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Potato Insect Management 2024 

5ǊΦ Lŀƴ aŀŎwŀŜΣ     

5ŜǇǘΦ ƻŦ 9ƴǘƻƳƻƭƻƎȅΣ  

¦Φ aƛƴƴŜǎƻǘŀ bƻǊǘƘǿŜǎǘ   

wŜǎŜŀǊŎƘ ϧ hǳǘǊŜŀŎƘ /ŜƴǘŜǊ нфлл 
¦ƴƛǾŜǊǎƛǘȅ !ǾŜΦ /ǊƻƻƪǎǘƻƴΣ ab рстмс 
ƛƳŀŎǊŀŜϪǳƳƴΦŜŘǳ нму нумπусмм  hŶŎŜ  
нму нумπусло  CŀȄ  

Executive Summary ï ¢Ƙƛǎ ƛǎ ŀ ǇǊƻƧŜŎǘ ǘƻ ŘŜǾŜƭƻǇ ŀƴŘ ǊŜŬƴŜ ƳŀƴŀƎŜƳŜƴǘ ǘŀŎǝŎǎ ŦƻǊ н ƻŦ ǘƘŜ ƳŀƧƻǊ 

ƛƴǎŜŎǘ ǇŜǎǘǎ ƻŦ ǇƻǘŀǘƻΣ /ƻƭƻǊŀŘƻ tƻǘŀǘƻ .ŜŜǘƭŜǎΣ ŀƴŘ !ǇƘƛŘ ±ŜŎǘƻǊǎ ƻŦ ǾƛǊǳǎ ŘƛǎŜŀǎŜ ƛƴ aƛƴƴŜǎƻǘŀ ŀƴŘ 

bƻǊǘƘ 5ŀƪƻǘŀΦ ¢Ƙƛǎ ǇǊƻǇƻǎŀƭ ǿƛƭƭ ƛƴŎƭǳŘŜΥ мύ ŎƻƴǝƴǳƛƴƎ ǘƻ ǳǇŘŀǘŜ ǘƘŜ ƎŜƻƎǊŀǇƘƛŎ ǇŀǧŜǊƴǎ ƻŦ ƛƴǎŜŎǝŎƛŘŜ 

ǊŜǎƛǎǘŀƴŎŜ ƛƴ aƛƴƴŜǎƻǘŀ ŀƴŘ bƻǊǘƘ 5ŀƪƻǘŀ /ƻƭƻǊŀŘƻ tƻǘŀǘƻ .ŜŜǘƭŜ ǇƻǇǳƭŀǝƻƴǎΣ ŀƴŘ нύ ƳŀƛƴǘŀƛƴƛƴƎ ŀƴ 

ŀǇƘƛŘ ǘǊŀǇǇƛƴƎ ŀƴŘ ƳƻƴƛǘƻǊƛƴƎ ƴŜǘǿƻǊƪ ŦƻǊ ŀǇƘƛŘ ǾŜŎǘƻǊǎ ƻŦ ǾƛǊǳǎ ŘƛǎŜŀǎŜ ƛƴ ǇƻǘŀǘƻŜǎ όŜǎǇŜŎƛŀƭƭȅ t±¸ύ 

ŀƴŘ ǇǊƻǾƛŘƛƴƎ ƴŜŀǊ ǊŜŀƭπǝƳŜ ƳŀǇǎ ƻŦ ŀǇƘƛŘ ǇƻǇǳƭŀǝƻƴ ŘƛǎǘǊƛōǳǝƻƴ ƛƴ ab ŀƴŘ b5 ǘƘǊƻǳƎƘƻǳǘ ǘƘŜ 

ƎǊƻǿƛƴƎ ǎŜŀǎƻƴΦ  ¢Ƙƛǎ ƛƴŦƻǊƳŀǝƻƴ ǿƛƭƭ ŀǎǎƛǎǘ ƛƴ ƳŀƪƛƴƎ ƳŀƴŀƎŜƳŜƴǘ ŘŜŎƛǎƛƻƴǎ ŦƻǊ /ƻƭƻǊŀŘƻ tƻǘŀǘƻ .ŜŜǘƭŜ 

ŀƴŘ ǘƘŜ ƳŀƴŀƎŜƳŜƴǘ ƻŦ ǾƛǊǳǎ ǾŜŎǘƻǊǎ ǘƻ ǇǊŜǾŜƴǘ ǘƘŜ ǎǇǊŜŀŘ ƻŦ t±¸ ǿƛǘƘƛƴ ǎŜŜŘ Ǉƻǘŀǘƻ ŬŜƭŘǎΦ   

Rationale ï /ƻƭƻǊŀŘƻ tƻǘŀǘƻ .ŜŜǘƭŜ ό/t.ύΣ Leptinotarsa decemlineata {ŀȅΣ ƛǎ ǘƘŜ Ƴƻǎǘ ŘŀƳŀƎƛƴƎ 

ŘŜŦƻƭƛŀǝƴƎ ƛƴǎŜŎǘ ǇŜǎǘ ƻŦ ǇƻǘŀǘƻŜǎ ƛƴ bƻǊǘƘ !ƳŜǊƛŎŀ ό!ƭȅƻƪƘƛƴ Ŝǘ ŀƭ нллтΣ !ƭȅƻƪƘƛƴ нллфύΦ Lƴ Ƴƻǎǘ ȅŜŀǊǎ 

ƛƴ aƛƴƴŜǎƻǘŀ ŀƴŘ bƻǊǘƘ 5ŀƪƻǘŀΣ ǘƘƛǎ ƛƴǎŜŎǘ ǘȅǇƛŎŀƭƭȅ Ƙŀǎ ŀ ǎƛƴƎƭŜ ǘǊǳŜ ƎŜƴŜǊŀǝƻƴΦ  ¢ƘŜȅ ƻǾŜǊǿƛƴǘŜǊ ŀǎ 

ŀŘǳƭǘǎ ƛƴ ŀǊŜŀǎ ǎǳǊǊƻǳƴŘƛƴƎ ǘƘŜ ǇǊŜǾƛƻǳǎ ȅŜŀǊΩǎ ǇǊƻŘǳŎǝƻƴ ŬŜƭŘΣ ŜƳŜǊƎƛƴƎ ƛƴ ǎǇǊƛƴƎ ǘƻ ŜƴǘŜǊ ŎǳǊǊŜƴǘ 

ǇǊƻŘǳŎǝƻƴ ŬŜƭŘǎΦ  ¢ƘŜ ƻǾŜǊǿƛƴǘŜǊŜŘ ŀŘǳƭǘǎ Řƻ ƳƛƴƛƳŀƭ ŦŜŜŘƛƴƎ ǿƘƛƭŜ ƳŀǝƴƎ ŀƴŘ ƭŀȅƛƴƎ ŜƎƎǎ ŀƴŘ ǘƘŜƴ 

ŘƛŜΦ  ¢ƘŜ ǊŜǎǳƭǝƴƎ ƭŀǊǾŀŜ ŀǊŜ ǎƛƎƴƛŬŎŀƴǘ ŜŀǊƭȅ ǎŜŀǎƻƴ ŘŜŦƻƭƛŀǘƻǊǎΣ ŦŜŜŘƛƴƎ ǾƻǊŀŎƛƻǳǎƭȅ όŜǎǇŜŎƛŀƭƭȅ ǘƘŜ ƻƭŘŜǊ 

ǎǘŀƎŜǎύ ŀǎ ǘƘŜȅ ƎǊƻǿ ŀƴŘ ƳƻƭǘΦ  !ƊŜǊ п ƭŀǊǾŀƭ ǎǘŀƎŜǎΣ ŎŀǳǎƛƴƎ ǘƘŜƛǊ ƎǊŜŀǘŜǎǘ ŘŀƳŀƎŜ ƛƴ ǘƘŜ ƭŀǎǘ нΣ ǘƘŜȅ ǿƛƭƭ 

ŜǾŜƴǘǳŀƭƭȅ ŘǊƻǇ ǘƻ ǘƘŜ ƎǊƻǳƴŘΣ ōǳǊǊƻǿ ƛƴǘƻ ǘƘŜ ǎƻƛƭΣ ŀƴŘ ǇǳǇŀǘŜΦ  {ǳƳƳŜǊ ŀŘǳƭǘǎ ŜƳŜǊƎŜ ŦǊƻƳ ǘƘŜ ǎƻƛƭ 

ŀƴŘ ŎŀǳǎŜ ŀ ǎŜŎƻƴŘ ǿŀǾŜ ƻŦ ǎŜǊƛƻǳǎ ŘŜŦƻƭƛŀǝƻƴ ŀǎ ǘƘŜȅ ŦŜŜŘ ǘƻ ǇǊŜǇŀǊŜ ŦƻǊ ƻǾŜǊǿƛƴǘŜǊƛƴƎΦ  ¦ƴǝƭ ǊŜŎŜƴǘƭȅΣ 

ǘƘƛǎ ƳŜŀƴǘ ǘǿƻ ŘƛǎǝƴŎǘ ǇŜŀƪǎ ƻŦ ŦŜŜŘƛƴƎ ŀƴŘ ƘŜŀǾȅ ŘŜŦƻƭƛŀǝƻƴ ƛƴ ŀ ƎǊƻǿƛƴƎ ǎŜŀǎƻƴΦ  .ŜƘŀǾƛƻǊŀƭ 

ǊŜǎƛǎǘŀƴŎŜ όŀ ƎŜƴŜǝŎŀƭƭȅ ŎƻƴǘǊƻƭƭŜŘ ōŜƘŀǾƛƻǊ ǘƘŀǘ ŀƭƭƻǿǎ ǘƘŜ ƛƴǎŜŎǘ ǘƻ ŀǾƻƛŘ ǘƘŜ ƛƴǎŜŎǝŎƛŘŜύ Ƙŀǎ ǊŜǎǳƭǘŜŘ 

ƛƴ ŀ ŘŜƭŀȅŜŘ ŜƳŜǊƎŜƴŎŜ ƻŦ ƻǾŜǊǿƛƴǘŜǊƛƴƎ ŀŘǳƭǘǎ όIǳǎŜǘƘ ϧ DǊƻǾŜǎ нлмлύΦ  ¢Ƙƛǎ ƳŜŀƴǎ ǿŜ ǎŜŜ ǘƘƛǎ Řǳŀƭ 

ǇŜŀƪ ǇƻǇǳƭŀǝƻƴ ŘƛǎǘǊƛōǳǝƻƴ ƭŜǎǎ ŦǊŜǉǳŜƴǘƭȅΦ   

Lƴ Ƴŀƴȅ ȅŜŀǊǎΣ ƎǊƻǿŜǊǎ ƴƻǿ ŦŀŎŜ ŀŘǳƭǘǎΣ ƭŀǊǾŀŜ ŀƴŘ ŜƎƎǎ ƛƴ ǘƘŜ ǎŀƳŜ ŬŜƭŘ ŀǎ ƭŀǘŜ ŀǎ WǳƭȅΦ ¢Ƙƛǎ Ƙŀǎ 

ǊŜǎǳƭǘŜŘ ƛƴ ŀ ƎǊƻǿƛƴƎ ǊŜǉǳƛǊŜƳŜƴǘ ŦƻǊ ŦƻƭƛŀǊ ŀǇǇƭƛŜŘ ƛƴǎŜŎǝŎƛŘŜǎ ǘƻ ƳŀƴŀƎŜ /t. ǇƻǇǳƭŀǝƻƴǎ  

²ƘƛƭŜ ǘƘŜ ōŜŜǘƭŜǎ ǿƛƭƭ ŦŜŜŘ ƻƴ ŀƴȅ ǾŀǊƛŜǘȅ ƻŦ ǇƻǘŀǘƻΣ Ƴŀƴȅ ƻŦ ǘƘŜ ǾŀǊƛŜǝŜǎ ǇǊƻŘǳŎŜŘ ƛƴ  

ab ŀƴŘ b5 ǎŜŜƳ ǘƻ ōŜ ǿŜƭƭ ŀŎŎŜǇǘŜŘΦ  ¢ƘŜǊŜ ƛǎΣ ƘƻǿŜǾŜǊΣ ǎƻƳŜ ǾŀǊƛŜǘŀƭ ǇǊŜŦŜǊŜƴŎŜ ƛƴ /t.Τ ǎŜǾŜǊŀƭ 

ƎǊƻǿŜǊǎ ƘŀǾŜ ǊŜǇƻǊǘŜŘ ŀ ŦƻƴŘƴŜǎǎ ŦƻǊ ǇŀǊǝŎǳƭŀǊ ǾŀǊƛŜǝŜǎΦ  CƻǊ ŜȄŀƳǇƭŜΣ ŎƻƳƳŜǊŎƛŀƭ ƎǊƻǿŜǊǎ ǿƛǘƘ 

ƎŀǊŘŜƴǎ ƘŀǾŜ ŎƻƳƳŜƴǘŜŘ ǘƘŀǘ ΨǇǳǊǇƭŜǎΩ ŀǊŜ ǘƘŜ ŬǊǎǘ ǘƘƛƴƎ /t. ŀǧŀŎƪΦ  tǊŜŦŜǊŜƴŎŜ ŦƻǊ ŦŜŜŘƛƴƎ ƻƴ 

ǾŀǊƛŜǝŜǎ ƛǎ ǘƘŜ ōŀǎƛǎ ŦƻǊ ǘǊŀǇ ŎǊƻǇǇƛƴƎΤ ǇƭŀƴǝƴƎ ŀ ƘƛƎƘƭȅ ǎǳǎŎŜǇǝōƭŜκǇǊŜŦŜǊǊŜŘ ǾŀǊƛŜǘȅ ŀǘ ǘƘŜ ŬŜƭŘ ŜŘƎŜ ǘƻ 

ŎƻƴŎŜƴǘǊŀǘŜ ǇƻǇǳƭŀǝƻƴǎ ƛƴ ŀƴ Ŝŀǎƛƭȅ ǘǊŜŀǘŜŘ ŀǊŜŀΦ     

{ƛƴŎŜ ǘƘŜ мффлΩǎΣ ŀǘπǇƭŀƴǘ ŀǇǇƭƛŎŀǝƻƴǎ ƻŦ ƴŜƻƴƛŎƻǝƴƻƛŘ ƛƴǎŜŎǝŎƛŘŜǎ ƘŀǾŜ ǇǊƻǾƛŘŜŘ ŀŘŜǉǳŀǘŜ ŎƻƴǘǊƻƭ ƻŦ 

/t. ǇƻǇǳƭŀǝƻƴǎΦ ¦ƴŦƻǊǘǳƴŀǘŜƭȅΣ ǘƘƛǎ ǘŀŎǝŎ ƛǎ ōŜŎƻƳƛƴƎ ƭŜǎǎ ŜũŜŎǝǾŜΦ  ¢Ƙƛǎ ƛƴǎŜŎǘ Ƙŀǎ ŀ ǇǊƻƴƻǳƴŎŜŘ 

ŀōƛƭƛǘȅ ǘƻ ŘŜǾŜƭƻǇ ƛƴǎŜŎǝŎƛŘŜ ǊŜǎƛǎǘŀƴŎŜ ό²ŜƛǎȊ Ŝǘ ŀƭΦ мффпΣ !ƭȅƻƪƘƛƴ Ŝǘ ŀƭΦ нллтύ όCƛƎ мύΦ  [ƻǿŜǊ 
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ǎǳǎŎŜǇǝōƛƭƛǘȅ ǘƻ ƴŜƻƴƛŎƻǝƴƻƛŘǎ όǘƘŜ ŬǊǎǘ ǎǘŀƎŜ ƻŦ ŀ ǇƻǇǳƭŀǝƻƴ ŘŜǾŜƭƻǇƛƴƎ ǊŜǎƛǎǘŀƴŎŜύ ŀƴŘ Ŧǳƭƭ ǊŜǎƛǎǘŀƴŎŜ 

ǘƻ ǎŜǾŜǊŀƭ ƻǘƘŜǊ ƛƴǎŜŎǝŎƛŘŜ ƳƻŘŜǎ ƻŦ ŀŎǝƻƴ ƘŀǾŜ ōŜŜƴ ŘƻŎǳƳŜƴǘŜŘ ƛƴ ab ϧ b5 ŦƻǊ ǎŜǾŜǊŀƭ ȅŜŀǊǎΦ  

wŜǎƛǎǘŀƴŎŜ ǘƻ ƴŜƻƴƛŎƻǝƴƻƛŘǎ ƛǎ ŜǎǘŀōƭƛǎƘŜŘ ƛƴ /ŜƴǘǊŀƭ ab ŀƴŘ ƛǎ ƛƴŎǊŜŀǎƛƴƎ ƛƴ ǘƘŜ wŜŘ wƛǾŜǊ ±ŀƭƭŜȅ ƻŦ ab 

ŀƴŘ b5 όaŀŎwŀŜΣ нлмфύΦ  ¢ƘŜ ŘŜŎǊŜŀǎƛƴƎ ŜŶŎŀŎȅ ƻŦ ŀǘπǇƭŀƴǘ ŀǇǇƭƛŎŀǝƻƴǎ ƻŦ ƴŜƻƴƛŎƻǝƴƻƛŘ ƛƴǎŜŎǝŎƛŘŜǎ 

