salable tubers were obtained 
from plots receiving 800 pounds of sulphur which was turned under to 
a depth of 6-8 inches followed by an application of 800 pounds, disked 
into the top 4 inches of soil. Increases in yield of clean tubers on all 
treated plots, ranged from 21 bushels to' 54 bushels compared with the 
check (treatment 10) in which no sulphur was used and 500 pounds per 
acre of commercial 4-16-8 fertilizer were applied. There also was an 
increase in clean and salable potatoes from plots treated with acid re- 
acting fertilizer (treatment 9.) There was no indication that the total 
yield of potatoes was reduced by additions of sulphur during the first 
year of the experiment but later, however, sulphur definitely depressed 
the yield. 

RESULTS IN 1940-1941 AND 1942 

In evaluating the results of soil treatments for the years 1940 to 
1942 inclusive, it must be noted that the applications of sulphur in May 
1939, were duplicated in October of that year. Thus each treated plot 
received twice as much sulphur for the season of 1940. No further sul- 
phur applications were made during 1940-1942. The additional sulphur 
applications were made to find out if the soil acidity could be increased 
to such an extent that growth of the scab organism would be further 
inhibited and what effect increased amounts of sulphur would have on 
growth of the potato plant. The result of the 1940 trials are presented 
in table 2. 

After  additional applications of sulphur in treatments 1 to 6 inclu- 
sive, the soil pH was higher in 1940 than in 1939. This may have been 
due to the fact that free sulphur, included in the first year's sample's, 
affected the reading. The 1939 tests were made with a "Soiltex" outfit 
and those in 1940 were made using colorimetric indicators. 

As in 1939, the percentage of clean tubers was increased over the 
check by all treatments with greatest increase from treatment 6 which 
had in two applications received 3200 pounds of sulphur, one-half of 
which was plowed under and one-half disked into the top 4-6 inches of 
soil. The smallest percentage increase was obtained from treatment 9 in 
which no sulphur was added to the soil but acid reacting fertilizer was 
applied in bands at time of planting. Increases in percentage of clean 
tubers compared with those of 1939 were obtained from treatments 
2 to 7 inclusive but decreases from treatments 1, 8, 9, 11 and 12. In- 
creases in percentage and yield of salable (clean and light scab) tubers 
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followed generally those of clean tubers. The highest percentage of clean 
tubers and the lowest total yields were obtained from treatment 6 re- 
ceiving the maximum sulphur application. The stand of plants was 
greatly reduced in 1940 on these plots, the number of plants on the 
three replicates being 40, 144 and 76 respectively. There also was evi- 
dence of sulphur injury on some of the tubers from this treatment. 

Although an application of acid 4-16-8 fertilizer alone or mixed 
with 200 or 400 pounds of sulphur reduced scab, the increases in clean 
tubers from these treatments were not so great as from the use of hear) 
application of sulphur worked into the soil before planting. 

Rolling the seed pieces in sulphur resulted in increased percentage 
of clean tubers as compared with applications of acid fertilizer alone. 

The results in 1941 were comparable to those of the previous year 
and are shown in table 3. The percentage of clean tubers was greatest 
on the treated plots. Treatment 6, again showed the least total yield and 
highest percentage of clean and salable tubers. The percentage of salable 
tubers was least from treatment 9 in which only acid reacting fertilizer 
was applied. The soil reactions showed a change to the more acid for 
each plot as compared with readings of 1940, the greatest lowering of 
pH being from treatments 5 and 6 receiving 1600 and 3200 pounds of 
sulphur respectively in two applications in 1939. It is interesting to 
note the difference of soil reaction in treatments 2, 3 and 5 showing ap- 
proximately the same percentage of clean tubers, 48.6 per cent, 52.6 
per cent and 53.7 per cent respectively with pH readings of 4.46, 4.28 
and 3.44. If soil acidity were the deternlining factor in scab infection, 
it would seem that there should be greater variation in percentage of 
clean tubers between these treatments. 

