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During the period 1973 to 1976 we evaluated the control of powdery mildew, Erysiphe 
cichoracearum, by aircraft-applied sulfur on r i l l  irrigated Russet Burbank potatoes. In 1977 
we also tested EL-222, an experimental systemic fungicide on Norgold and Kennebec potatoes. 
Mildew was quite severe in al l  our t r ials ,  and sulfur  provided effective control. However 
yield increases attributed to the t reatments  were  found in only 2 out of 5 t r ials .  Sulfur dust o r  
liquid both gave control whether applied weekly o r  biweekly. Sulfur gave no control if applied 
af te r  infection was established. EL-222 was very  effective in controlling powdery mildew but 
unfortunately is no longer available for testing in the United States. 

INTRODUCTION 

Powdery mildew of potato was f i rs t  reported in central Washington in 1946 (8). It was 
observed ear l ie r  on greenhouse-grown potatoes in the eastern United States ( 6 ,  13) and has 
since been found in Utah (12)  and the eastern United States (10). Powdery mildew has been re-  
ported f rom Europe (7 ,  11, 14), the Middle East (9). South America (Z), Mexico (4) and New 
Zealand (5). 

Powdery mildew in the initial stages is easily overlooked since only very small  brown- 
i sh  elongated stipples occur on s tems and leaf petioles. A s  the disease becomes more severe 
the stipples become very numerous on interveinal t issue of leaves a s  well a s  on petioles and 
s tems.  In epidemics the lower leaves become chlorotic and drop, a white powdery (mildew) 
appears  over the plant surface, the leaf internodes between the terminal  petioles become 
twisted and brittle,  and the plant dies. The infected plant remains e rec t ,  not collapsing like a 
plant with a systemic wilt. Powdery mildew in the very susceptible Norgold Russet may appear 
the f i r s t  week of July and kill the plant by ear ly  August. Powdery mildew of the Russet Bur- 
bank usually doesn't become severe until middle o r  late  September and may never kill the 
plants. 

Menzies (8) in 1946 didn't feel  that powdery mildew caused commercial damage to po- 
tatoes near  Prosser ,  Washington. Since that time, however, powdery mildew has become a 
yearly threat to about 20,000 ac re s  of potatoes in eastern Washington that a r e  grown under rill 
irrigation. Powdery mildew presents no problem under sprinkler irrigation since water drop- 
le t s  wash away spores on potato foliage before infection occurs. 

In commercial fields, 3 to 5 applications of sulfur dust o r  liquid a r e  applied each seas-  
on by aircraft  for  powdery mildew control. Occasionally, however, even where sulfur has 
been applied, severe  powdery mildew symptoms have developed. The application of lime sul- 
fur  and sulfur  alone have adequately controlled powdery mildew on potato in I s rae l  (9). Appar- 
ently a i rc raf t  application of sulfur for  control had not been evaluated. 

11 This investigation was made possible through grants by the Washington State Potato Com- - 
mission and Lilly Research Laboratories. Special appreciation should be given to Nexus 
Chemicals who arranged for  off-station testing s i tes  and furnished sulfur for  the test,  
Quincy Flying Service who did the excellent job of flying sulfnr at a minimum charge, and 
Miller Farm,  Oda Fa rms ,  Don Walton F a r m  and Woodrow J. Goodwin and Sons F a r m  who 
furnished us test  s i tes  and tubers fo r  yield data a t  no cost. Project  1709. Scientific 
Pape r  No. 5005. Washington State University College of Agriculture Research Center. 

21 Plant Pathologist and Agricultural Research Technologist 111, Department of Plant Pathol- - 
ogy, Washington State University, Irrigated Agriculture Research and Extension Center, 
P ros se r ,  Washington 99350. 



In 1973 we started evaluating aircraft-applied sulfur dust and liquid for the control of 
powdery mildew. Time of f i r s t  sulfur application and frequency and number of subsequent ap- 
plications were studied. In 1971 the experimental systemic powdery mildew fungicide EL-222 
was compared with sulfur for  control. 