Ƙŀǎ ǊŜǎǳƭǘŜŘ ƛƴ ŀƴ ƛƴŎǊŜŀǎƛƴƎ ǊŜƭƛŀƴŎŜ ƻƴ ŦƻƭƛŀǊ ƛƴǎŜŎǝŎƛŘŜǎΦ   

/ƻƭƻǊŀŘƻ tƻǘŀǘƻ .ŜŜǘƭŜ ƛǎ ƻƊŜƴ 

ǊŜŦŜǊǊŜŘ ǘƻ ŀǎ ŀ Ψ{ǳǇŜǊtŜǎǘΩ 

ōŜŎŀǳǎŜ ƻŦ ƛǘǎ ŀōƛƭƛǘȅ ǘƻ ŘŜǾŜƭƻǇ 

ǊŜǎƛǎǘŀƴŎŜ ǘƻ ƛƴǎŜŎǝŎƛŘŜǎ όŬƎ мύΦ  

¢ƘŜǊŜ ŀǊŜ ǎŜǾŜǊŀƭ ƳŜŎƘŀƴƛǎƳǎ 

ǿƘŜǊŜōȅ ƛƴǎŜŎǘǎ Ŏŀƴ ƘŀǾŜ 

ƛƴǎŜƴǎƛǝǾƛǘȅ ǘƻ ƛƴǎŜŎǝŎƛŘŜǎΦ  

/ƻƭƻǊŀŘƻ tƻǘŀǘƻ .ŜŜǘƭŜ ƘŀǾŜ 

ŘŜƳƻƴǎǘǊŀǘŜŘ ōŜƘŀǾƛƻǊŀƭ 

ǊŜǎƛǎǘŀƴŎŜΣ ǊŜŘǳŎŜŘ ǇŜƴŜǘǊŀǝƻƴ ƻŦ 

ƛǘǎ ŎǳǝŎƭŜ ōȅ ƛƴǎŜŎǝŎƛŘŜǎΣ ƛƴŎǊŜŀǎŜŘ 

ŜȄŎǊŜǝƻƴ ǊŀǘŜ ƻŦ ƛƴǎŜŎǝŎƛŘŜǎΣ 

ŜƴƘŀƴŎŜŘ ŜƴȊȅƳŀǝŎ ƳŜǘŀōƻƭƛǎƳ ƻŦ 

ǘƻȄƛƴǎΣ ŀƴŘ ƛƴǎŜƴǎƛǝǾƛǘȅ ƻŦ ǘƘŜ 

ŀŎǝǾŜ ƛƴƎǊŜŘƛŜƴǘΩǎ ǘŀǊƎŜǘ ǎƛǘŜΦ  Lƴ 

ƻǘƘŜǊ ǿƻǊŘǎΣ ŘƛũŜǊŜƴǘ ǇƻǇǳƭŀǝƻƴǎ 

ƘŀǾŜΥ ŀǾƻƛŘŜŘ ǇŜǎǝŎƛŘŜǎΣ ƻǊ 

ǇǊŜǾŜƴǘŜŘ ǘƘŜƳ ŦǊƻƳ ŜƴǘŜǊƛƴƎ ǘƘŜ 

ōƻŘȅΣ ƻǊ ŜȄŎǊŜǘŜŘ ǘƘŜƳ ōŜŦƻǊŜ ǘƘŜȅ ŎƻǳƭŘ ōŜ ŀōǎƻǊōŜŘ ŀŎǊƻǎǎ ǘƘŜ ƎǳǘΣ ƻǊ ōǊƻƪŜƴ ǘƘŜƳ Řƻǿƴ ǿƛǘƘ 

ŜƴȊȅƳŜǎ ƛŦ ǘƘŜȅ ŘƛŘ ƎŜǘ ŀŎǊƻǎǎ ǘƘŜ ƎǳǘΣ ƻǊ ŎƘŀƴƎŜŘ ǘƘŜ ǇŀǊǘ ƻŦ ǘƘŜ ōƻŘȅ ǘƘŜ ƛƴǎŜŎǝŎƛŘŜ ƛǎ ŘŜǎƛƎƴŜŘ ǘƻ 

ŜũŜŎǘΣ ƻǊ ǎŜǾŜǊŀƭ ƻŦ ǘƘŜ ŀōƻǾŜΗ  ²ƘƛƭŜ ƛǘ ƛǎ ǊŀǊŜ ǘƻ ŬƴŘ ŀƭƭ ƻŦ ǘƘŜǎŜ ƳŜŎƘŀƴƛǎƳǎ ƛƴ ǘƘŜ ǎŀƳŜ ǇƻǇǳƭŀǝƻƴΣ ƛǘ 

ƛǎ ƴƻǘ ǳƴǳǎǳŀƭ ǘƻ ŬƴŘ ŀ ǇƻǇǳƭŀǝƻƴ ǘƘŀǘ Ƙŀǎ ǎŜǾŜǊŀƭ ƻŦ ǘƘŜǎŜ ƳŜŎƘŀƴƛǎƳǎ ŦǳƴŎǝƻƴƛƴƎΦ  ¢ƘŜǊŜ ŀǊŜ ǎŜǾŜǊŀƭ 

ǊŜŀǎƻƴǎ /t. ŀǊŜ ǎƻ ǇǊƻƴŜ ǘƻ ŘŜǾŜƭƻǇ ǊŜǎƛǎǘŀƴŎŜ ǘƻ ƛƴǎŜŎǝŎƛŘŜǎΤ ǘƘŜ ƛƴǎŜŎǘΩǎ ƘƛƎƘƭȅ ŀŘŀǇǘŀōƭŜ ƎŜƴƻǘȅǇŜΣ 

ŀōƛƭƛǘȅ ǘƻ ŜƴȊȅƳŀǝŎŀƭƭȅ ŘŜƎǊŀŘŜ ǘƻȄƛƴǎ ǿƛǘƘ ƛǘǎ ŀŎǝǾŜ ƳƛȄŜŘπŦǳƴŎǝƻƴ ƻȄƛŘŀǎŜ ǎȅǎǘŜƳΣ ƛǘǎ ǇǊŜŀŘŀǇǝǾŜ 

ŀōƛƭƛǘȅ ǘƻ ŎƻƴǎǳƳŜ ƘƛƎƘƭȅ ǘƻȄƛŎ ǎǳōǎǘŀƴŎŜǎ όǘƘŜȅ ƘŀǇǇƛƭȅ ŦŜŜŘ ƻƴ ƴƛƎƘǘǎƘŀŘŜǎύΣ ŀƴŘ ƛǘǎ ŦŜŜŘƛƴƎ ƛƴ ŀ ǎȅǎǘŜƳ 

ǘƘŀǘ ǊŜǉǳƛǊŜǎ ƘƛƎƘ ŀƎǊƻŎƘŜƳƛŎŀƭ ƛƴǇǳǘǎΦ  /ƻƴǎƛŘŜǊŜŘ ǘƻƎŜǘƘŜǊΣ ƛǘΩǎ ƻōǾƛƻǳǎ /ƻƭƻǊŀŘƻ tƻǘŀǘƻ .ŜŜǘƭŜΩǎ 

ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ ǊŜǎƛǎǘŀƴŎŜ ǘƻ ŀƴ ƛƴǎŜŎǝŎƛŘŜ ƛǎ ŀ ǿƘŜƴΣ ƴƻǘ ŀƴ ƛŦΦ  

5ŀǘŀ ŦǊƻƳ ab ŀƴŘ b5 ƎŀǘƘŜǊŜŘ нлмтπмф ƛƴŘƛŎŀǘŜŘ ƛƴ ǎƻƳŜ ƭƻŎŀǝƻƴǎΣ ƴƻǘ ƻƴƭȅ ƛǎ ǘƘŜ ŜŶŎŀŎȅ ƻŦ 

ƴŜƻƴƛŎƻǝƴƻƛŘ ƛƴǎŜŎǝŎƛŘŜǎ ŘŜŎǊŜŀǎƛƴƎΣ ōǳǘ ŜŶŎŀŎȅ ǘƻ ƻǘƘŜǊ ƳƻŘŜǎ ƻŦ ŀŎǝƻƴ ƛǎ ŘŜŎǊŜŀǎƛƴƎ ŀǎ ǿŜƭƭ 

όaŀŎwŀŜ нлмфύΦ ¢Ƙƛǎ ŘŜŎǊŜŀǎƛƴƎ ǎŜƴǎƛǝǾƛǘȅ ǘƻ ƻǘƘŜǊ ƛƴǎŜŎǝŎƛŘŜǎ ƛǎ ŜǎǇŜŎƛŀƭƭȅ ŎƻƴŎŜǊƴƛƴƎΦ tƻǇǳƭŀǝƻƴǎ ƻŦ 

/t. ƛƴ ŎŜƴǘǊŀƭ ab ǎƘƻǿŜŘ ǘƻƭŜǊŀƴŎŜ ǘƻ ŀōŀƳŜŎǝƴ ōŀǎŜŘ ƛƴǎŜŎǝŎƛŘŜǎ όŜΦƎΦ !ƎǊƛaŜƪύ ŀƴŘ ǇƻǇǳƭŀǝƻƴǎ 

ŦǊƻƳ ŀǘ ƭŜŀǎǘ ƻƴŜ ǎƛǘŜ ƛƴ b5 ǎƘƻǿŜŘ ƛƴŎǊŜŀǎŜŘ ǘƻƭŜǊŀƴŎŜ ƻŦ ŀƴ ŀƴǘƘǊŀƴƛƭƛŎ ŘƛŀƳƛŘŜ όŎƘƭƻǊŀƴǘǊŀƴƛƭƛǇǊƻƭŜΣ 

ŜΦƎΦ /ƻǊŀƎŜƴύΦ  Lƴ ŀŘŘƛǝƻƴΣ ǇƻǇǳƭŀǝƻƴǎ ŦǊƻƳ ǘǿƻ ƻǊƎŀƴƛŎ ǇǊƻŘǳŎǝƻƴ ǎƛǘŜǎ ƛƴ ab ƘŀǾŜ ǎƘƻǿƴ ǎƛƎƴƛŬŎŀƴǘ 

ƭŜǾŜƭǎ ƻŦ ǊŜǎƛǎǘŀƴŎŜ ǘƻ .ƭŀŎƪƘŀǿƪ ό{ǇƛƴƻǎŀŘύΣ ǿƘƛŎƘ ƛǎ ƭƛƪŜƭȅ ŀ ǊŜǎǳƭǘ ƻŦ ƻǾŜǊǳǎŜΦ  wŜǎǳƭǘǎ ŦǊƻƳ нлно 

ǘŜǎǝƴƎ ŀƭǎƻ ƛƴŘƛŎŀǘŜŘ ǘƘƛǎ ǇŀǧŜǊƴ ǎŜŜƳǎ ǿŜƭƭπŜǎǘŀōƭƛǎƘŜŘΦ  

LŦ ŦƻƭƛŀǊ ƳŀƴŀƎŜƳŜƴǘ ǇǊƻƎǊŀƳǎ ŀǊŜ ǘƻ ǊŜƳŀƛƴ ŜũŜŎǝǾŜ ŀƎŀƛƴǎǘ aƛƴƴŜǎƻǘŀ ŀƴŘ bƻǊǘƘ 5ŀƪƻǘŀ /t. 

ǇƻǇǳƭŀǝƻƴǎΣ ǿŜ Ƴǳǎǘ ƳŀƴŀƎŜ ǇƻǘŜƴǝŀƭ ǊŜǎƛǎǘŀƴŎŜΦ  Lǘ ƛǎ ƴŜŎŜǎǎŀǊȅ ǘƻ ƪƴƻǿ ǇǊƛƻǊ ǘƻ ŀǇǇƭƛŎŀǝƻƴ ƛŦ 

  
CƛƎǳǊŜ мΦ ¢ƘŜ ŎǳƳǳƭŀǝǾŜ ƴǳƳōŜǊ ƻŦ ƛƴǎŜŎǝŎƛŘŜ ŀŎǝǾŜ  
ƛƴƎǊŜŘƛŜƴǘǎ ǘƻ ǿƘƛŎƘ /ƻƭƻǊŀŘƻ tƻǘŀǘƻ .ŜŜǘƭŜ Ƙŀǎ ŘŜǾŜƭƻǇŜŘ  
ǊŜǎƛǎǘŀƴŎŜΣ мфрл π нллсΦ ό ²Ƙŀƭƻƴ  нллуύΦ   



р 
 

ǊŜǎƛǎǘŀƴŎŜΣ ƻǊ ŜǾŜƴ ƛƴŎǊŜŀǎƛƴƎ ǘƻƭŜǊŀƴŎŜΣ ǘƻ ǇǊƻŘǳŎǘǎ Ƙŀǎ ōŜŜƴ ƴƻǘŜŘΦ  hǘƘŜǊǿƛǎŜΣ ŀǇǇƭƛŎŀǝƻƴ Ƴŀȅ 

ŎƻƴǘǊƛōǳǘŜ ǘƻ ǘƘŜ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ ŦǳǊǘƘŜǊ ǊŜǎƛǎǘŀƴŎŜΦ  

/ƻƴǎŜǉǳŜƴǘƭȅΣ ƛƴŦƻǊƳŀǝƻƴ ƻƴ ǘƘŜ ǊŜƭŀǝǾŜ ŜŶŎŀŎȅ ƻŦ ǘƘŜ ŀǾŀƛƭŀōƭŜ ƛƴǎŜŎǝŎƛŘŜǎ ƛǎ ƴŜŎŜǎǎŀǊȅ ǘƻ ŘŜǾŜƭƻǇ 

ǿƻǊƪƛƴƎ ƛƴǎŜŎǝŎƛŘŜ ǊŜǎƛǎǘŀƴŎŜ ƳŀƴŀƎŜƳŜƴǘ ǇǊƻƎǊŀƳǎΦ  ¢ƘŜ ƻƴƭȅ ǿŀȅ ǘƻ ŀŎƘƛŜǾŜ ǘƘƛǎ ƛƴŦƻǊƳŀǝƻƴ ƛǎ ǘƻ 

ƎŀǘƘŜǊ ŀƴŘ ǘŜǎǘ ǇƻǇǳƭŀǝƻƴǎ ƻŦ /t. ŦǊƻƳ ŘƛũŜǊŜƴǘ ƭƻŎŀǝƻƴǎ ƛƴ ab ŀƴŘ b5 ŀƴŘ ŎƻƳǇŀǊŜ ǘƘŜƛǊ 

ǎǳǎŎŜǇǝōƛƭƛǘȅ ǘƻ ƛƴǎŜŎǝŎƛŘŜǎ ǘƻ ŀ ǎǳǎŎŜǇǝōƭŜ ǇƻǇǳƭŀǝƻƴΦ  ²Ŝ ŎǳǊǊŜƴǘƭȅ Ƴŀƛƴǘŀƛƴ ǎǳŎƘ ŀ ΨƴŀƠǾŜΩ Ŏƻƭƻƴȅ 

όƛΦŜΦ ǘƘŜ ŜƴǝǊŜ Ŏƻƭƻƴȅ Ƙŀǎ ƘƛǎǘƻǊƛŎŀƭƭȅ ƴŜǾŜǊ ŜȄǇƻǎŜŘ ǘƻ ŀƴȅ ƛƴǎŜŎǝŎƛŘŜ ŀƴŘ ǘƘŜǊŜŦƻǊŜ ǎƘƻǳƭŘ ōŜ 

ǎǳǎŎŜǇǝōƭŜ ǘƻ ƳƻǎǘΣ ƛŦ ƴƻǘ ŀƭƭ ƛƴǎŜŎǝŎƛŘŜ ƳƻŘŜǎ ƻŦ ŀŎǝƻƴύ ŀǘ ǘƘŜ ¦abπb²wh/ ƛƴ /ǊƻƻƪǎǘƻƴΦ  

  

bƻǊǘƘ !ƳŜǊƛŎŀ ǎŜŜŘ Ǉƻǘŀǘƻ ǇǊƻŘǳŎǝƻƴ ƛǎ ǎǳũŜǊƛƴƎ ŀƴ ŜǇƛŘŜƳƛŎ ƻŦ ŀǇƘƛŘπǾŜŎǘƻǊŜŘ ǾƛǊǳǎ ǇŀǘƘƻƎŜƴǎ 

ŎŀǳǎƛƴƎ ŘƛǎŜŀǎŜǎ ǎǳŎƘ ŀǎ tƻǘŀǘƻ [ŜŀŦ wƻƭƭ όt[w±ύ ŀƴŘ tƻǘŀǘƻ ±ƛǊǳǎ ¸ όt±¸ύΦ t[w± ƛǎ ŀ ƴƻƴπǇŜǊǎƛǎǘŜƴǘ 

όŎƛǊŎǳƭŀǝǾŜύ ǾƛǊǳǎΤ ǘƘŀǘ ƳŜŀƴǎ ŀƊŜǊ ǘƘŜ ƛƴǎŜŎǘ ŀŎǉǳƛǊŜǎ ǘƘŜ ǾƛǊǳǎ ŦǊƻƳ ŀƴ ƛƴŦŜŎǘŜŘ Ǉƭŀƴǘ ŀƴŘ ǘƘŜ ǾƛǊǳǎ Ƙŀǎ 

ǘƻ ǳƴŘŜǊƎƻ ŀ ǊŜǇǊƻŘǳŎǝǾŜ ǇŜǊƛƻŘ ƛƴǎƛŘŜ ǘƘŜ ƛƴǎŜŎǘ ǾŜŎǘƻǊ ōŜŦƻǊŜ ƛǘ Ŏŀƴ ōŜ ǘǊŀƴǎƳƛǧŜŘ ǘƻ ŀƴƻǘƘŜǊ ǇƭŀƴǘΦ  

¢Ƙƛǎ ƛǎ ŎŀƭƭŜŘ ŀ latency periodΣ ŀƴŘ ƛƴ t[w± ƛǘ ƛǎ ŀǇǇǊƻȄƛƳŀǘŜƭȅ тн ƘƻǳǊǎΦ  /ƻƴǎŜǉǳŜƴǘƭȅΣ t[w± ƛǎ ƻƊŜƴ 

ǘǊŀƴǎƳƛǧŜŘ ōȅ ŀǇƘƛŘǎ ǘƘŀǘ ŎƻƭƻƴƛȊŜ ǇƻǘŀǘƻΤ ŀ ǿƛƴƎŜŘ ŦŜƳŀƭŜ ƭŀƴŘǎ ƻƴ ǘƘŜ ǇƭŀƴǘΣ ŘŜŎƛŘŜǎ ƛǘΩǎ ŀ ǎǳƛǘŀōƭŜ 

ŦƻƻŘ ǎǇŜŎƛŜǎ ŀƴŘ ŘŜǇƻǎƛǘǎ ŀ ŘŀǳƎƘǘŜǊ ŀǇƘƛŘΣ ǿƘƛŎƘ ǊŜǇǊƻŘǳŎŜǎΣ ǊŜǎǳƭǝƴƎ ƛƴ ŀ ƴŜǿ Ŏƻƭƻƴȅ ƻŦ ŀǇƘƛŘǎΦ ¢ƘŜ 

оπŘŀȅ ƭŀǘŜƴŎȅ ƳŜŀƴǎ t[w± ǘǊŀƴǎƳƛǎǎƛƻƴ Ŏŀƴ ōŜ ŎƻƴǘǊƻƭƭŜŘ ōȅ ǿŜƭƭπǝƳŜŘ ŀǇǇƭƛŎŀǝƻƴǎ ƻŦ ǘǊŀŘƛǝƻƴŀƭ 