The total yields of tubers were much greater in I94I than in 
either previous year because of the favorable growing conditions. There 
was a reduction in yield probably due to previous heavy applications 
of sulphur on plots receiving treatment 6. There was also a slight reduc- 
tion in stand in these replicates. 

In October, 1941, applications of hydrated lime ~ere made at the 
rate of 1500 pounds per acre to the plots of treatment 6, which had 
previously received additions of 3200 pounds of sulphur per acre. This 
was done to find out if the scab organism had been killed by the pre- 
vious sulphur treatment or only inhibited in growth during the previous 
year. If it had been only inhibited, then increasing the soil pH should 
furnish better conditions for its growth and scab infection should also 
increase. Soil reaction in 1942 remained approximately as for 1941 on 
all plots except those receiving 1500 pounds of hydrated lime on which 



3 ~  THE AMERICAN POTATO ~OURNAL [ V o l .  ~I  

~L3 

l~ lj I I ~ D  

~ : o ~  o ~ . = ~ o =  . .  

, .~I  "~I , . .~I .  m ~ ,..~,,~ 

~-1 m m 

M m . . M M  

c-at~l~l~ s 

oO 
c~ 

~,-o 

' ~ o 0  oo 

�9 ~ -~  

~J 



1944] MUNCIE, et al: POTATO SCAB 301 

the reaction was changed from pH 3.79 to 5.38. Results for 1942, 
(table 4) show that for all treatments except numbers 10, the check 
and 12, there was a further decrease in percentage of clean and of 
salable tubers. In contrast with results of 1940 and 1941, the percent- 
age of clean tubers from treatment 6 dropped from 95.2 and 86.9 re- 
spectively to 34.1. These results show that the scab organism during 
previous years of the experiment had not been killed by the treatment 
and needed only more nearly optimum soil react{on to cause increased 
infection. Thus in these experiments, applications of sulphur afforded 
only temporary relief from scab infection while the soil reaction was 
too low for the best growth of the potato plant. When this level was 
raised to more nearly optimum for the growth of the crop, then scab 
increased rapidly on the current crop. Similar results were obtained 
by Eddins (5) in Florida where limestone was applied after  sulphur 
between potato crops for two years. 

It  is also indicated that soil acidity is not alone the controlling fac- 
tor in scab infection, as is shown by percentages of clean tubers in all 
plots with soil reaction less than pH 5.0. In every case with the excep- 
tion of treatments IO and I2 in I942 , the percentage of clean tubers 
was less than that on the same plots in 1941. It appears that free sul- 
phur in the soil also may have been at least partly responsible for de- 
crease in scab infection. It  is also shown that the scab organism may 
adjust itself to more acid soil conditions and produce infection under 
these conditions. 

DISCUSSION 

Several interesting facts are shown by the data in considering the 
results over the four-year period. The special acid fertilizer without 
sulphur applied in bands slightly increased the acidity of the soil in the 
region of the hill and increased the percentage of clean tubers, although 
it apparently had no different effect on the total yield or yield of salable 
potatoes in comparison with fertilizer of the usual non-acid type. 

Applications of sulphur were effective in reducing the soil reac- 
tion and in increasing the percentage of clean tubers and yield of salable 
potatoes, without greatly influencing the total yield per acre, except when 
applied in a manner that caused direct injury to the plant through 
contact with free sulphur. This is shown by the plots receiving band 
applications of 400 pounds of sulphur and 500 pounds of acid fer- 
tilizer per acre (treatment 8, I939). 

In I94o percentage yield of clean tubers was increased when the 
amount of sulphur applied was sufficient to decrease the soil reaction 
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enough to inhibit the growth of potatoes as in the case of the plots re- 
ceviing respectively I60o and 320o pounds per acre (treatments 5 and 
6). The soil reaction of these plots was too low for good growth, pH 3.4 
and 3.8. 8oo and I6OO pounds of sulphur per acre plowed under were 
more effective in reducing scab than the same amounts disked into the 
surface. Although I6OO pounds of sulphur per acre was more effective in 
scab control than 8oo pounds when disked into the surface, there was no 
difference when they were plowed under. The maximum benefits on 
this soil were obtained with treatment 5 (800 pounds plowed under plus 
800 pounds disked into surface). This plot as an average for the four 
years gave the highest total yield and the highest yield of salable pota- 
toes. The plot receiving twice this amount of sulphur, treatment 6 (1600 
pounds plowed under plus 1600 pounds disked into soil) yielded the 
largest percentage of clean potatoes, but since the total yield was much 
smaller the yield of salable potatoes was also much less. 