METHODS AND MATERIALS 

Sulfur dust (either 75 o r  98% elemental sulfur) a t  30 lh l a  and sulfur liquid (6 lb ai lgal)  
a t  3 lb su l fur ia  in 8-10 gal water la  were applied by fixed wing aircraft  to  plots 60 ft wide by 
200 ft in length. Treatments were randomized 3 to 8 times. F i r s t  applications were made in 
July when very few powdery mildew stipples had developed. Subsequent applications were 
made either weekly o r  biweekly until September (Table 1). In 1976 applications of liquid sul- 
fur  starting in July were compared to applications starting in August a f te r  plants had been in- 
fected. 

Powdery mildew symptoms were rated before and af te r  treatment and one o r  two 20 
f t  rows were harvested from each treatment in October. 

In 1977, EL-222 EC (a-(2-chloropbenyl) -a(4-chloropheny1)-5 pyrimidine methanol), 
a systemic fungicide, was applied at 2-  and 4-week intervals and compared with biweekly ap- 
plications of sulfur liquid. These treatments were applied with a hand sprayer  a t  25-30 psi 
on plots 9 ft wide by 20 ft in length, randomly arranged and replicated 6 t imes.  Symptom 
ratings and yields were taken a s  in previous t r ials .  

RESULTS 

Plots receiving aircraft  applications of sulfur dust and liquid had significantly l e s s  
powdery mildew than the control in 3 out of 4 fields during the period in 1973-75 (Table 1, 
Fields 1-73, 2-73, 3-74, and 4-75). In 1974 plots treated weekly with liquid sulfur had sig- 
nificantly less  powdery mildew than plots treated biweekly. Plots  treated weekly with liquid 
sulfur had less  powdery mildew than those treated with sulfur dust in 1974 but not in 1975 
(Table 1, Fields 3-74 and 4-75). When the liquid sulfur treatment was delayed until August 18 
af te r  noticeable infection had occurred, there was no control of powdery mildew (Table 1, 
Field 5-76). By October 5, powdery mildew was prevalent in al l  plots, regardless  of t reat-  
m ent. 

Sulfur applications had no affect on % U. S. No. 1 tubers  during four years  of testing 
(Table 1). Although sulfur gave good control of powdery mildew, yields were significantly in- 
creased in only two out of four years  (Table 1, Fields 1-73 and 4-75). There were no consis- 
tent differences in yields between plots receiving weekly and biweekly applications of sulfur 
nor between plots receiving dust o r  liquid forms of some sulfur. In 1976, even though the nine 
weekly applications of liquid sulfur controlled powdery mildew up to September 16, they did not 
increase yield (Table 1, Field 5-76). 

In the 1977 tr ial ,  EL-222 a t  either 30 o r  60 g / a  and at either 2- o r  4-week spray in- 
tervals  gave significantly more control of powdery mildew than liquid sulfur  and showed great 
promise for control of this disease (Table 2). Sulfur-treated plots again had l e s s  powdery 
mildew than untreated plots. Neither EL-222 o r  sulfur had any affect on % U. S. No. 1 tubers. 
There was no significant difference in yield between EL-222 and sulfur treatments, but al l  
t reatments  yielded significantly more than unsprayed plots. Unfortunately, EL-222 has been 
removed fo r  further testing in the United States. 

DISCUSSION 

Powdery mildew on rill irrigated Russet Burbank potatoes in the Columbia Basin be- 
comes noticeable with the f i rs t  part  of September and usually kills the plants by October. 
Aircraft  applications of sulfur dust o r  liquid reduced the amount of powdery mildew early in 



the fall but did not prevent it from killing the plants in the fall. Yield was increased by sulfur 
t reatments  in only 2 out of 4 years  of testing. In some years  powdery mildew on Russet Bur- 
hank appears only a t  time of natural senescence and.su1fur.provides little control. However. 
i f  la te  season severi ty i s  anticipated and the initial sulfur treatment is delayed until a uniform 
infection has occurred treatment is completely ineffective. 

Evidently inoculum is present throughout the season since powdery mildew can infect 
the very susceptible Norgold Russet in early July and kill plants 3 to 4 weeks later.  Plants of 
Russet Burhank that have physiologically aged such a s  those under a moisture s t r e s s  become 
infected ear l ie r  with powdery mildew. 