ƛƴǎŜŎǝŎƛŘŜǎ όǘƘŜǊŜΩǎ ŜƴƻǳƎƘ ǝƳŜ ŦƻǊ ǘƘŜ ƛƴǎŜŎǝŎƛŘŜ ǘƻ ƪƛƭƭ ǘƘŜ ŀǇƘƛŘǎ ōŜŦƻǊŜ ƛǘ Ŏŀƴ ǘǊŀƴǎƳƛǘ ǘƘŜ ǾƛǊǳǎύΦ   

/ƻƴǾŜǊǎŜƭȅΣ t±¸ ƛǎ ŀ ƴƻƴπǇŜǊǎƛǎǘŜƴǘ ǾƛǊǳǎΤ ǘƘŜǊŜ ƛǎ ƴƻ ƭŀǘŜƴŎȅ ǇŜǊƛƻŘΦ  ¢ƘŜ ǾƛǊǳǎ Ŏŀƴ ōŜ ŀŎǉǳƛǊŜŘ ōȅ ŀƴ 

ƛƴǎŜŎǘ ǾŜŎǘƻǊ ŦǊƻƳ ŀƴ ƛƴŦŜŎǘŜŘ Ǉƭŀƴǘ ŀƴŘ ǘǊŀƴǎƳƛǧŜŘ ǘƻ ŀƴ ǳƴƛƴŦŜŎǘŜŘ Ǉƭŀƴǘ ƛƴ ƳƛƴǳǘŜǎ ό.ǊŀŘƭŜȅ мфрпύΦ  

t±¸ Ŏŀƴ ōŜ ǘǊŀƴǎƳƛǧŜŘ ƳŜŎƘŀƴƛŎŀƭƭȅ ŀǎ ǿŜƭƭ ŀǎ ōƛƻƭƻƎƛŎŀƭƭȅΦ  LƴŦŜŎǝƻƴ ƛǎ ƪƴƻǿƴ ǘƻ ƻŎŎǳǊ Řƻǿƴ ǘǊŀŎǘƻǊ 

Ǌƻǿǎ ŀƴŘ ƻƴ ŎǳǩƴƎ ǘŀōƭŜǎΦ  Lƴ ŦŀŎǘΣ ǎƻƳŜ ōƛƻƭƻƎƛŎŀƭ ǘǊŀƴǎƳƛǎǎƛƻƴ Ŏŀƴ ŀƭǎƻ ōŜ ŎƻƴǎƛŘŜǊŜŘ ƳŜŎƘŀƴƛŎŀƭΤ 

ǾƛǊǳǎ ǇŀǊǝŎƭŜǎ ŀŘƘŜǊŜ ǘƻ ŀǇƘƛŘ ƳƻǳǘƘǇŀǊǘǎ ǿƘƛƭŜ ǘƘŜȅ ǎǳŎƪ ǎŀǇ ŀƴŘ ŀǊŜ ǿƛǇŜŘ ƻũ ƻƴ ǘƘŜ ƴŜȄǘ Ǉƭŀƴǘ ǳǇƻƴ 

ǿƘƛŎƘ ƛǘ ŦŜŜŘǎΦ    

.ŜŎŀǳǎŜ ƛǘ ƛǎ ŀ ƴƻƴπǇŜǊǎƛǎǘŜƴǘ ǾƛǊǳǎΣ t±¸ ƛǎ ƻƊŜƴ ǾŜŎǘƻǊŜŘ ōȅ ŀǇƘƛŘ ǎǇŜŎƛŜǎ ǿƘƛŎƘ Řƻ ƴƻǘ ŎƻƭƻƴƛȊŜ ǇƻǘŀǘƻΦ 

Lƴ ŦŀŎǘΣ ǿƛǘƘ ǊŜƎŀǊŘǎ ǘƻ t±¸ ǘǊŀƴǎƳƛǎǎƛƻƴΣ ǘƘŜ ǾŜŎǘƻǊ ȅƻǳ ŘƻƴΩǘ ǎŜŜ ƻƴ ǘƘŜ Ǉƭŀƴǘ ƛǎ ƻƊŜƴ ƳƻǊŜ ƛƳǇƻǊǘŀƴǘ 

ǘƘŀƴ ǘƘŜ ƻƴŜǎ ȅƻǳ Řƻ ǎŜŜΦ  ! ƴƻƴπŎƻƭƻƴƛȊƛƴƎ ŀǇƘƛŘ ǎǇŜŎƛŜǎ ǿƛƭƭ ƅȅ ƛƴǘƻ ŀ Ǉƻǘŀǘƻ ŬŜƭŘΣ ǇǊƻōƛƴƎ Ǉƭŀƴǘǎ ǘƻ 

ŘŜǘŜǊƳƛƴŜ ƛŦ ǘƘŜȅΩǊŜ ŀǇǇǊƻǇǊƛŀǘŜ Ƙƻǎǘ Ǉƭŀƴǘǎ όǘƘŜȅ ŘƻƴΩǘ ŘƛũŜǊŜƴǝŀǘŜ ōŜǘǿŜŜƴ Ǉƭŀƴǘ ǎǇŜŎƛŜǎ ōȅ ǎƛƎƘǘύΦ  

/ƻƴǎŜǉǳŜƴǘƭȅΣ ƴƻƴŎƻƭƻƴƛȊƛƴƎ ŀǇƘƛŘ ǎǇŜŎƛŜǎ ǿƛƭƭ ƳƻǾŜ ŀŎǊƻǎǎ ŀ Ǉƻǘŀǘƻ ŬŜƭŘΣ ǇǊƻōƛƴƎ Ǉƭŀƴǘǎ ŀƴŘ 

ǘǊŀƴǎŦŜǊǊƛƴƎ ŀƴȅ ƛƴƻŎǳƭǳƳ ǇǊŜǎŜƴǘΦ ¢Ƙƛǎ ǇǊƻŎŜǎǎ ǊŜǎǳƭǘǎ ƛƴ ƴƻƴπŎƻƭƻƴƛȊƛƴƎ ǾŜŎǘƻǊ ǎǇŜŎƛŜǎ ǎǇŜƴŘƛƴƎ ǎƘƻǊǘ 

ǇŜǊƛƻŘǎ ƻƴ ƳǳƭǝǇƭŜ Ǉƭŀƴǘǎ ƛƴ ŀ ŬŜƭŘΦ  ¢Ƙƛǎ ŘŜŎǊŜŀǎŜǎ ǘƘŜ ŎƘŀƴŎŜ ƻŦ ŬƴŘƛƴƎ ǘƘŜƳ ŘǳǊƛƴƎ ƴƻǊƳŀƭ ǎŎƻǳǝƴƎΦ 

bƻǘ ƻƴƭȅ ŘƻŜǎ ǘƘƛǎ ƳŜŀƴ ǘƘŀǘ ŀƴȅ t±¸ ƛƴƻŎǳƭǳƳ ǿƛƭƭ ōŜ ǊŜŀŘƛƭȅ ƳƻǾŜŘ ŦǊƻƳ ƛƴŦŜŎǘŜŘ ǘƻ ƴƻƴπƛƴŦŜŎǘŜŘ 

ǇƭŀƴǘǎΣ ōǳǘ ƴƻƴπŎƻƭƻƴƛȊƛƴƎ ŀǇƘƛŘǎ ŀǊŜƴΩǘ ƛƴ ǘƘŜ ŬŜƭŘ ƭƻƴƎ ŜƴƻǳƎƘ ŦƻǊ ǘǊŀŘƛǝƻƴŀƭ ƛƴǎŜŎǝŎƛŘŜǎ ǘƻ ƘŀǾŜ 

ǎǳŶŎƛŜƴǘ ǝƳŜ ǘƻ ƪƛƭƭ ǘƘŜ ǾŜŎǘƻǊΦ   

¢ǊŀŘƛǝƻƴŀƭ ƛƴǎŜŎǝŎƛŘŜǎΣ ǘƘŜǊŜŦƻǊŜΣ ǿƛƭƭ ƴƻǘ ŎƻƴǘǊƻƭ ǘƘŜ ǎǇǊŜŀŘ ƻŦ t±¸Φ  wŀǘƘŜǊΣ ǘƘŜ Ƴƻǎǘ ŜũŜŎǝǾŜ 

ƛƴǎŜŎǝŎƛŘŜǎ ƘŀǾŜ ōŜŜƴ ǘƘƻǎŜ ǘƘŀǘ ǉǳƛŎƪƭȅ ǎǘƻǇ ǘƘŜ ƛƴǎŜŎǘΩǎ ŦŜŜŘƛƴƎ ōŜƘŀǾƛƻǊΦ   ¢ƘŜ ǿƛǘƘƛƴπŬŜƭŘ 

ǘǊŀƴǎƳƛǎǎƛƻƴ t±¸ ǊŜǎǳƭǝƴƎ ŦǊƻƳ ǘƘƛǎ ΨǘŀǎǘŜ ŀƴŘ ƎƻΩ ōŜƘŀǾƛƻǊ ƻŦ ǾŜŎǘƻǊǎ ƛǎ ƻōǾƛƻǳǎƭȅ ŜȄŀŎŜǊōŀǘŜŘ ōȅ ǘƘŜ 

ŘƛǎǘǊƛōǳǝƻƴ ƻŦ t±¸ ǇƭŀƴǘŜŘ ƛƴǘƻ ŀ ŬŜƭŘΦ    

¢ƘŜǊŜ ŀǊŜ ŀ ƴǳƳōŜǊ ƻŦ ŀǇƘƛŘ ǎǇŜŎƛŜǎ ǘƘŀǘ ǾŜŎǘƻǊ ǾƛǊǳǎ ŘƛǎŜŀǎŜǎ ǘƻ ǎŜŜŘ ǇƻǘŀǘƻŜǎΣ ǘƘŜ Ƴƻǎǘ ŜŶŎƛŜƴǘ ƛǎ 

ƎǊŜŜƴ ǇŜŀŎƘ ŀǇƘƛŘΣ Myzus persicae ό{ǳƭȊŜǊύΦ {ŜǾŜǊŀƭ ƻǘƘŜǊ ǎǇŜŎƛŜǎ ŀǊŜ ŎŀǇŀōƭŜ ƻŦ ǾŜŎǘƻǊƛƴƎ ǘƘŜ ǾƛǊǳǎΣ 

ōǳǘ ƴƻǘ ŀǎ ŜŶŎƛŜƴǘƭȅ ŀǎ ƎǊŜŜƴ ǇŜŀŎƘ ŀǇƘƛŘΦ CƻǊ ŜȄŀƳǇƭŜΣ ǎƻȅōŜŀƴ ŀǇƘƛŘǎ ŀǊŜ ƻƴƭȅ мл҈ ŀǎ ŜũŜŎǝǾŜ ƛƴ 



с 
 

ǾŜŎǘƻǊƛƴƎ t±¸ ŀǎ ƛǎ ƎǊŜŜƴ ǇŜŀŎƘ ŀǇƘƛŘ ό5ŀǾƛǎ ŀƴŘ wŀŘŎƭƛũŜ нллуύ ōǳǘ ǎƻȅōŜŀƴ ŀǇƘƛŘ ŘƛǎǇŜǊǎŜǎ ƛƴ ǎǳŎƘ 

ƘƛƎƘ ƴǳƳōŜǊǎ  

όwŀƎǎŘŀƭŜ Ŝǘ ŀƭ нллпύ ǘƘŜȅ Ŏŀƴ ōŜ ŀƴ ƛƳǇƻǊǘŀƴǘ ǇŀǊǘ ƻŦ ǎŜŀǎƻƴŀƭ ŜǇƛŘŜƳƛƻƭƻƎȅΦ  

IƻǿŜǾŜǊΣ Ǉƻǘŀǘƻ ƛǎ ƴƻǘ ŀ ǎǳƛǘŀōƭŜ Ƙƻǎǘ ŦƻǊ ǎƻȅōŜŀƴ ŀǇƘƛŘ ǎƻ ƛǘ ǿƛƭƭ ƴƻǘ ŎƻƭƻƴƛȊŜ ǘƘŜ ŎǊƻǇΦ ¢ƘŜ ƛƳǇƻǊǘŀƴŎŜ 

ƻŦ ƴƻƴπŎƻƭƻƴƛȊƛƴƎ ŀǇƘƛŘǎ ƛƴ t±¸ ǘǊŀƴǎƳƛǎǎƛƻƴ ƳŜŀƴǎ ǘƘŀǘ ǎŎƻǳǝƴƎ ŦƻǊ ŀǇƘƛŘǎ ƛƴ ǇƻǘŀǘƻŜǎΣ ǿƘƛƭŜ ŀƴ 

ŜȄŎŜƭƭŜƴǘ ƳŀƴŀƎŜƳŜƴǘ ǇǊŀŎǝŎŜΣ Ƴŀȅ ƴƻǘ ǇǊƻǾƛŘŜ ŀ ŎƻƳǇƭŜǘŜ ǇƛŎǘǳǊŜ ƻŦ ǘƘŜ ŀƳƻǳƴǘ ƻŦ ǾŜŎǘƻǊǎ ǇǊŜǎŜƴǘ ŀǘ 

ŀ ƎƛǾŜƴ ǝƳŜΦ  

!ǇǇƭƛŎŀǝƻƴ ƻŦ !ǇƘƻƛƭ ŀƴŘ ŀƴǝπŦŜŜŘƛƴƎ ƛƴǎŜŎǝŎƛŘŜǎ Ŏŀƴ ƭƛƳƛǘ ǘƘŜ ǘǊŀƴǎƳƛǎǎƛƻƴ ƻŦ t±¸ ƛƴ ŎƻƭƻƴƛȊƛƴƎ ƛƴ 

ōƻǘƘ ŀǇƘƛŘǎ ǘƘŀǘ ŎƻƭƻƴƛȊŜ Ǉƻǘŀǘƻ ŀƴŘ 

ǘƘƻǎŜ ǘƘŀǘ ŘƻƴΩǘ ό5ƛCƻƴȊƻ Ŝǘ ŀƭΦ мффтΣ 

{ǳǊŀƴȅƛ Ŝǘ ŀƭΦ  

нллпΣ /ŀǊǊƻƭƭ Ŝǘ ŀƭΦ нллпΣ нллфΣ hƭǎƻƴ Ŝǘ ŀƭΦ 
нллпύΦ  .ǳǘ ŀǇǇƭƛŎŀǝƻƴ ǝƳƛƴƎ ƛǎ ŎǊƛǝŎŀƭ ŀƴŘ 
ǘǊŜŀǘƳŜƴǘǎ Ƴǳǎǘ ōŜ ŀǇǇƭƛŜŘ ǇǊƛƻǊ ǘƻ ŀǇƘƛŘ 
ǇƻǇǳƭŀǝƻƴǎ ŘƛǎǇŜǊǎƛƴƎ ƛƴǘƻ ǘƘŜ ŬŜƭŘ ŦǊƻƳ 
ǘƘŜ ƳŀǊƎƛƴ όǘƘƛǎ ǘŀƪŜǎ ŀōƻǳǘ н ǿŜŜƪǎ ŦǊƻƳ 
ƛƴƛǝŀƭ ǇǊŜǎŜƴŎŜ ƻŦ ǿƛƴƎŜŘ ŀǇƘƛŘǎύΦ  
/ƻƴǎŜǉǳŜƴǘƭȅΣ ŀŎŎǳǊŀǘŜ ƳŜǘƘƻŘǎ ƻŦ 
ƳƻƴƛǘƻǊƛƴƎ ŀǇƘƛŘ ǇǊŜǎŜƴŎŜ ŀǊŜ ŜǎǎŜƴǝŀƭΦ 
¢ƘŜ ǊŜƎƛƻƴŀƭ ŀǇƘƛŘ ƳƻƴƛǘƻǊƛƴƎ ƴŜǘǿƻǊƪΣ 
Aphid AlertΣ ǇǊƻǾƛŘŜǎ aƛƴƴŜǎƻǘŀ ŀƴŘ 
bƻǊǘƘ 5ŀƪƻǘŀ ǎŜŜŘ Ǉƻǘŀǘƻ ƎǊƻǿŜǊǎ ƴŜŀǊ 
ǊŜŀƭπǝƳŜ ƛƴŦƻǊƳŀǝƻƴ ƻƴ ǾƛǊǳǎ ǾŜŎǘƻǊ ƅƛƎƘǘ 
ŀŎǝǾƛǘȅΦ   

hǾŜǊ ǘƘŜ Ǉŀǎǘ ǎŜǾŜǊŀƭ ȅŜŀǊǎΣ Aphid  

Alert Ƙŀǎ ǇǊƻǾƛŘŜŘ ǝƳŜƭȅ ƛƴŦƻǊƳŀǝƻƴ ƻƴ 

ŀǇƘƛŘ ǾŜŎǘƻǊ ǇǊŜǎŜƴŎŜ ŀƴŘ ǘƘŜ ǎŜŀǎƻƴŀƭ 

ǇŀǧŜǊƴǎ ƻŦ ǾŜŎǘƻǊ ǇƻǇǳƭŀǝƻƴ ŘȅƴŀƳƛŎǎΦ  Lǘ 

ǇǊƻǾƛŘŜǎ ŀƴ ŜǎǝƳŀǘŜ ƻŦ ǊƛǎƪΤ ǘƘŜ ŀƳƻǳƴǘ 

ƻŦ ŜȄǇƻǎǳǊŜ ǘƻ ƘŀȊŀǊŘΦ  !ƭƭ ƻŦ ǘƘŜ ǎǇŜŎƛŜǎ 

ƻŦ ŀǇƘƛŘǎ ǘƘŀǘ ǿŜ ƳƻƴƛǘƻǊ ƘŀǾŜ ŀ 

ōƛƻƭƻƎƛŎŀƭ ŀōƛƭƛǘȅ ǘƻ ǘǊŀƴǎƳƛǘ t±¸Σ ǿŜ ǳǎŜ 

ǘƘŜ ǘǊŀǇ Ŏƻǳƴǘǎ ǘƻ ƳŜŀǎǳǊŜ ǘƘŜ ŜȄǇƻǎǳǊŜ 

ǘƻ ǘƘŜ ƘŀȊŀǊŘ ǘƻ ŎƻƴǎǘǊǳŎǘ ǘƘŜ t±¸ ±ŜŎǘƻǊ 

wƛǎƪ LƴŘŜȄΦ    

¢ƘŜ ǘƻǘŀƭ ƴǳƳōŜǊ ƻŦ ǾŜŎǘƻǊǎΣ ƘƻǿŜǾŜǊΣ 

ŘƻŜǎ ƴƻǘ ǘŜƭƭ ǘƘŜ ŎƻƳǇƭŜǘŜ ǎǘƻǊȅΦ  bƻǘ ŀƭƭ 

ǎǇŜŎƛŜǎ ƻŦ ŀǇƘƛŘǎ ŀǊŜ Ŝǉǳŀƭ ƛƴ ǘƘŜƛǊ ŀōƛƭƛǘȅ 

ǘƻ ǘǊŀƴǎƳƛǘ t±¸ ǾƛǊǳǎΤ ǎƻƳŜ ǎǇŜŎƛŜǎ ŀǊŜ ƳǳŎƘ ƳƻǊŜ ŜŶŎƛŜƴǘ ǾŜŎǘƻǊǎ ǘƘŀƴ ƻǘƘŜǊǎΦ  !ǎ ƳŜƴǝƻƴŜŘΣ ǘƘŜ 