The application of sulphur in this experiment did not completely 
control potato scab in any case. The highest percentage of clean pota- 
toes was secured in 1940 on the plots that received 3200 pounds of sul- 
phur per acre, where the soil reaction, pH 4.2, was too low for best 
growth of potatoes. Only 4.3 per cent of the potatoes on these plots 
were scabby. However, where sufficient lime was applied in 1942 to 
bring the soil reaction to approximately pH 5.4 scab increased to 65.9 
per cent of the crop. 

In all treated plots with the exception of number 2, there was a 
slight decrease in 1941 in the percentage of clean potatoes as compared 
with the 1940 crop harvested after the second application of sulphur. 
In general, the soil reaction for these plots in 1941 showed in most cases 
lower pH than in 1940. In 1942, the soil pH was slightly higher than 
those of 1940 in all, with the exception of two plots. The percentage 
of clean potatoes on all treated plots except the check was much lower 
in I942 than in any of the previous years. 

SUMMARY 

1. Applications of acid fertilizer alone and in combination with sul- 
phur in bands or when used with sulphur plowed under or disked 
into the soil reduced potato scab infection. 

2. Greatest reduction of scab resulted from applications of 3200 
pounds of sulphur per acre and acid fertilizer but the yield of pota- 
toes was seriously reduced. 

3. The least amount of scab occurred in plots showing soil reactions of 
approximately pH 3.5-3.8. 



3o4 T ~  AMERICAN POTATO ~OURI~AL [VoL ~I 

4. I t  is shown that growth  of the potato scab organism was only par- 

tially inhibited in soils of low p H  and  that  it gradual ly  adapted 

itself to these conditions. 
5. W h e n  lime was added to raise the soil reaction to approximately 

5.4, scab became more severe. 
6. In  comparison with the crop of 1939 there was a noticeable de- 

crease in  percentage of clean potatoes in  the two crops following 

the second application of sulphur  in 1940, a l though the soil p H  in 

most plots remained lower, except where lime had been applied. 

LITERATURE CITED 

I. Blodgett, F. M. and F. B. Howe. 1934. Factors influencing the occurrence 
of potato scab in New York. Cornell Univ. Agr. Exp. Sta. Bul. 581. 

2. ~ and E. K. Cowan. 1935. Relative effects of calcium and acidity of the 
soil on the occurrence of potato scab. Amer. Potato Jour. 12:265-273. 

3. Cook, Harold T. and T. J. Nugent. 1939. The influence of acid-forming and 
non-acid forming fertilizer on the development of potato scab. Amer. 
Potato Jour. 16:I-I5. 

4. Dippenaar, B. J. 1933. Environmental and control studies of the common 
scab disease of potatoes caused by Ac~inornyces scabies (Thaxt.) Gfissow. 
Union of So. Africa Dept. of Agr. Science Bul. 136. 

S. Eddins, A. H. 1941. Effect of sulphur and limestone soil treatments on 
potato scab in sandy soil. Amer. Potato Jour. I8:312-316. 

6. Goss, R. W. 1934. A survey of potato scab and Fusarium wilt in Western 
Nebraska. Phytopath. 24:517-527. 

7. Ben Knight, Glenn. 1941. Studies on soil actinomycetes in relation to 
potato scab and its control. Mich. Agr. Exp. Sta. Tech. Bul. 178. 

8. Larson, R. H., A. R. Albert and .1. C. Walker. 1938. Soil reaction in rela- 
tion to potato scab. Amer. Potato Jour. 15:325-33o. 

9. Smith, Ora. 1937. Effect of soil reaction on growth, yield and market quality 
of potatoes. Cornell Univ. Agr. Exp. Sta. Bul. 664. 