We question how this obligate parasite survives the winters since we have yet to find 
the overwintering cleistothecium (1). Possibly our  race  of the pathogen is not host specific 
on potato a s  thought (a), hut maybe is surviving on another Solanum spp. Wild Solanum 
dulcamara L. survives winters on protected r ive r  hanks hut powdery mildew hasn't been 
found on this species. Night shade, Solanum nigrum L. var. villosum L., a n  annual weed is a 
host of powdery mildew (8). However, we feel it would only provide seasonal and not over- 
wintering inoculum since we haven't ohserved cleistotheca on this host. Powdery mildew sur-  
vives as rest ing mycelia in overwintering volunteer potato tubers  in the field, however, no one 
has reported infection of tuber tissue. 
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Table 1 (continued) 

1 Sulfur dust: Fields 1-73, 2-73 and 3-74 received 30 lb/a of 75% sulfur; 4-75 received 
30 lh /a  of 98% sulfur. Sulfur liquid: Fields 1-73, 2-73, 3-74, 4-75 and 5-76 received 
0. 5 gal (6 lb ailgal) / a  in 8 to 10 gal of waterla. 

2 Powdery mildew index: O=no symptoms; 5=lesions on stems and petioles, and systemic 
infection of terminals; and lO=plants dead. 

3 Application started on either July 28 when only a trade of mildew was evident and on 
August 18 after a uniform infection occurred in a l l  plots. 

4 Vertical means followed by the same letter of the alphabet a r e  not significantly different 
according to Duncan's Multiple Range Test  at  the 5% level. 

5 No data recorded. 



Table 2. E f f e c t  of  EL-222 and s u l f u r  on powdery mildew c o n t r o l  and p o t a t o  p roduc t ion  i n  

a t r i a l  conducted i n  1977. 

Disease  % 
T o t a l  i n d e x '  l b  U.S. 

Spray a p p l i -  (0  - 10) No. 1 Yie ld  
Treatment and Act ive  I n g r e d i e n t  I(ate/a i n t e r v a l  c a t i o n s  Sept .  9 t u b e r s  cwt/a 

Norgold Russet  v a r i e t y  

EL-222 EC-12.5% a i -1  l b  a i l g a l  30 g 2 wk 7 1 c' 73 a 726 a 

EL-222 EC-12.5% a i -1  l b  a i l g a l  60 g 2 wk 72 1 c 69 a 719 a 

EL-222 EC-12.5% a i - 1  l b  a i l g a l  30 g 4 wk 4 2 c 69 a 711 a 

EL-222 EC-12.5% a i - 1  l b  a i l g a l  60 g 4 wk 4 2 c 7 1  a 682 a 

S u l f u r  f lowable - 6 l b  a i l g a l  3 l b  2 wk 7 4 b 7 1  a 624 a 

Unsprayed Cont ro l  -- -- - 9 a 65 a 479 b 

Kennebec v a r i e t y  

EL-222 EC-12.5% a i - 1  l b  a i l g a l  30 g 2 wk 7 2  I c 73 a 799 a 

EL-222 EC-12.5% a i - 1  l b  a i l g a l  60 g 2 wk 7 1 c 68 a 682 a b  

EL-222 EC-12.5% ai-1 l b  a i l g a l  30 g 4 wk 4 1 c 75 a 661 ab 

EL-222 EC-12.5% a i - 1  l b  a i l g a l  60 g 4 wk 4 3  1 c 74 a 719 ab 

S u l f u r  f lowable - 6 l b  a i l g a l  3 l b  2 wk 7 5 b 72 a 697 ab 

Unsprayed Cont ro l  -- -- - 7 a 78 a 472 c 

' Disease index: O=no powdery mildew; lO=severe sys temic  i n f e c t i o n ,  lower l e a f  d rop  and 

death.  

2 Sprayed on June 21, J u l y  6, Ju ly  20, August 2, August 16 ,  August 26 and September 8. 

3 Sprayed on June  21, J u l y  20, August 16 and September 8. 

q V e r t i c a l  means of t h e  same l e t t e r  of t h e  a lphabe t  a r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t  

accord ing  t o  Duncan's Mul t ip le  Range T e s t  a t  t h e  5% l e v e l .  