DǊŜŜƴ tŜŀŎƘ !ǇƘƛŘ όDt!ύ ƛǎ ǘƘŜ Ƴƻǎǘ ŜŶŎƛŜƴǘ ǎǇŜŎƛŜǎ ǿƘŜƴ ƛǘ ŎƻƳŜǎ ǘƻ ǘǊŀƴǎƳƛǩƴƎ t±¸Φ  ²ŜΩǾŜ 

ŘŜǾŜƭƻǇŜŘ ŀƴ ƛƴŘŜȄΣ ¢ƘŜ t±¸ ±ŜŎǘƻǊ wƛǎƪ LƴŘŜȄ όŬƎ нύΣ ǿƘƛŎƘ ǳǎŜǎ ǘƘŜ ƴǳƳōŜǊ ƻŦ ǾŜŎǘƻǊ ǎǇŜŎƛŜǎ ŎŀǇǘǳǊŜŘ 

ƛƴ ŀ ǘǊŀǇ ŀƴŘ ǘƘŜ ŎŀǇǘǳǊŜŘ ǎǇŜŎƛŜǎΩ ǊŜƭŀǝǾŜ ŜŶŎƛŜƴŎȅ ŀǘ ǘǊŀƴǎƳƛǩƴƎ t±¸ ǘƻ ŜǎǝƳŀǘŜ ǘƘŜ ǊŜƭŀǝǾŜ Ǌƛǎƪ ƻŦ 

t±¸ ǘǊŀƴǎƳƛǎǎƛƻƴ ŀǘ ŀƴȅ ƎƛǾŜƴ ŘŀǘŜΦ    

  

  
CƛƎǳǊŜ  н Φ  ¢ƘŜ ŎŀǇǘǳǊŜ ƻŦ t±¸ ǾŜŎǘƻǊƛƴƎ ŀǇƘƛŘǎ ƛƴ ŀƭƭ  
!ǇƘƛŘ !ƭŜǊǘ ǘǊŀǇǎ ōȅ ǿŜŜƪΣ ŀǾŜǊŀƎŜŘ ƻǾŜǊ нлмн π нлнл   
ό ǘƻǇ ƎǊŀǇƘύΦ  !ƴŘ ǘƘŜ wŜƎƛƻƴŀƭ t±¸ wƛǎƪ LƴŘŜȄκ²ŜŜƪ  
ŀǾŜǊŀƎŜŘ ƻǾŜǊ нлмн π нлнл Φ  ¢ƘŜ  ŘŀǘŜǎ ǿŜǊŜ  
ǎǘŀƴŘŀǊŘƛȊŜŘ ǘƻ L{h π усмл  ǿŜŜƪ ƴǳƳōŜǊǎ ǎƻ ǘƘŜ Řŀǘŀ  
ŎƻǳƭŘ ōŜ ŎƻƳǇŀǊŜŘ ŀŎǊƻǎǎ ȅŜŀǊǎΦ  bƻǘŜ ǘƘŀǘ ±ŜŎǘƻǊ wƛǎƪ  
LƴŘŜȄ ŘƻŜǎ ƴƻǘ ǇǊŜŎƛǎŜƭȅ ƳƛǊǊƻǊ ǘƘŜ ƴǳƳōŜǊ ƻŦ ±ŜŎǘƻǊǎ  
ŎŀǇǘǳǊŜΣ ŜȄƳŜǇƭƛŦȅƛƴƎ ǘƘŜ ƛƳǇƻǊǘŀƴŎŜ ƻŦ ǎǇŜŎƛŜǎ   
ŜŶŎƛŜƴŎȅΦ   



т 
 

hǳǊ Řŀǘŀ Ƙŀǎ ƛŘŜƴǝŬŜŘ ǘƘŀǘ ǘƘŜ ƳŀƧƻǊƛǘȅ ƻŦ ǾŜŎǘƻǊ ƅƛƎƘǘ ƻŎŎǳǊǎ ǎǘŀǊǝƴƎ ƛƴ ƭŀǘŜ Wǳƭȅ ŀƴŘ ǘƘǊƻǳƎƘ !ǳƎǳǎǘ 

όCƛƎ нύΣ ǊŜƅŜŎǝƴƎ Ƴŀƴȅ ƻŦ ǘƘŜ ƴƻƴπŎƻƭƻƴƛȊƛƴƎ ǎǇŜŎƛŜǎ ƳƻǾƛƴƎ ŦǊƻƳ ǎŜƴŜǎŎƛƴƎ Ƙƻǎǘǎ όŜΦƎΦ ǎƳŀƭƭ ƎǊŀƛƴǎύ ǘƻ 

ǎŜŜƪ ŀƭǘŜǊƴŀǘŜ ŦƻƻŘ ǎƻǳǊŎŜǎΦ ¢Ƙƛǎ ƭŀǘŜ ǎŜŀǎƻƴ ƅƛƎƘǘ ƻŦ ŀǇƘƛŘ ǾŜŎǘƻǊǎ ŎƻƴŬǊƳǎ ǘƘŀǘ ǘƘŜ ƳŀƧƻǊƛǘȅ ƻŦ t±¸ 

ƛƴŦŜŎǝƻƴ Ƴǳǎǘ ƻŎŎǳǊ ƭŀǘŜ ƛƴ ǘƘŜ ƎǊƻǿƛƴƎ ǎŜŀǎƻƴΦ  

wŜƎƛƻƴŀƭ Řŀǘŀ ŀƭǎƻ ƳƛƎƘǘ ƴƻǘ ǊŜƅŜŎǘ ǿƘŀǘ ƛǎ ƘŀǇǇŜƴƛƴƎ ŀǘ ŀ ǎǇŜŎƛŬŎ ƭƻŎŀǝƻƴΦ  CƻǊ ŜȄŀƳǇƭŜΣ ǿƘƛƭŜ ƻƴ 

ŀǾŜǊŀƎŜΣ ±ŜŎǘƻǊ ƴǳƳōŜǊǎ ŀŎǊƻǎǎ aƛƴƴŜǎƻǘŀ ŀƴŘ bƻǊǘƘ 5ŀƪƻǘŀ ōŜƎƛƴ ǘƻ ǊƛǎŜ ƛƴ aƛŘπWǳƭȅΣ ƻǘƘŜǊ ǎƛǘŜǎ Ƴŀȅ 

ƴƻǘ Ŧƻƭƭƻǿ ǘƘƛǎ ǇŀǧŜǊƴΦ  {ƻƳŜ ǎƛǘŜǎΣ ǎǳŎƘ ŀǎ tŜǊƘŀƳΣ ǊŜƅŜŎǘ ǘƘŜ ǎǘŜŀŘȅ ƎǊƻǿǘƘ ƻŦ ǇƻǇǳƭŀǝƻƴǎ ǎǘŀǊǝƴƎ ƛƴ 

ƳƛŘπWǳƭȅ ŀƴŘ ǇŜŀƪƛƴƎ ƛƴ !ǳƎǳǎǘΣ ǿƘƛƭŜ ƻǘƘŜǊΣ ǎǳŎƘ ŀǎ [ŀƪŜ ƻŦ ǘƘŜ ²ƻƻŘǎΣ ƘŀǾŜ ǾŜŎǘƻǊ LƴŘŜȄ ǇŜŀƪǎ ƴƻǘ 

ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ŀ ƎǊŀŘǳŀƭ ƛƴŎǊŜŀǎŜ ƛƴ ǇƻǇǳƭŀǝƻƴ όŬƎ оύΦ  

 

!ƭƭ ƻŦ ƻǳǊ ŎƻƻǇŜǊŀǘƻǊǎ ƘŀǾŜ ǊŜŎŜƛǾŜŘ ǘƘŜ ƘƛǎǘƻǊƛŎŀƭ ŀǾŜǊŀƎŜŘ Řŀǘŀ ŦƻǊ ǘƘŜƛǊ ǎƛǘŜΦ  {ƻƳŜ ǎƛǘŜǎ ƘŀǾŜ ŦŜǿŜǊ 

ȅŜŀǊǎ ǘǊŀǇǇƛƴƎ Řŀǘŀ ǘƘŀƴ ƻǘƘŜǊǎ ōǳǘ ǘƘƻǎŜ Řŀǘŀ ǎǝƭƭ ǇǊƻǾƛŘŜ ƛƴǎƛƎƘǘǎ ƛƴǘƻ ǘƘŜƛǊ ǾŜŎǘƻǊ ŀŎǝǾƛǘȅΦ    

hǾŜǊ ǘƘŜ Ǉŀǎǘ ǎŜǾŜǊŀƭ ȅŜŀǊǎΣ ǘƘŜ !ǇƘƛŘ !ƭŜǊǘ bŜǘǿƻǊƪ Ƙŀǎ ƎǊƻǿƴ ǘƻ ǇǊƻǾƛŘŜ ǊŜƎƛƻƴπǿƛŘŜ ŎƻǾŜǊŀƎŜΣ 

ŜǎǝƳŀǝƴƎ ǘƘŜ ŀǇƘƛŘ ǾŜŎǘƻǊ ǇƻǇǳƭŀǝƻƴǎΦ ¢ƘŜ ƴŜǘǿƻǊƪ ǊŜƭƛŜǎ ƻƴ ƎǊƻǿŜǊ ŎƻƻǇŜǊŀǘƻǊǎ ǘƻ Ƴŀƛƴǘŀƛƴ ŀƴŘ 

ŎƘŀƴƎŜ ǘǊŀǇǎ ǘƘǊƻǳƎƘƻǳǘ ǘƘŜ ƎǊƻǿƛƴƎ ǎŜŀǎƻƴ ŀƴŘ ǎŜƴŘ ǿŜŜƪƭȅ ǘǊŀǇ ŎŀǘŎƘŜǎ ǘƻ ǘƘŜ ŜƴǘƻƳƻƭƻƎȅ ƭŀō ŀǘ ǘƘŜ 

¦ƴƛǾŜǊǎƛǘȅ ƻŦ aƛƴƴŜǎƻǘŀΩǎ bƻǊǘƘǿŜǎǘ wŜǎŜŀǊŎƘ ϧ hǳǘǊŜŀŎƘ /ŜƴǘŜǊ όb²wh/ύΦ  ¢ƘŜǊŜ ǘƘŜ ǘǊŀǇ ŎƻƴǘŜƴǘǎ ŀǊŜ 

ǎƻǊǘŜŘΣ ŀǇƘƛŘ ǾŜŎǘƻǊ ǎǇŜŎƛŜǎ ƛŘŜƴǝŬŜŘ ŀƴŘ t±¸ ±ŜŎǘƻǊ wƛǎƪ LƴŘŜȄ ǾŀƭǳŜǎ ŎŀƭŎǳƭŀǘŜŘΦ {ƛƴŎŜ нлмнΣ ǘƘŜ 

Aphid Alert ƴŜǘǿƻǊƪ Ƙŀǎ ǇǊƻǾƛŘŜŘ ŜȄŎŜƭƭŜƴǘ ǊŜƎƛƻƴŀƭ ŎƻǾŜǊŀƎŜ ƻŦ ǘƘŜ aƛƴƴŜǎƻǘŀ ŀƴŘ bƻǊǘƘ 5ŀƪƻǘŀ ǎŜŜŘ 

ǇǊƻŘǳŎƛƴƎ ŀǊŜŀǎΦ  

    

Lƴ нлнпΣ ǿŜΥ  

1) /ƻƴǝƴǳŜŘ ǘƻ ǳǇŘŀǘŜ ǘƘŜ ƎŜƻƎǊŀǇƘƛŎ ǇŀǧŜǊƴǎ ƻŦ ƛƴǎŜŎǝŎƛŘŜ ǊŜǎƛǎǘŀƴŎŜ ƛƴ aƛƴƴŜǎƻǘŀ ŀƴŘ bƻǊǘƘ 

5ŀƪƻǘŀ /ƻƭƻǊŀŘƻ tƻǘŀǘƻ .ŜŜǘƭŜ ǇƻǇǳƭŀǝƻƴǎ  

2) aŀƛƴǘŀƛƴŜŘ ǘƘŜ !ǇƘƛŘ !ƭŜǊǘ ǘǊŀǇǇƛƴƎ ƴŜǘǿƻǊƪΣ ƳƻƴƛǘƻǊƛƴƎ ŦƻǊ ŀǇƘƛŘ ǾŜŎǘƻǊǎ ƻŦ ǾƛǊǳǎ ŘƛǎŜŀǎŜ ƛƴ 

ǇƻǘŀǘƻŜǎ όŜǎǇŜŎƛŀƭƭȅ t±¸ύ ŀƴŘ ǇǊƻǾƛŘŜ ƴŜŀǊ ǊŜŀƭπǝƳŜ ƳŀǇǎ ƻŦ ŀǇƘƛŘ ǇƻǇǳƭŀǝƻƴ ŘƛǎǘǊƛōǳǝƻƴ ƛƴ ab ŀƴŘ 

b5 ǘƘǊƻǳƎƘƻǳǘ ǘƘŜ ƎǊƻǿƛƴƎ ǎŜŀǎƻƴΦ  

tǊƻŎŜŘǳǊŜǎ  
1) Update the geographic patterns of insecticide resistance in Minnesota and North Dakota 

Colorado Potato Beetle populations  

  
CƛƎǳǊŜ  о Φ  ¢ƘŜ ǎŜŀǎƻƴŀƭ t±¸ ±ŜŎǘƻǊ wƛǎƪ LƴŘŜȄ ōȅ ǿŜŜƪΣ ŀǾŜǊŀƎŜŘ ŦǊƻƳ нлмн π нлнл  ŘŀǘŀΣ ŦƻǊ ab ϧ  
b5 όƭŜƊύΣ tŜǊƘŀƳ όƳƛŘŘƭŜύ ŀƴŘ [ŀƪŜ ƻŦ ǘƘŜ ²ƻƻŘǎ όǊƛƎƘǘύΦ  bƻǘŜ ǘƘŜ ǎǘŜŀŘȅ ǊŀƳǇƛƴƎ ƻŦ ǘƘŜ LƴŘŜȄ  
ǾŀƭǳŜǎ ŀǘ tŜǊƘŀƳ Ǿǎ ǘƘŜ  ŎƻƴŎŜƴǘǊŀǝƻƴ ƻŦ LƴŘŜȄ ǾŀƭǳŜǎ ƛƴ !ǳƎǳǎǘ ŀǘ [ŀƪŜ ƻŦ ǘƘŜ ²ƻƻŘǎΦ   
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ǊŀǘŜǎ ǿ ŜǊ Ŝ  

ŜǎǘŀōƭƛǎƘŜŘ ǳǎƛƴƎ  
ǘƘŜ ƛƴǎŜŎǝŎƛŘŜ π 

ǎǳǎŎŜǇǝōƭŜ  Ŏƻƭƻƴȅ  
ό Ŧ ƛƎ  п ύ   ƳŀƛƴǘŀƛƴŜŘ ŀǘ  

ǘƘŜ ¦ab b²wh/  
ƛƴ /ǊƻƻƪǎǘƻƴΦ   
{ŀƳǇƭŜŘ ōŜŜǘƭŜǎ  

ǿ ŜǊ Ŝ ŀǎǎŜǎǎŜŘ ŦƻǊ  
ǎǳǎŎŜǇǝōƛƭƛǘȅ ǘƻ  

ǊŜƎƛǎǘŜǊŜŘ  
ƛƴǎŜŎǝŎƛŘŜǎΦ   ²Ŝ  
ǿƛƭƭ   ǇǊƻŘǳŎŜ  

  

/ƻƭƻǊŀŘƻ tƻǘŀǘƻ .ŜŜǘƭŜ ƭŀǊǾŀŜ ǿŜǊŜ ǎŀƳǇƭŜŘ ōȅ ¦ab ǇŜǊǎƻƴƴŜƭ ŦǊƻƳ Ǉƻǘŀǘƻ ǇǊƻŘǳŎǝƻƴ ŀǊŜŀǎ ǿƛǘƘƛƴ 

aƛƴƴŜǎƻǘŀ ŀƴŘ bƻǊǘƘ 5ŀƪƻǘŀΦ {ŀƳǇƭŜǎ ǿŜǊŜ ǎƻƭƛŎƛǘŜŘ ŦǊƻƳ ƭƻŎŀǝƻƴǎ ƛƴ ǘƘŜ ǘǿƻ ǎǘŀǘŜǎ όŜǎǇŜŎƛŀƭƭȅ ŦǊƻƳ 

ǇǊƻŘǳŎŜǊǎ ŜȄǇŜǊƛŜƴŎƛƴƎ ŀ ŦŀƛƭǳǊŜύΦ  !ǇǇǊƻȄƛƳŀǘŜƭȅ мрлл ōŜŜǘƭŜǎ ǿŜǊŜ ŎƻƭƭŜŎǘŜŘ ŦǊƻƳ ŜŀŎƘ ƭƻŎŀǝƻƴΦ  

9ŀǊƭȅ ǎŜŀǎƻƴ ƭŀǊǾŀŜ ǿŜǊŜ ǎŀƳǇƭŜŘ ŦǊƻƳ ǎŜǾŜǊŀƭ ƭƻŎŀǝƻƴǎ ƛƴ b² ab ŀƴŘ b9 b5Φ {ǳƳƳŜǊ ŀŘǳƭǘǎ ǿŜǊŜ 

ŎƻƭƭŜŎǘŜŘ ŦǊƻƳ н ƭƻŎŀǝƻƴǎ ƛƴ b² abΦ  9ǎǘŀōƭƛǎƘŜŘ ƳŜǘƘƻŘǎ ǿŜǊŜ ǳǎŜŘ ǘƻ ŎƻƭƭŜŎǘ ŀƴŘ ǘǊŀƴǎǇƻǊǘ ŀŘǳƭǘǎΦ  

[ŀǊǾŀŜ ǿŜǊŜ ŎƻƭƭŜŎǘŜŘ ǳǎƛƴƎ ŀ ōŜŀǘ ǎƘŜŜǘΤ ŀ ŎŀƴǾŀǎ ŎƭƻǘƘ ƻƴ ŀ ǿƻƻŘŜƴ ŦǊŀƳŜ ǿŀǎ ƘŜƭŘ ǳƴŘŜǊ ǘƘŜ Ǉƭŀƴǘ 

ǿƘƛƭŜ ǘƘŜ Ǉƭŀƴǘ ǿŀǎ ǎƘŀƪŜƴΣ ƪƴƻŎƪƛƴƎ ǘƘŜ ƛƴǎŜŎǘǎ ƻƴǘƻ ǘƘŜ ǎƘŜŜǘΦ CǊƻƳ ǘƘŜ ǎƘŜŜǘΣ ƭŀǊǾŀŜ ǿŜǊŜ ŎƻƭƭŜŎǘŜŘ 

ǿƛǘƘ ŦƻǊŎŜǇǎ ŀƴŘ ǇƭŀŎŜŘ ƛƴǘƻ ǎƳŀƭƭ ǇƭŀǎǝŎ ǘǳōǎ ǇŀǊǝŀƭƭȅ ŬƭƭŜŘ ǿƛǘƘ ǇŀǇŜǊ ǘƻǿŜƭǎ ŀǎ ŀ ǎǳōǎǘǊŀǘŜ ƻƴ ǿƘƛŎƘ 

ǘƻ ǊŜǎǘΤ ǘƘŜ ǇŀǇŜǊ ǘƻǿŜƭ ǿŀǎ ŀƭǎƻ ƳŜŀƴǘ ǘƻ ƛƴǎǳƭŀǘŜ ŀƴŘ ǇǊƻǘŜŎǘ ƭŀǊǾŀŜ ŘǳǊƛƴƎ ǘǊŀǾŜƭΦ   

.ŀǎŜƭƛƴŜ ƳƻǊǘŀƭƛǘȅ  

CƛƎǳǊŜ пΦ LƴǎŜŎǝŎƛŘŜ ǎǳǎŎŜǇǝōƭŜ /ƻƭƻǊŀŘƻ tƻǘŀǘƻ .ŜŜǘƭŜ /ƻƭƻƴȅ ƳŀƛƴǘŀƛƴŜŘ ŀǘ ǘƘŜ 
b²wh/Φ  ¢Ƙƛǎ ǇƻǇǳƭŀǝƻƴ ƛǎ ƛƴǎŜŎǝŎƛŘŜ ƴŀƠǾŜΣ ƳŜŀƴƛƴƎ ƛǘ Ƙŀǎ ƴŜǾŜǊ ōŜŜƴ ŜȄǇƻǎŜŘ 
ǘƻ ƛƴǎŜŎǝŎƛŘŜǎ ŀƴŘ ƛǎΣ ǘƘŜǊŜŦƻǊŜΣ ŎƻƴǎƛŘŜǊŜŘ ǎǳǎŎŜǇǝōƭŜ ǘƻ ŀƭƭ ƳƻŘŜǎ ƻŦ ŀŎǝƻƴΦ  
¢Ƙƛǎ ƛǎ ƻƴŜ ƻŦ ƻƴƭȅ ŦŜǿ ǎǳŎƘ ŎƻƭƻƴƛŜǎ ƛƴ ǘƘŜ bƻǊǘƘŜǊƴ  

ōŀǎŜƭƛƴŜ Řŀǘŀ ŦƻǊ bŜƻƴƛǘƻǝƴƻƛŘǎ όƛΦŜΦ !ŘƳƛǊŜύΣ !ōŀƳŜŎǝƴǎ όƛΦŜΦ !ƎǊƛaŜƪύΣ !ƴǘƘǊŀƴƛƭƛŎ 5ƛŀƳƛŘŜǎ όƛΦŜΦ 

/ƻǊǊŀƎŜƴύΣ {Ǉƛƴƻǎȅƴǎ όƛΦŜΦ  5ŜƭŜƎŀǘŜύΣ ŀƴŘ a9¢Lǎ όƛΦŜΦ ¢ƻǊŀŎύΦ    

wŜǎƛǎǘŀƴŎŜκǘƻƭŜǊŀƴŎŜ ƻŦ /t. ŦǊƻƳ ŜŀŎƘ ŀǊŜŀ ǿŀǎ ŀǎǎŜǎǎŜŘ ǳǎƛƴƎ ŘƛǊŜŎǘ ŜȄǇƻǎǳǊŜ ǘŜǎǘǎΦ ! ƎǊŀŘƛŜƴǘ ƻŦ 

ŎƻƴŎŜƴǘǊŀǝƻƴǎ ƻŦ ŀŎǝǾŜ ƛƴƎǊŜŘƛŜƴǘ όŀƛύΣ ǘƘŜ ŀŎǘǳŀƭ ǘƻȄƛƴ ƛƴ ǘƘŜ ƛƴǎŜŎǝŎƛŘŜΣ ǿŜǊŜ ǳǎŜŘ ƛƴ ǘǊƛŀƭǎ ǘƻ ŎǊŜŀǘŜ ŀ 

ŘƻǎŜ ŎǳǊǾŜ ǘƘŀǘ ƛƴŘƛŎŀǘŜǎ ǘƘŜ ŀƳƻǳƴǘ ƻŦ ŀƛ ƴŜŎŜǎǎŀǊȅ ǘƻ ƪƛƭƭ рл҈ 

ƻŦ ǘƘŜ ǇƻǇǳƭŀǝƻƴ όƛΦŜΦ ǘƘŜ [ŜǘƘŀƭ 5ƻǎŜ рл҈ ƻǊ Ψ[5рлΩύΦ 5ƛǊŜŎǘ 

ŜȄǇƻǎǳǊŜ ǘǊƛŀƭǎ ǿŜǊŜ ŎƻƴŘǳŎǘŜŘ ōȅ ŀǇǇƭȅƛƴƎ млҡƭ όƳƛŎǊƻƭƛǘŜǊύ 

ŘǊƻǇǎ ƻŦ ƛƴǎŜŎǝŎƛŘŜ ŘƛǊŜŎǘƭȅ ǘƻ ǘƘŜ ƛƴǎŜŎǘ ǳǎƛƴƎ ŀ ƳƛŎǊƻπ

ŀǇǇƭƛŎŀǘƻǊ ƻǊ ŀ ƳƛŎǊƻπǇƛǇŜǧŜΦ !ƊŜǊ ǘƘŜ ƛƴǎŜŎǝŎƛŘŜ ƘŀŘ ŘǊƛŜŘΣ 

ōŜŜǘƭŜǎ ǿŜǊŜ ǇƭŀŎŜŘ ƻƴǘƻ ŀ Ǉƻǘŀǘƻ ƭŜŀŦ ƛƴ tŜǘǊƛ ǇƭŀǘŜǎ όŬƎ рύ ŀƴŘ 

ƭŜƊ ǘƻ ŦŜŜŘ ŦƻǊ рπт Řŀȅǎ όмнлƘύΦ .ŜŜǘƭŜǎ ǿŜǊŜ ƛƴƛǝŀƭƭȅ ŀǎǎŜǎǎŜŘ 

ŦƻǊ ƳƻǊǘŀƭƛǘȅ ŀǘ нпƘ ŀƴŘ ǘƘŜƴ Řŀƛƭȅ ǘƻ ŘŜǘŜǊƳƛƴŜ ŀƴȅ ƘŀƴŘƭƛƴƎ 

ƳƻǊǘŀƭƛǘȅ ŀƴŘ ǘƻ ŀǎǎŜǎǎ ŦƻƻŘ ŎƻƴǎǳƳǇǝƻƴΦ !ŘŘƛǝƻƴŀƭ ƭŜŀŦ 

ƳŀǘŜǊƛŀƭ ǿŀǎ ŀŘŘŜŎŘ ƛŦ ōŜŜǘƭŜǎ ƘŀŘ ŎƻƴǎǳƳŜŘ ǿƘŀǘ ǿŀǎ ǇǊŜǎŜƴǘ 

ƛƴ ǘƘŜ ǇƭŀǘŜΦ  !ǎ /t. ƻƊŜƴ ŀǇǇŜŀǊ ƛƴǘƻȄƛŎŀǘŜŘ ƛƳƳŜŘƛŀǘŜƭȅ ŀƊŜǊ 

ŜȄǇƻǎǳǊŜ ōǳǘ ǊŜŎƻǾŜǊ ŀƊŜǊ ǎŜǾŜǊŀƭ ŘŀȅǎΣ ƳƻǊǘŀƭƛǘȅ ǿŀǎ ŀƎŀƛƴ 

ŀǎǎŜǎǎŜŘ рπт Řŀȅǎ Ǉƻǎǘ ŀǇǇƭƛŎŀǝƻƴ όƳƛƴΦ ƻŦ мнлƘύΦ aƻǊǘŀƭƛǘȅ ǿŀǎ 

ŀǎǎŜǎǎŜŘ ōȅ ǇƭŀŎƛƴƎ ōŜŜǘƭŜǎ ƻƴ ǘƘŜƛǊ ōŀŎƪǎ ŀƴŘ ŜǾŀƭǳŀǝƴƎ 

ƳƻǾŜƳŜƴǘΦ !ƴȅ ƛƴǎŜŎǘ ƴƻǘ ǊƛƎƘǝƴƎ ƛǘǎŜƭŦ ǿƛǘƘƛƴ р ƳƛƴǳǘŜǎ ǿŀǎ 

ŀǎǎŜǎǎŜŘ ŀǎ ŘŜŀŘ ƻǊ ƳƻǊƛōǳƴŘ όōŀǎƛŎŀƭƭȅ ǳƴǊŜŎƻǾŜǊŀōƭŜύΦ   

  
CƛƎǳǊŜ рΦ  tŜǘǊƛŜ ǇƭŀǘŜǎ ŎƻƴǘŀƛƴƛƴƎ  
/t. ŀŘǳƭǘǎ ŦƻǊ ǊŜǎƛǎǘŀƴŎŜ ǘŜǎǝƴƎΦ   
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2) Maintained the Aphid Alert trapping network, monitoring for aphid vectors of virus 

disease in potatoes (especially PVY) and provide near real-time maps of aphid 

population distribution in MN and ND throughout the growing season.  

! ƴŜǘǿƻǊƪ ƻŦ Ϥнл оƳπǘŀƭƭ ǎǳŎǝƻƴ ǘǊŀǇǎ όŬƎ сύ ƛǎ ŜǎǘŀōƭƛǎƘŜŘ ƛƴ ǘƘŜ ǎŜŜŘ Ǉƻǘŀǘƻ ǇǊƻŘǳŎǝƻƴ ŀǊŜŀǎ ƻŦ 

aƛƴƴŜǎƻǘŀ ŀƴŘ bƻǊǘƘ 5ŀƪƻǘŀΦ ¢ƘŜǎŜ ǘǊŀǇǎ Ŏƻƴǎƛǎǘ ƻŦ ŀ ŦŀƴΣ ǇƻǿŜǊŜŘ ōȅ ǎƻƭŀǊ ǇŀƴŜƭ ŀƴŘ ŘŜŜǇ ŎŜƭƭ ōŀǧŜǊȅΣ 

ǎŜǘ ƛƴ ŀ ƭŀǊƎŜ t±/ ǇƛǇŜ ǘƘŀǘΣ ƛƴ ǘǳǊƴΣ ƛǎ ŬǧŜŘ ƛƴǎƛŘŜ ǿƛǘƘ ŀ ǎǘŜŜƭ ƳŜǎƘ ŦǳƴƴŜƭ ŜƴŘƛƴƎ ƛƴ ŀ ŎŀǇǘǳǊŜ ƧŀǊΦ ¢ƘŜ 

Ŧŀƴ ŘǊŀǿǎ ŀƛǊ Řƻǿƴ ǘƘǊƻǳƎƘ ǘƘŜ ǘǳōŜ ŎŀǇǘǳǊƛƴƎ ƴŜŀǊōȅ ƅȅƛƴƎ ŀǇƘƛŘǎ όŀƴŘ ƻǘƘŜǊ ƛƴǎŜŎǘǎύΣ ŎƻƴŎŜƴǘǊŀǝƴƎ 

ǘƘŜƳ ǘƘǊƻǳƎƘ ǘƘŜ  

ŦǳƴƴŜƭ ŀƴŘ ƛƴǘƻ ǘƘŜ ŎŀǇǘǳǊŜ ƧŀǊΦ  ¢ǊŀǇǎ ƘŀǾŜ ŀ ǇƘƻǘƻŎŜƭƭΣ 

ǇǊŜǾŜƴǝƴƎ ǘƘŜ Ŧŀƴ ŦǊƻƳ ǊǳƴƴƛƴƎ ǘƘǊƻǳƎƘ ǘƘŜ ƴƛƎƘǘ ŀƴŘ 

ŎŀǇǘǳǊƛƴƎ ƴƛƎƘǘ ƅȅƛƴƎ ƛƴǎŜŎǘǎ όŀǇƘƛŘǎ ŀǊŜ ŘŀȅπƅƛŜǊǎύ 

ǊŜŘǳŎƛƴƎ ǘƘŜ ŀƳƻǳƴǘ ƻŦ ΨōǳƎ ǎǘŜǿΩ ǘƻ ōŜ ǎƻǊǘŜŘ ŀƴŘ 

ǎŀǾƛƴƎ ǇƻǿŜǊΦ  ¢ƘŜ ǎŀƳǇƭŜ ƧŀǊǎ ǿŜǊŜ ŎƘŀƴƎŜŘ ǿŜŜƪƭȅ ōȅ 

ƎǊƻǿŜǊ ŎƻƻǇŜǊŀǘƻǊǎ ǿƘƻ ǘƘŜƴ ǎŜƴǘ ǘƘŜƳ ǘƻ ǘƘŜ ¦abπ

b²wh/ ŜƴǘƻƳƻƭƻƎȅ ƭŀōΦ LƴǎŜŎǘǎ ƛƴ ǘƘŜ ƧŀǊǎ ǿŜǊŜ ǎƻǊǘŜŘ 

ŀƴŘ ŀǇƘƛŘǎ ǊŜƳƻǾŜŘΦ !ǇƘƛŘǎ ǿŜǊŜ ǘƘŜƴ ƛŘŜƴǝŬŜŘ ǘƻ 

ǎǇŜŎƛŜǎ ŀƴŘ ŀǇƘƛŘ ǇƻǇǳƭŀǝƻƴ ŘȅƴŀƳƛŎǎ ŀǘ ǎŀƳǇƭŜ 

ƭƻŎŀǝƻƴǎ ǿŜǊŜ ŘŜǘŜǊƳƛƴŜŘΦ ¢ǊŀǇ ŎƻƭƭŜŎǝƻƴǎ ōŜƎŀƴ ƛƴ 

WǳƴŜ ŀƴŘ ǿŜǊŜ ƳŀƛƴǘŀƛƴŜŘ ǳƴǝƭ ǘƘŜ ǎŜŜŘ ŬŜƭŘ ƘƻǎǝƴƎ 

ǘƘŜ ǘǊŀǇ ǿŀǎ ǾƛƴŜπƪƛƭƭŜŘκƘŀǊǾŜǎǘŜŘΦ !ǘ ǘƘŀǘ Ǉƻƛƴǘ ŀ ŬŜƭŘ 

ǿŀǎ ƴƻ ƭƻƴƎŜǊ ŀǧǊŀŎǝǾŜ ǘƻ ŀǇƘƛŘǎΦ   

aŀǇǎ ǿŜǊŜ ƎŜƴŜǊŀǘŜŘ ǿŜŜƪƭȅ ǎƘƻǿƛƴƎ ǘƘŜǎŜ ŘȅƴŀƳƛŎǎΦ 

²Ŝ ǳǎŜŘ ƳǳƭǝǇƭŜ ŘƛƎƛǘŀƭ ŎƻƳƳǳƴƛŎŀǝƻƴǎ ǘŜŎƘƴƛǉǳŜǎ ǘƻ 

ŘƛǎǎŜƳƛƴŀǘŜ ǘƘƛǎ ƛƴŦƻǊƳŀǝƻƴΦ  Lǘ ǿŀǎ ƳŀŘŜ ŀǾŀƛƭŀōƭŜ ǘƻ 

ƎǊƻǿŜǊǎ ƻƴ ŀ ǿŜōǎƛǘŜ όŀǇƘƛŘŀƭŜǊǘΦōƭƻƎǎǇƻǘΦŎƻƳύΣ ōȅ · 

όŦƻǊƳŜǊƭȅ ¢ǿƛǧŜǊύ ǇƻǎǝƴƎ 

όƘǧǇǎΥκκǘǿƛǧŜǊΦŎƻƳκƳƴǎǇǳŘōǳƎύΣ Ǿƛŀ ǘƘŜ btD! ǿŜŜƪƭȅ 

ŜƭŜŎǘǊƻƴƛŎ ƴŜǿǎƭŜǧŜǊ όtƻǘŀǘƻ .ȅǘŜǎύΣ ƭƛƴƪŜŘ ǘƻ ƻƴ ǘƘŜ 

b5{¦ tƻǘŀǘƻ 9ȄǘŜƴǎƛƻƴ ǿŜōǇŀƎŜ όƘǧǇΥκκǿǿǿΦŀƎΦƴŘǎǳΦŜŘǳκǇƻǘŀǘƻŜȄǘŜƴǎƛƻƴύΣ ŀƴŘ ǇƻǎǘŜŘ ƻƴ ǘƘŜ 

!Ǝ5ŀƪƻǘŀ ƭƛǎǘ ǎŜǊǾŜΦ  

¢ƘŜ t±¸ ±ŜŎǘƻǊ wƛǎƪ LƴŘŜȄ ǿŀǎ ƛƴŎƭǳŘŜŘ ƛƴǘƻ ƳŀǇǎ ŀƴŘ ŀƭƭ ǿŜŜƪƭȅ ǊŜǇƻǊǝƴƎΦ !ǇƘƛŘ ǎǇŜŎƛŜǎ ƘŀǾŜ ŘƛũŜǊƛƴƎ 

ƭŜǾŜƭǎ ƻŦ ŜŶŎƛŜƴŎȅ ƛƴ ǘƘŜƛǊ ŀōƛƭƛǘȅ ǘƻ ǘǊŀƴǎƳƛǘ t±¸Φ ¢ƘŜ t±¸ ±ŜŎǘƻǊ wƛǎƪ LƴŘŜȄ ǳǎŜǎ ǊŜƭŀǝǾŜ ǘǊŀƴǎƳƛǎǎƛƻƴ 

ŜŶŎŀŎƛŜǎ ƻŦ ŘƛũŜǊŜƴǘ ŀǇƘƛŘ ǾŜŎǘƻǊ ǎǇŜŎƛŜǎ ǘƻ ǇǊŜǎŜƴǘ ǘƘŜ ǊŜƭŀǝǾŜ Ǌƛǎƪ ƻŦ ŘƛǎŜŀǎŜ ǘǊŀƴǎƳƛǎǎƛƻƴ ŀǘ ŜŀŎƘ 

ƭƻŎŀǝƻƴΦ   

wŜǎǳƭǘǎ ŀƴŘ 5ƛǎŎǳǎǎƛƻƴ  
/ƻƭƻǊŀŘƻ tƻǘŀǘƻ .ŜŜǘƭŜ ǇƻǇǳƭŀǝƻƴǎ ƛƴ нлнп ǿŜǊŜ ƘƛƎƘƭȅ ǾŀǊƛŀōƭŜ ŀǘ ŘƛũŜǊŜƴǘ ƭƻŎŀǝƻƴǎΦ ²ƘƛƭŜ ǎƻƳŜ 

ƭƻŎŀǝƻƴǎ ƘŀŘ ƳƻŘŜǊŀǘŜ ǘƻ ƘƛƎƘ ǇƻǇǳƭŀǝƻƴǎΣ ƻǘƘŜǊǎ ƘŀŘ ǾŜǊȅ ƭƻǿ ŦŜŜŘƛƴƎ ǇǊŜǎǎǳǊŜ ŦǊƻƳ ōŜŜǘƭŜǎΦ 

/ƻƭƭŜŎǝƻƴ ǎƛǘŜǎ ŦƻǊ ōŜŜǘƭŜǎ ŦǊƻƳ ƛƴŎƻƳƛƴƎ ƛƴŦƻǊƳŀǝƻƴ ǿŜǊŜ ƴƻǘ ŎƻƳƳƻƴ ŀƴŘ ŎƻƭƭŜŎǝƻƴǎ ǿŜǊŜ ƻƴƭȅ 

ŀǧŜƳǇǘŜŘ ŀǘ ǎŜǾŜǊŀƭ ƭƻŎŀǝƻƴǎΣ ŀƭƭ ƛƴ ǘƘŜ ǳǇǇŜǊ wŜŘ wƛǾŜǊ ±ŀƭƭŜȅ όww±ύ όǎŜǾŜǊŀƭ ƭƻŎŀǝƻƴǎ ƛƴ /ŜƴǘǊŀƭ ab 

  
CƛƎǳǊŜ сΦ   !ƴ  Aphid Alert   о Ƴ ǎǳŎǝƻƴ ǘǊŀǇ  
ŀƴŘ ǘƘŜ ǿŜŜƪƭȅ ŎŀǇǘǳǊŜ ƻŦ ΨōǳƎ ǎǘŜǿΩ  
ό ƛƴǎŜǘ ύΦ   

https://twitter.com/mnspudbug
https://twitter.com/mnspudbug
http://www.ag.ndsu.edu/potatoextension
http://www.ag.ndsu.edu/potatoextension
http://www.ag.ndsu.edu/potatoextension


мл 
 

ōŜƛƴƎ ǎŀƳǇƭŜŘ ƛƴ нлноύΦ  aƻǎǘ ƭƻŎŀǝƻƴǎ ǿŜǊŜ ǎŀƳǇƭŜŘ ŜŀǊƭȅ ƛƴ ǘƘŜ ǎŜŀǎƻƴ ŦƻǊ ƭŀǊǾŀŜ ŀƴŘ ƘŀŘ ƭƻǿ 

ǇƻǇǳƭŀǝƻƴǎΦ   

/ƻƭƭŜŎǝƻƴ ŀƴŘ ǘǊŀƴǎǇƻǊǘŀǝƻƴ ǘŜŎƘƴƛǉǳŜǎ ǳǎŜŘ ŦƻǊ ƭŀǊǾŀŜ ǊŜǎǳƭǘŜŘ ƛƴ ǎƛƎƴƛŬŎŀƴǘ ƳƻǊǘŀƭƛǘȅΣ ǇǊƻōŀōƭȅ ŘǳŜ 

Ƴƻǎǘƭȅ ǘƻ ƘŀƴŘƭƛƴƎΦ  ¢ƘŜ ŎƻƭƭŜŎǝƴƎ ŀƴŘ ǘŜǎǝƴƎ ǘŜŎƘƴƛǉǳŜǎ ƛƴǾƻƭǾŜŘ ƳŀƴƛǇǳƭŀǝƴƎ ƭŀǊǾŀŜΥ ŦǊƻƳ ƭŜŀǾŜǎ ƻǊ 

ǘƘŜ ŎŀƴǾŀǎ ǎƘŜŜǘ ƛƴǘƻ ǇƭŀǎǝŎ ǘǳōǎ ǳǎŜŘ ŦƻǊ ŎƻƭƭŜŎǝƻƴ ƛƴ 

ǘƘŜ ŬŜƭŘΣ ǘƘŜƴ ƛƴ ǘƘŜ ƭŀō ŦǊƻƳ ǘƘŜ ŬŜƭŘ ŎƻƭƭŜŎǝƴƎ ǘǳōǎ 

ƛƴǘƻ ƭŀǊƎŜǊ ǎǘƻǊŀƎŜ ŎƻƴǘŀƛƴŜǊǎΣ ǿƘƛŎƘ ǿŜǊŜ ǇƭŀŎŜŘ ƛƴǘƻ ŀ 

ǊŜŦǊƛƎŜǊŀǘƻǊ ŦƻǊ ǎǘƻǊŀƎŜ ǳƴǝƭ ǘŜǎǝƴƎΣ ǘƘŜƴ ƛƴǘƻ ǘƘŜ ǘǊƛŀƭ 

tŜǘǊƛŜ ǇƭŀǘŜǎΣ ŀƴŘ ŬƴŀƭƭȅΣ ǿƘƛƭŜ ƛƴ ǘƘŜ ǇƭŀǘŜǎΣ ƻƴǘƻ ǘƘŜƛǊ 

ōŀŎƪǎ ǎƻ ƛƴǎŜŎǝŎƛŘŜ ŎƻǳƭŘ ōŜ ǇƭŀŎŜŘ ƻƴ ǘƘŜ ǾŜƴǘǊŀƭ ǎƛŘŜ 

ƻŦ ǘƘŜƛǊ ŀōŘƻƳŜƴǎΦ !ƭƭ ƘŀƴŘƭƛƴƎ ƻŦ ƭŀǊǾŀŜ ǿŀǎ ŘƻƴŜ 

ǳǎƛƴƎ ΨƭƛǾŜΩ ŜƴǘƻƳƻƭƻƎȅ ŦƻǊŎŜǇǎΦ  ¢ƘŜǎŜ ŀǊŜ ǘƘƛƴΣ ƅŜȄƛōƭŜ 

ǎǘŀƛƴƭŜǎǎπǎǘŜŜƭ ŦƻǊŎŜǇǎ ŘŜǎƛƎƴŜŘ ǘƻ ƘƻƭŘ ƛƴǎŜŎǘǎ ǿƛǘƘƻǳǘ 

ƛƳǇŀǊǝƴƎ ǎǳŶŎƛŜƴǘ ŎǊǳǎƘ ǇǊŜǎǎǳǊŜ όŬƎ тύΦ  

¦ƴŦƻǊǘǳƴŀǘŜƭȅΣ /t. ƭŀǊǾŀŜ ŀǊŜ ǾŜǊȅ ǎƻƊ ŀƴŘ ǿƘƛƭŜ ǘƘŜ ŦƻǊŎŜǇǎ ƎŜƴŜǊŀƭƭȅ Řƻ ƴƻǘ ƛƳǇŀǊǘ ǎƛƎƴƛŬŎŀƴǘ 

ƳƻǊǘŀƭƛǘȅΣ ǘƘŜ ŀƳƻǳƴǘ ƻŦ ƘŀƴŘƭƛƴƎ όŀƴŘ ǇƻǘŜƴǝŀƭƭȅ ƭƻǿŜǊ ǘŜƳǇŜǊŀǘǳǊŜ ƻŦ ǘƘŜ ǊŜŦǊƛƎŜǊŀǘƻǊύ Ƴŀȅ ƘŀǾŜ 

ŎŀǳǎŜŘ ǘƘŜ ƻōǎŜǊǾŜŘ ƘƛƎƘ ƳƻǊǘŀƭƛǘȅΦ ¢ƘŜ ƘƛƎƘ ǊŀǘŜǎ ƻŦ ƳƻǊǘŀƭƛǘȅ ƳŀŘŜ ƛǘ ŘƛŶŎǳƭǘ ǘƻ ŬƴŘ ǎƛƎƴƛŬŎŀƴǘ 

ŘƛũŜǊŜƴŎŜǎ ƛƴ ǘǊŜŀǘŜŘ ŀƴŘ ǳƴǘǊŜŀǘŜŘ ŎƻƴǘǊƻƭ ǎŀƳǇƭŜǎ ƻŦ ƭŀǊǾŀŜ ŎƻƭƭŜŎǘŜŘ ŦǊƻƳ ŬŜƭŘǎΣ ƻǊ ŀƴȅ ŘƛũŜǊŜƴŎŜǎ ƛƴ 

ǊŀǘŜ ƻŦ ŀǇǇƭƛŜŘ ƛƴǎŜŎǝŎƛŘŜ όōŀǎƛŎŀƭƭȅ ŎƭƻǎŜ ǘƻ млл҈ ƳƻǊǘŀƭƛǘȅΣ ǊŜƎŀǊŘƭŜǎǎ ƻŦ ǿƘŀǘ ƘŀŘ ōŜŜƴ ŀǇǇƭƛŜŘύΦ  

/ƻƴǎŜǉǳŜƴǘƭȅΣ ƛǘ ǿŀǎ ƴƻǘ ǇƻǎǎƛōƭŜ ǘƻ ŘŜǘŜǊƳƛƴŜ ǘƘŜ ƭŜǾŜƭǎ ƻŦ ƛƴǎŜŎǝŎƛŘŜ ǘƻƭŜǊŀƴŎŜ ŦǊƻƳ ŜŀǊƭȅ ǎŜŀǎƻƴΣ 

ŬŜƭŘπŎƻƭƭŜŎǘŜŘ /t.Φ  

!Řǳƭǘ /t. ǘŜǎǘŜŘ ƛƴ ǘƘŜ ŎŜƴǘǊŀƭ wŜŘ wƛǾŜǊ ±ŀƭƭŜȅ ƻŦ aƛƴƴŜǎƻǘŀ ŀƴŘ bƻǊǘƘ 5ŀƪƻǘŀ ǿŜǊŜ ǊŜƭŀǝǾŜƭȅ 

ǳƴŎƘŀƴƎŜŘ ŦǊƻƳ нлно ǿƛǘƘ ƻƴŜ ŜȄŎŜǇǝƻƴΣ ¢ƘŜ b²wh/ ǎƛǘŜ ƛƴ /ǊƻƻƪǎǘƻƴΣ ab ǎƘƻǿŜŘ ŀ ǎƛƎƴƛŬŎŀƴǘ 

ŘŜŎǊŜŀǎŜ ƛƴ ŜŶŎŀŎȅ ƻŦ ǘƘŜ !ƴǘƘǊŀƴƛƭƛŎ 5ƛŀƳƛŘŜ ǘŜǎǘŜŘ ό/ƻǊŀƎŜƴΣ ŀƛ  

Ґ /ƘƭƻǊŀǘǊŀƴƛƭƛǇǊƻƭŜύ ƘŀŘ ŀ ǎƛƎƴƛŬŎŀƴǘ ŘŜŎǊŜŀǎŜ ƛƴ ŜŶŎŀŎȅ ǎƛƴŎŜ ǘƘŜ ǇǊŜǾƛƻǳǎ ȅŜŀǊ ό¢ŀōƭŜ мύΦ  ¢ƘŜ ǊŀǘŜǎ 

ǎŜŜƴ ŀǘ ǘƘŜ ǎŜŎƻƴŘ ƭƻŎŀǝƻƴΣ ŀ ƭŀǊƎŜ ƳǳƭǝπǳǎŜǊ ƎŀǊŘŜƴ ǎƛǘŜ мл ƳƛƭŜǎ ǘƻ ǘƘŜ {9Σ ǿŜǊŜ ǎƛƳƛƭŀǊ ǘƻ ǘƘƻǎŜ ŦƻǳƴŘ 

ŀǘ /ǊƻƻƪǎǘƻƴΦ  /Ǌƻƻƪǎǘƻƴ ǊŜǎǳƭǘǎ ŀǊŜ ǇǊŜǎŜƴǘŜŘ ŀǎ ǘƘŜ ƻǘƘŜǊ ƭƻŎŀǝƻƴ ǿŀǎ ǎŀƳǇƭŜŘ ōŜŎŀǳǎŜ ƛǘ ǿŀǎ ŀ 

ƭƻŎŀǝƻƴ ǿƛǘƘ ƘƛƎƘ ŦŜŜŘƛƴƎ ǇǊŜǎǎǳǊŜΦ    

/ǊƻƻƪǎǘƻƴΣ ƭƛƪŜ Ƴƻǎǘ ƻŦ ǘƘŜ Ǉƻǘŀǘƻ ƎǊƻǿƛƴƎ ŀǊŜŀǎ ƛƴ b9 b5 ŀƴŘ b² abΣ Ƙŀǎ ŜǎǘŀōƭƛǎƘŜŘ ǊŜǎƛǎǘŀƴŎŜ ǘƻ ǘƘŜ 

ƴŜƻƴƛŎƻǝƴƻƛŘ ƛƴǎŜŎǝŎƛŘŜǎ !ŘƳƛǊŜΣ ŀƛҐƛƳƛŘŀŎƭƻǇǊƛŘ ƎǊƻǳǇҐпΣ ǿŀǎ ǘŜǎǘŜŘύΦ  ²ƘƛƭŜ ǘƘƛǎ ƛƴŘƛŎŀǘŜǎ 

bŜƻƴƛŎƻǝƴƻƛŘǎ ǿƛƭƭ ƭƛƪŜƭȅ ƴƻǘ ǎǳǇǇǊŜǎǎ /t. ǇƻǇǳƭŀǝƻƴǎ ƻƴ ǘƘŜƛǊ ƻǿƴ ŀƴŘ ŦƻƭƛŀǊ ŀǇǇƭƛŎŀǝƻƴǎ ƻŦ ŀƭǘŜǊƴŀǘŜ 

ƛƴǎŜŎǝŎƛŘŜǎ ǿƛƭƭ ōŜ  

¢ŀōƭŜ мΦ wŜƭŀǝǾŜ ǊŀǘŜǎ ƻŦ ŜŶŎŀŎȅ ŦƻǊ ƳŀƧƻǊ ƛƴǎŜŎǝŎƛŘŜ ƳƻŘŜǎ ƻŦ ŀŎǝƻƴ ŀƎŀƛƴǎǘ /ƻƭƻǊŀŘƻ tƻǘŀǘƻ .ŜŜǘƭŜ ŀǘ 
/ǊƻƻƪǎǘƻƴΣ ab нлно ŀƴŘ нлнпΦ  

 Location  Insecticide Name / Active Ingredient / Mode of Action # / Class  
 Admire /  AgriMek /  Blackhawk or  Coragen /  Torac /  
 Imidacloprid  Abamectin 6  Delegate /  Chlorantranilip Tolfenpyrad 20- 

4A Avermectin Spinosad 5 role 28  21  Neonicotinoid Spinosyns Diamides METI  

 Susceptible  LD50=  LD50=  LD50= 0.12X LD50= 0.03X   LD50= 0.38X  
 Lab Colony  0.074X  <0.00X  1X= 87.0%  1X= 89.3%  1X= 80.5%  
 1X= 75.6%  1X= 97.7%  
            

 UMN  LD50=  LD50=  LD50=     LD50= 0.06X  

  
CƛƎǳǊŜ тΦ Ψ[ƛǾŜΩ ŜƴǘƻƳƻƭƻƎȅ ŦƻǊŎŜǇǎΦ   



мм 
 

 NWROC  2.71X  0.13X  0.05X  1X= 91.8%  

2023 1X= 38.7%  1X= 87.1% 

 1X= 87.8%  
(Crookston,  
MN)  

 UMN  LD50=  LD50=  LD50=  LD50= *  LD50= 0.039X  
 NWROC  2.80X  .0031X  0.0004X      

2024 1X label  1X label rate  
 (Crookston,  1X label  1X label  1X label  rate =  = 82.928%  
 MN)  rate =  rate =  rate =  61.43%  mort  

39.02% 87.90% 97.63% mort mort mort mort   
*=not available  

  
[5рл ς ǘƘŜ Ƴƻǳƴǘ ƻŦ ƛƴǎŜŎǝŎƛŘŜ όƛƴ ǘƘƛǎ ŎŀǎŜ ŜȄǇǊŜǎǎŜŘ ŀǎ · ǘƘŜ ƘƛƎƘ ƭŀōŜƭ ǊŀǘŜ ƻŦ ǘƘŜ ƛƴǎŜŎǝŎƛŘŜύ ǘƘŀǘ ƛǎ ƴŜŜŘŜŘ 
ǘƻ ƪƛƭƭ рл҈ ƻŦ ǘƘŜ ǇƻǇǳƭŀǝƻƴΦ  ! ƭƻǿŜǊ [5рл ƳŜŀƴǎ ƭŜǎǎ ƛƴǎŜŎǝŎƛŘŜ ƛǎ ǊŜǉǳƛǊŜŘ ǘƻ ƪƛƭƭ ŀƴ ƛƴŘƛǾƛŘǳŀƭΣ ǘƘŜǊŜŦƻǊŜ ǘƘŜ 
ƭƻǿŜǊ ǘƘŜ [5рлΣ ǘƘŜ ƭŜǎǎ ǊŜǎƛǎǘŀƴŎŜ ƛƴ ǘƘŜ ƛƴǎŜŎǘ ǇƻǇǳƭŀǝƻƴ ǘƻ ǘƘƛǎ ƛƴǎŜŎǝŎƛŘŜΦ  
м· Ґ ǘƘŜ ŜȄǇŜŎǘŜŘ ǇŜǊŎŜƴǘ ƻŦ ǘƘŜ ƛƴǎŜŎǘ ǇƻǇǳƭŀǝƻƴ ƪƛƭƭŜŘ ōȅ м· ǘƘŜ ƘƛƎƘ ƭŀōŜƭ ǊŀǘŜ ƻŦ ǘƘŜ ƛƴǎŜŎǝŎƛŘŜ ōŀǎŜŘ ƻƴ 
ǘƘŜ ōƛƻŀǎǎŀȅΦ  ¢ƘŜ ƘƛƎƘŜǊ ǘƘƛǎ ƴǳƳōŜǊΣ ǘƘŜ ƭŜǎǎ ǊŜǎƛǎǘŀƴŎŜ ǘƻ ǘƘƛǎ ƛƴǎŜŎǝŎƛŘŜ ƛƴ ǘƘŜ ǘŜǎǘŜŘ ƛƴǎŜŎǘ ǇƻǇǳƭŀǝƻƴΦ  

WELL ESTABLISHED RESISTANCE       LIKELY DEVELOPING RESISTANCE    

POTENTIAL DEVELOPING RESISTANCE       NO EVIDENCE OF RESISTANCE  

  

ƴŜŎŜǎǎŀǊȅΦ  ¢Ƙƛǎ ƛǎ ƴƻǘ ǘƻ ǎŀȅ ǘƘŀǘ ƴŜƻƴƛŎƻǝƴƻƛŘǎ ǿƻƴΩǘ ǎǳǇǇǊŜǎǎ ŀǇƘƛŘǎΣ ƭŜŀŪƻǇǇŜǊǎ ŀƴŘ ƻǘƘŜǊ ǇƻǘŜƴǝŀƭ 

ǎǳǎŎŜǇǝōƭŜ ƛƴǎŜŎǘǎΦ    

¢ƘŜ ŘƛŀƳƛŘŜ ǘŜǎǘŜŘ ό/ƻǊŀƎŜƴΣ ŀƛҐ/ƘƭƻǊŀƴǘǊŀƴƛƭƛǇǊƻƭŜ ƎǊƻǳǇҐнуύ ƘŀŘ ǎƛƎƴƛŬŎŀƴǘƭȅ ƭŜǎǎ ŜŶŎŀŎȅ ŀƎŀƛƴǎǘ ŬŜƭŘ 

ǘŜǎǘŜŘ /t. όǘƘŜ мȄ ƭŀōŜƭ ǊŀǘŜ ǇǊƻǾƛŘŜŘ Ϥсм҈ ƳƻǊǘŀƭƛǘȅύ ǘƘŀƴ ƛǘ ŘƛŘ ŀƎŀƛƴǎǘ ǘƘŜ ƴŀƠǾŜ ƭŀō ǇƻǇǳƭŀǝƻƴ όǘƘŜ 

мȄ ƭŀōŜƭ ǊŀǘŜ ǇǊƻǾƛŘŜŘ Ϥуф҈ ƳƻǊǘŀƭƛǘȅύΦ ²ƘƛƭŜ ƴƻǘ ǘŜǎǘŜŘ ƛƴ нлноΣ ǘƘŜ ŘƛũŜǊŜƴŎŜ ƛƴ ƳƻǊǘŀƭƛǘȅ ōŜǘǿŜŜƴ ǘƘŜ 

ƭŀō ǇƻǇǳƭŀǝƻƴ ŀƴŘ ǘƘŜ ŬŜƭŘ ǇƻǇǳƭŀǝƻƴ ƛǎ ƛƴŘƛŎŀǝǾŜ ƻŦ ƭƛƪŜƭȅ ŘŜǾŜƭƻǇƛƴƎ ǊŜǎƛǎǘŀƴŎŜΦ  LŦ ǘƘƛǎ ƛǎ ŀ ƳƻŘŜ ƻŦ 

ŀŎǝƻƴ ǊŜǎƛǎǘŀƴŎŜΣ ŀǎ ƛǎ Ƴƻǎǘ ǊŜǎƛǎǘŀƴŎŜ ōŀǎŜŘ ƻƴ ƳŜǘŀōƻƭƛŎ ŘŜǘƻȄƛŬŎŀǝƻƴΣ ǘƘƛǎ ŎƻǳƭŘ ōŜ ŀƴ ƛƳǇƻǊǘŀƴǘ ƭƻǎǎ 

ƎƛǾŜƴ ǘƘŜ ŎǳǊǊŜƴǘ ǊŜƭƛŀƴŎŜ ƻƴ ŘƛŀƳƛŘŜǎ ŀǎ ŀƴΣ ǳǇ ǘƻ ƴƻǿΣ ŜũŜŎǝǾŜ ŦƻƭƛŀǊ ŀƎŀƛƴǎǘ /t.Φ   

¢ƘŜ !ōŀƳŜŎǝƴ ǘŜǎǘŜŘ ό!ƎǊƛaŜƪΣ ŀƛҐŀōŀƳŜŎǝƴΣ ƎǊƻǳǇҐсύ ǇŜǊŦƻǊƳŜŘ ƳǳŎƘ ŀǎ ƛǘ ŘƛŘ ƛƴ нлноΣ ǇǊƻǾƛŘƛƴƎ 

ƎƻƻŘ ŎƻƴǘǊƻƭ ƻŦ /t. ƛƴ ǘƘŜǎŜ ǇƭƻǘǎΦ  Lǘ ŀǇǇŜŀǊǎ ǘƘŜ ŎŜƴǘǊŀƭ ww± Ƙŀǎ ƴƻǘ ȅŜǘ ŘŜǾŜƭƻǇŜŘ ǘƘŜ ƭŜǾŜƭ ƻŦ 

ǘƻƭŜǊŀƴŎŜ ǎŜŜƴ ƛƴ /t. ǇƻǇǳƭŀǝƻƴǎ ǇǊŜǎŜƴǘ ƛƴ /ŜƴǘǊŀƭ abΦ  

IŀǾƛƴƎ ǎŀƛŘ ǘƘŀǘΣ ǘƘŜ ƭŜǾŜƭǎ ƻŦ ŀōŀƳŜŎǝƴΩǎ ŜŶŎŀŎȅ ŀƎŀƛƴǎǘ ǘƘŜ /Ǌƻƻƪǎǘƻƴ ǇƻǇǳƭŀǝƻƴ όŀ  

мȄ ƭŀōŜƭ ǊŀǘŜ ǇǊƻǾƛŘŜŘ Ϥут҈ ƳƻǊǘŀƭƛǘȅύ ŀǊŜ ƴƻǘ ǘƘƻǎŜ ǎŜŜƴ ŀƎŀƛƴǎǘ ǘƘŜ ƭŀō ƴŀƠǾŜ Ŏƻƭƻƴȅ όŀ мȄ ƭŀōŜƭ ǊŀǘŜ 

ŀǇǇƭƛŎŀǝƻƴ ǇǊƻǾƛŘŜŘ Ϥфу҈ ƳƻǊǘŀƭƛǘȅύΦ /ƻƴǎŜǉǳŜƴǘƭȅΣ ǘƘŜǊŜ Ƴŀȅ ōŜ ǇƻǘŜƴǝŀƭ ǊŜǎƛǎǘŀƴŎŜ ŘŜǾŜƭƻǇƛƴƎ ƛƴ 

ww± /t. ǇƻǇǳƭŀǝƻƴǎΦ ¢Ƙƛǎ ƛǎ ƴƻǘ ŎƻƳǇƭŜǘŜƭȅ ǳƴŜȄǇŜŎǘŜŘΦ  !ōŀƳŜŎǝƴ Ƙŀǎ ōŜŎƻƳŜ ŀ Ǝƻπǘƻ ŬǊǎǘ ǊƻǳƴŘ 

ǇǊƻŘǳŎǘ ŘǳŜ ǘƻ ƛǘǎ ǿƛŘŜǎǇǊŜŀŘ ŀƴŘ ŜŎƻƴƻƳƛŎ ŀǾŀƛƭŀōƛƭƛǘȅΦ ²ƘŜƴ ǳǎƛƴƎ ŀōŀƳŜŎǝƴ ǇǊƻŘǳŎǘǎ ƛƴ ǘƘŜ ww±Σ 

ƎǊƻǿŜǊǎ ǎƘƻǳƭŘ ōŜ ŀǿŀǊŜ ƻŦ ǇƻǘŜƴǝŀƭ ǊŀǘŜ ŎǊŜŜǇ όŀƴ ƛƴŎǊŜŀǎŜ ƛƴ ǘƘŜ ŀƳƻǳƴǘ ƻŦ ǇǊƻŘǳŎǘ ƴŜŎŜǎǎŀǊȅ ǘƻ 

ŀŎƘƛŜǾŜ ǇǊŜǾƛƻǳǎ ƭŜǾŜƭǎ ƻŦ ŎƻƴǘǊƻƭύ ŀǎ ƛǘ ƛǎ ŀƴ ŜŀǊƭȅ ƛƴŘƛŎŀǘƻǊ ƻŦ ǘƘŜ ƻƴǎŜǘ ƻŦ ǊŜǎƛǎǘŀƴŎŜΦ ¢ƘŜ ŀŘŘƛǝƻƴ ƻŦ 

t.h ƛƴ нлнл ǘǊƛŀƭǎ όaŀŎwŀŜ нлнлύ ŘƛŘ ƴƻǘ ǎŜŜ ŀ ǎƛƎƴƛŬŎŀƴǘ ƛƴŎǊŜŀǎŜ ƛƴ ŜŶŎŀŎȅ ƻŦ ŀōŀƳŜŎǝƴ ŀǘ ǘƘŜ 

/Ǌƻƻƪǎǘƻƴ ǎƛǘŜΦ Lǘ Ƴŀȅ ōŜΣ ƘƻǿŜǾŜǊΣ ǘƘŀǘ ǘƘŜǊŜ ǿŀǎ ƭƛǧƭŜ ǘƻƭŜǊŀƴŎŜ ǘƻ ŀōŀƳŜŎǝƴ ŀǘ ǘƘŀǘ ǝƳŜΣ ǎƻ ǘƘŜ 

ŀŘŘƛǝƻƴ ƻŦ t.h Ƴŀȅ ƴƻǘ ƘŀǾŜ ƳŀŘŜ ŀ ǎƛƎƴƛŬŎŀƴǘ ŘƛũŜǊŜƴŎŜΦ  Lǘ ǎƘƻǳƭŘ ōŜ ƴƻǘŜŘΣ ƘƻǿŜǾŜǊΣ ǘƘŀǘ ǘƘŜ 

ŀŘŘƛǝƻƴ ƻŦ t.h ǘƻ ŀōŀƳŜŎǝƴ ŘƻŜǎ ƛƴŎǊŜŀǎŜ ƛǘΩǎ ŜŶŎŀŎȅ ŀƎŀƛƴǎǘ ǇƻǇǳƭŀǝƻƴǎ ƻŦ /t. ƛƴ ŎŜƴǘǊŀƭ ab ŀƴŘ ƛǎ ŀ  

ǊŜƎǳƭŀǊ ŀŘŘƛǝƻƴ ǘƻ ǘƘƻǎŜ ŀǇǇƭƛŎŀǝƻƴǎΦ  



мн 
 

Lƴ ōŜǧŜǊ ƴŜǿǎΣ ōƻǘƘ ǘƘŜ ǘŜǎǘŜŘ ǎǇƛƴƻǎȅƴǎ ό5ŜƭŜƎŀǘŜΣ ŀƛҐǎǇƛƴŜǘƻǊŀƳ ƎǊƻǳǇҐрύ ŀƴŘ ǘƘŜ a9¢L ό¢ƻǊŀŎΣ 

ŀƛҐ¢ƻƭŦŜƴǇȅǊŀŘ ƎǊƻǳǇҐнм!ύ ǊŜƳŀƛƴ ǾŜǊȅ ŜũŜŎǝǾŜ ŀƴŘ ŀǊŜ ŘŜƭƛǾŜǊƛƴƎ ǎƛƳƛƭŀǊ ƭŜǾŜƭǎ ƻŦ ƳƻǊǘŀƭƛǘȅ ŀǎ ǎŜŜƴ 

ŀƎŀƛƴǎǘ ǘƘŜ ƴŀƠǾŜ ƭŀō ǇƻǇǳƭŀǝƻƴΦ  ¢ƘŜ ǘŜǎǘŜŘ ww± ǇƻǇǳƭŀǝƻƴ ƻŦ /t. ǎƘƻǿŜŘ ƴƻ ǎƛƎƴǎ ƻŦ ŘŜǾŜƭƻǇƛƴƎ 

ǊŜǎƛǎǘŀƴŎŜ ǘƻ ŜƛǘƘŜǊ ƳƻŘŜ ƻŦ ŀŎǝƻƴΦ  

  

APHID ALERT ς wŜƎƛƻƴŀƭ ŀǾŜǊŀƎŜ 

ŀǇƘƛŘ ǾŜŎǘƻǊ ǘǊŀǇ ŎŀǇǘǳǊŜǎ ƛƴ нлнп ǿŜǊŜ 

ǾŜǊȅ ǎƛƳƛƭŀǊ ǘƻ ǘƘŜ нлмнπнлно ŀǾŜǊŀƎŜ 

όŬƎ уύΦ ¢ƘŜ ǿŜŜƪƭȅ ǇƻǇǳƭŀǝƻƴ ŎŀǇǘǳǊŜǎ 

ǿŜǊŜ ǎƛƳƛƭŀǊΣ ŀǎ ǿŜǊŜ ǘƘŜ ǿŜŜƪƭȅ t±¸ 

±ŜŎǘƻǊ LƴŘŜȄ ǾŀƭǳŜǎΦ ¢ƘŜ ǎŜŀǎƻƴŀƭ 

ǎǇŜŎƛŜǎ ŎƻƳǇƻǎƛǝƻƴ ŀŎǊƻǎǎ ǘƘŜ ǊŜƎƛƻƴ 

ƛƴ нлнп ǾŀǊƛŜŘ ŎƻƴǎƛŘŜǊŀōƭȅ ŦǊƻƳ ǘƘŀǘ 

ƻŦ ǘƘŜ нлмоπнлно ŀǾŜǊŀƎŜΦ ¢ƘŜǊŜ ǿŜǊŜ 

ŎƻƴǎƛŘŜǊŀōƭȅ ƳƻǊŜ ǎƻȅōŜŀƴ ŀǇƘƛŘǎ ǘƘŀƴ 

ŀǾŜǊŀƎŜ ŀƴŘΣ ǎǳǊǇǊƛǎƛƴƎƭȅΣ ŦŜǿŜǊ ǎƳŀƭƭ 

ƎǊŀƛƴ ŀǇƘƛŘǎΦ Lǘ ǎƘƻǳƭŘ ōŜ ƴƻǘŜŘ ǘƘŀǘ 

ǘƘŜǊŜ ǿŜǊŜ ǘǿƻ ŀŘŘƛǝƻƴŀƭ ǎǇŜŎƛŜǎ 

ƛƴŎƭǳŘŜŘ ƛƴ ǘƘŜ нлнп ƎǊŀǇƘ ǘƘŀƴ ƛƴ ǘƘŜ 

нлмоπнлно ŀǾŜǊŀƎŜ ƎǊŀǇƘΤ ǘƘŜǎŜ ǘǿƻ 

ǎǇŜŎƛŜǎ ǿŜǊŜ ƴƻǘ ǎŀƳǇƭŜŘ ŜŀǊƭȅ ƛƴ ǘƘŀǘ 

ǇŜǊƛƻŘ ŀƴŘ ǎƻ ǿŜǊŜ ƴƻǘ ƛƴŎƭǳŘŜŘ ƛƴ 

ǘƘƻǎŜ ŘŀǘŀΦ  ¢ƘŜ нлмоπнлно ƎǊŀǇƘ ƛǎ 

ƛƴǘŜǊŜǎǝƴƎ ƛƴ ǘƘŀǘ ƛǘ ƛƴŘƛŎŀǘŜǎ ǘƘŀǘ ǘƘŜ 

ƳŀƧƻǊƛǘȅ ƻŦ ǘƘŜ Ƴƻǎǘ ƴǳƳŜǊƻǳǎ ŀǇƘƛŘ 

ǾŜŎǘƻǊ ǎǇŜŎƛŜǎ ǊŜŎƻǾŜǊŜŘ ƛƴ ǘƘŜ ǘǊŀǇǎ 

ŀǊŜ ƴƻƴπŎƻƭƻƴƛȊƛƴƎ ǎǇŜŎƛŜǎΦ ¢Ƙƛǎ 

ǳƴŘŜǊǎŎƻǊŜǎ ǘƘŜ ƛƳǇƻǊǘŀƴŎŜ ƻŦ ǘƘŜǎŜ 

ǎǇŜŎƛŜǎ ƛƴ ǾŜŎǘƻǊƛƴƎ t±¸ ŀƴŘ ǘƘŜ 

ŘƛŶŎǳƭǘȅ ƛƴ ŜǎǝƳŀǝƴƎ ǘƘŜ Ǌƛǎƪ ƻŦ t±¸ 

ǘǊŀƴǎƳƛǎǎƛƻƴ ōŀǎŜŘ ƻƴ ŬŜƭŘ ǎŎƻǳǝƴƎΣ 

ǿƘŜǊŜ ǎǳŎƘ ǎǇŜŎƛŜǎ ŀǊŜ ǊŀǊŜƭȅ 

ŜƴŎƻǳƴǘŜǊŜŘΦ CǳǘǳǊŜ ǊŜǇƻǊǘǎ ǿƛƭƭ 

ƛƴŎƭǳŘŜ ŎŀƭŎǳƭŀǝƻƴǎ ƻŦ ǘƘŜ ǊŜƎƛƻƴŀƭ ŀƴŘ 

ŀƴƴǳŀƭ t±¸ ±ŜŎǘƻǊ wƛǎƪ LƴŘŜȄ ǾŀƭǳŜǎ 

ŎƻƴǘǊƛōǳǘŜŘ ōȅ ŜŀŎƘ ǎǇŜŎƛŜǎ ŎŀǇǘǳǊŜŘΦ  

  

   

    

  
CƛƎǳǊŜ уΦ  !ǾŜǊŀƎŜ ǊŜƎƛƻƴŀƭ t±¸ ǾŜŎǘƻǊ ŎŀǇǘǳǊŜǎ ŀƴŘ t±¸ ǾŜŎǘƻǊ  
Ǌƛǎƪ ƛƴŘŜȄ ōȅ ǿŜŜƪ ƛƴ нлнп όǘƻǇ ƎǊŀǇƘύ ŀƴŘ ǘƘŜ ŀǾŜǊŀƎŜ ǊŜƎƛƻƴŀƭ  
ǾŜŎǘƻǊ Ǌƛǎƪ ƛƴŘŜȄ ōȅ ǿŜŜƪ ŀǾŜǊŀƎŜŘ ŦǊƻƳ нлмо π нлно ό ōƻǧƻƳ  
ƎǊŀǇƘύΦ   
  



мо 
 

 
²ƘƛƭŜ ǘƘŜ ǊŜƎƛƻƴŀƭ  



мп 
 

 

¢ƘŜ ǿƛŘŜ ŘƛǎǘǊƛōǳǝƻƴ ƻŦ ǘƘŜ Řŀǘŀ ƎŜƴŜǊŀǘŜŘ ōȅ !ǇƘƛŘ !ƭŜǊǘ Ƙŀǎ ǊŜǎǳƭǘŜŘ ƛƴ ǿƛŘŜǎǇǊŜŀŘ ǊŜŎƻƎƴƛǝƻƴ ƻŦ ǘƘŜ 

ǇǊƻƧŜŎǘΦ !ǘ ŀ ǊŜŎŜƴǘ ƳŜŜǝƴƎ ƛƴ aŀƴƛǘƻōŀ ƛǘ ǿŀǎ ŜǾƛŘŜƴǘ ǘƘŜ ƴŜǘǿƻǊƪ ǿŀǎ ǿŜƭƭπƪƴƻǿƴΦ {ƛƴŎŜ нлмнΣ ǘƘŜ 

ǿŜōǎƛǘŜ όŀǇƘƛŘŀƭŜǊǘΦōƭƻƎǎǇƻǘΦŎƻƳύ Ƙŀǎ ǊŜŎŜƛǾŜŘ ϤуоY ǾƛǎƛǘǎΣ Ƴƻǎǘƭȅ ŦǊƻƳ ǘƘŜ ¦Φ{Φ ōǳǘ ŀƭǎƻ /ŀƴŀŘŀΣ 

9ǳǊƻǇŜΣ LǎǊŀŜƭ ŀƴŘ ǘƘŜ aƛŘŘƭŜ 9ŀǎǘΣ !ǎƛŀ ŀƴŘ {ƻǳǘƘ !ƳŜǊƛŎŀΦ ¢ƘŜ Řŀǘŀ ǇǊŜǎŜƴǘŜŘ ƛǎ ŀǇǇŀǊŜƴǘƭȅ ǳǎŜŦǳƭ ƛƴ 

ǘƘŜ ŬŜƭŘ ŀǎ Ƴƻǎǘ ƻŦ ǘƘŜ ŀǳŘƛŜƴŎŜ ƛǎ ŎƻƴƴŜŎǝƴƎ ǘƘǊƻǳƎƘ ƳƻōƛƭŜ /ƘǊƻƳŜ ŀƴŘ ƳƻōƛƭŜ {ŀŦŀǊƛΦ   

!ƭǘƘƻǳƎƘ ǘƘŜ ǇƻǇǳƭŀǝƻƴ ƻŦ ǾŜŎǘƻǊǎ ŀƴŘ ǾŜŎǘƻǊ ǇǊŜǎǎǳǊŜ ǿŀǎ ŎƭƻǎŜ ǘƻ ŀ ƳǳƭǝπȅŜŀǊ ŀǾŜǊŀƎŜΣ ǘƘŜǊŜ ǿŜǊŜ 

ǎŜǾŜǊŀƭ ƭƻŎŀǝƻƴǎ ǿƘŜǊŜ ŀǇƘƛŘ ǇƻǇǳƭŀǝƻƴǎ ǊƻǎŜ ǘƻ ōŜŎƻƳŜ ŀ ǇǊƻōƭŜƳ ƛƴ ŎƻƳƳŜǊŎƛŀƭ ǇǊƻŘǳŎǝƻƴ ƛƴ нлнпΦ  

{ŜǾŜǊŀƭ ŬŜƭŘǎ ƛƴ /ŜƴǘǊŀƭ ab ƘŀŘ ǎƛƎƴƛŬŎŀƴǘ ŘŀƳŀƎŜ ŦǊƻƳ ǉǳƛŎƪƭȅ ƎǊƻǿƛƴƎ ŀǇƘƛŘ ǇƻǇǳƭŀǝƻƴǎ ƭŀǘŜ ƛƴ ǘƘŜ 

ǎŜŀǎƻƴΦ  ¢ƘŜ ŀǇƘƛŘǎ ǿŜǊŜ ƛŘŜƴǝŬŜŘ ŀǎ DǊŜŜƴ tŜŀŎƘ !ǇƘƛŘ ŀƴŘ ƎǊƻǿŜǊǎ ǊŜǇƻǊǘŜŘ ǘƘŜƛǊ ŜǎǘŀōƭƛǎƘƳŜƴǘ ŀƴŘ 

ǇƻǇǳƭŀǝƻƴ ƛƴŎǊŜŀǎŜ ǿŀǎ ǊŀǇƛŘΦ ¢Ƙƛǎ ǊŜǎǳƭǘŜŘ ǿŀǎ ƘƛƎƘ ƴǳƳōŜǊǎ ƻŦ ΨŀǇƘƛŘ ƘƻƭŜǎΩ ƛƴ ǎƻƳŜ ŬŜƭŘǎ όŬƎ ммύΦ 

!ƊŜǊ ŎƻƭƻƴƛȊƛƴƎ ŀǇƘƛŘ ǎǇŜŎƛŜǎ ƭŀƴŘ ƛƴ ƻƴ ǇƭŀƴǘǎΣ ǘƘŜȅ ōŜƎƛƴ ǘƻ ŦŜŜŘ ŀƴŘ ǘƘŜƴ ŘŜǇƻǎƛǘ ŀ ǿƛƴƎƭŜǎǎ ŘŀǳƎƘǘŜǊ 

ŀƴŘ ǘƘŜƴ ƅȅ ǘƻ ŀ ƴŜǿ ǇƭŀƴǘΦ ¢ƘŜ ŘŀǳƎƘǘŜǊǎ ōŜƎƛƴ ŦŜŜŘƛƴƎ ƛƳƳŜŘƛŀǘŜƭȅ ŀƴŘΣ ŘŜǇŜƴŘƛƴƎ ƻƴ ǘƘŜ ǎǇŜŎƛŜǎ ŀƴŘ 

ŀƳōƛŜƴǘ ǘŜƳǇŜǊŀǘǳǊŜΣ Ŏŀƴ ōŜŎƻƳŜ ŀŘǳƭǘǎ ŀƴŘ ōŜƎƛƴ ŘŜǇƻǎƛǝƴƎ ǘƘŜƛǊ ƻǿƴ ŘŀǳƎƘǘŜǊǎ ƛƴ ŀǎ ǎƘƻǊǘ ŀǎ 

ǎŜǾŜǊŀƭ ŘŀȅǎΦ !ǎ ǘƘŜ ǇƻǇǳƭŀǝƻƴ ƻŦ ŀǇƘƛŘǎ ǊƛǎŜǎΣ ǘƘŜȅ ŜȄǇŀƴŘ ǘƻ ƴŜƛƎƘōƻǊƛƴƎ Ǉƭŀƴǘǎ ŎŀǳǎƛƴƎ ǊƻǳƎƘƭȅ 

ŎƛǊŎǳƭŀǊ ǇŀǧŜǊƴǎ ŀǎ ǘƘŜȅ ŦŜŜŘ ƻƴ ŀƴŘ ƪƛƭƭ Ƙƻǎǘ ǇƭŀƴǘǎΦ .ŜŎŀǳǎŜ ŀǇƘƛŘǎ ŀǊŜ ǉǳƛŎƪ ǘƻ ƳŀǘǳǊŜΣ ŀǊŜ 

ǇŀǊǘƘŜƴƻƎŜƴƛŎ ŀƴŘ ƭŀȅ ƭƛǾŜ ƻũǎǇǊƛƴƎΣ ŀǇƘƛŘ ǇƻǇǳƭŀǝƻƴǎ ǘŜƴŘ ǘƻ ƎǊƻǿ ǊŀǇƛŘƭȅ ƛƴ ǘƘŜ ŀōǎŜƴŎŜ ƻŦ ŀƴȅ 

ƴŀǘǳǊŀƭ ŜƴŜƳƛŜǎ ƻǊ ŘƛǎŜŀǎŜ ǘƻ ƭƛƳƛǘ ǘƘŜƛǊ ƎǊƻǿǘƘΦ LŦ ǘƘŜ ǇƻǇǳƭŀǝƻƴ  

ŀǾŜǊŀƎŜǎ ǿŜǊŜ  

ŎƭƻǎŜ ǘƻ ǘƘŜ нлмо π 
нлно  ŀǾŜǊŀƎŜΣ ǘƘƛǎ  
ǿŀǎ ƴƻǘ ǘǊǳŜ ŦƻǊ  
ƛƴŘƛǾƛŘǳŀƭ ǘǊŀǇ  
ƭƻŎŀǝƻƴǎΦ  {ƻƳŜ  

ƘŀŘ ǊŜƭŀǝǾŜƭȅ ƭƛƎƘǘ  
ȅŜŀǊǎΣ ƻǘƘŜǊǎ ƘŀŘ  
ƘŜŀǾƛŜǊ ǾŜŎǘƻǊ  
ǇǊŜǎǎǳǊŜ όŬƎ млύΦ    
±ŜŎǘƻǊ ǇǊŜǎǎǳǊŜ ǿŀǎ  

ƘƛƎƘŜǊ ƛƴ ǘƘŜ ww± ƛƴ  
нлнп  ǘƘŀƴ ƛƴ ŎŜƴǘǊŀƭ  
ab ƻǊ ŎŜƴǘǊŀƭ b5Φ    

LƴŘƛǾƛŘǳŀƭ ǊŜǇƻǊǘǎ  

ŀǊŜ ōŜƛƴƎ ǇǊŜǇŀǊŜŘ  
ŦƻǊ ƛƴŘƛǾƛŘǳŀƭ ǘǊŀǇ  

ƭƻŎŀǝƻƴǎ ŀƴŘ ǿƛƭƭ ōŜ  
ŘƛǎǘǊƛōǳǘŜŘΦ    

  
CƛƎǳǊŜ мл Φ aŀǇ ƻŦ ǘǊŀǇ ƭƻŎŀǝƻƴǎ ƛƴ bƻǊǘƘ 5ŀƪƻǘŀ ŀƴŘ aƛƴƴŜǎƻǘŀΦ ¢ƘŜ ǎƛȊŜ  
ƻŦ ǘƘŜ ǎƘŀŘŜŘ ŎƛǊŎƭŜ ŀǊƻǳƴŘ ǘƘŜ ƭƻŎŀǝƻƴ Ǉƻƛƴǘ ƛƴŘƛŎŀǘŜǎ ǘƘŜ ƭŜǾŜƭ ƻŦ t±¸  
±ŜŎǘƻǊ wƛǎƪ LƴŘŜȄΦ όŀǇƘƛŘŀƭŜǊǘΦōƭƻƎǎǇƻǘΦŎƻƳύ   



мр 
 

 

ǊŜŀŎƘŜǎ ŀ Ǉƻƛƴǘ ǿƘŜǊŜ ǘƘŜȅ ŀǊŜ ŎǊƻǿŘŜŘΣ ǘƘŜȅ ǿƛƭƭ ŘŜǾŜƭƻǇ ŀƴƻǘƘŜǊ ǿƛƴƎŜŘ ƎŜƴŜǊŀǝƻƴ ǿƘƛŎƘ ŘƛǎǇŜǊǎŜǎΣ 

ƭƻƻƪƛƴƎ ŦƻǊ ƴŜǿ Ƙƻǎǘ ǇƭŀƴǘǎΦ   

²ƘŜƴ ŬǊǎǘ ŀǊǊƛǾƛƴƎ ƛƴ ŀ ŬŜƭŘΣ ŀǇƘƛŘǎ ǘŜƴŘ ǘƻ ŬǊǎǘ ŎƻƭƻƴƛȊŜ ǘƘŜ ŬŜƭŘǎ ƻǳǘŜǊ ŜŘƎŜΣ ŜǎǇŜŎƛŀƭƭȅ ŀƭƻƴƎ ŀƴȅ ƻǇŜƴ 

ƘŜŀŘƭŀƴŘ ό/ŀǊǊƻƭƭ Ŝǘ ŀƭΦ нллпΣ нллфύΦ IƻǿŜǾŜǊΣ ƭŀǘŜǊ ƛƴ ǘƘŜ ǎŜŀǎƻƴΣ ŀǇƘƛŘǎ Ƴŀȅ ƅȅ ƛƴǘƻ ŬŜƭŘǎ ŀƴŘ ŎƻƭƻƴƛȊŜ 

ƛƴƴŜǊ ŀǊŜŀǎΦ Cŀǎǘ ƻƴǎŜǘ ƛƴǎŜŎǝŎƛŘŜǎ ǘŀǊƎŜǝƴƎ ŀǇƘƛŘǎ Ŏŀƴ ƻƊŜƴ ŎƻƴǘǊƻƭ ǇƻǇǳƭŀǝƻƴǎ ŜŀǊƭȅΦ  {ƘƻǳƭŘ ǘƘŜ 

ǇƻǇǳƭŀǝƻƴǎ ǊŜŀŎƘ ǾŜǊȅ ƭŀǊƎŜ ƴǳƳōŜǊǎΣ ǘƘŜ ǊŜǎǳƭǝƴƎ ǊŜǇǊƻŘǳŎǝǾŜ ǇƻǘŜƴǝŀƭ Ŏŀƴ ǇƻǘŜƴǝŀƭƭȅ ƻǳǘǇŀŎŜ 

ƛƴǎŜŎǝŎƛŘŜ ŀǇǇƭƛŎŀǝƻƴǎΦ ²ƘŜƴ ŦŀŎŜŘ ǿƛǘƘ ƘƛƎƘ ǇƻǇǳƭŀǝƻƴǎ ŀƴŘ ǘŜƳǇŜǊŀǘǳǊŜǎ ǇǊŜŦŜǊŜƴǝŀƭ ŦƻǊ ŀǇƘƛŘ 

ǇƻǇǳƭŀǝƻƴ ƎǊƻǿǘƘ όƎŜƴŜǊŀƭƭȅ ƘƛƎƘ слΩǎ C ǘƻ ƳƛŘπулǎ Cύ ǎŜƭŜŎǝƴƎ ŀƴ ƛƴǎŜŎǝŎƛŘŜ ǎǇŜŎƛŬŎ ǘƻ ŀǇƘƛŘ ŎƻƴǘǊƻƭ ƛǎ 

ŀ ƎƻƻŘ ƻǇǝƻƴΦ  

  

Literature Cited  

!ƭȅƻƪƘƛƴΣ !ΦΣ нллфΦ /ƻƭƻǊŀŘƻ Ǉƻǘŀǘƻ ōŜŜǘƭŜ ƳŀƴŀƎŜƳŜƴǘ ƻƴ ǇƻǘŀǘƻŜǎΥ ŎǳǊǊŜƴǘ ŎƘŀƭƭŜƴƎŜǎ ŀƴŘ ŦǳǘǳǊŜ 
ǇǊƻǎǇŜŎǘǎΦ CǊǳƛǘΣ ±ŜƎΦ ϧ /ŜǊ {ŎƛΦ ϧ .ƛƻǘŜŎƘΦ оόмύΥмлπмфΦ  

!ƭȅƻƪƘƛƴΣ !ΦΣ DΦ 5ƛǾŜƭȅΣ aΦ tŀǧŜǊǎƻƴΣ /Φ /ŀǎǘŀƭŘƻΣ 5Φ wƻƎŜǊǎΣ aΦ aŀƘƻƴŜȅ Σ ϧ WΦ ²ƻƭƭŀƳΦ нллтΦ wŜǎƛǎǘŀƴŎŜ 

ŀƴŘ ŎǊƻǎǎπǊŜǎƛǎǘŀƴŎŜ ǘƻ ƛƳƛŘŀŎƭƻǇǊƛŘ ŀƴŘ ǘƘƛŀƳŜǘƘƻȄŀƳ ƛƴ ǘƘŜ /ƻƭƻǊŀŘƻ Ǉƻǘŀǘƻ ōŜŜǘƭŜ [ŜǇǝƴƻǘŀǊǎŀ 

ŘŜŎŜƳƭƛƴŜŀǘŀΦ tŜǎǘ aƎƳǘ {ŎƛΦ соόмύΥ онпмΦ  

.ǊŀŘƭŜȅΣ wΦIΦ9ΦΣ мфрпΦ {ǘǳŘƛŜǎ ƻŦ ǘƘŜ ƳŜŎƘŀƴƛǎƳ ƻŦ ǘǊŀƴǎƳƛǎǎƛƻƴ ƻŦ tƻǘŀǘƻ ǾƛǊǳǎ ¸ ōȅ ǘƘŜ ƎǊŜŜƴ ǇŜŀŎƘ 
ŀǇƘƛŘΣ aȅȊǳǎ ǇŜǊǎƛŎŀŜ ό{ǳƭȊΦύόIƻƳƻǇǘŜǊŀΥ !ǇƘƛŘŀŜύΦ /ŀƴ WΦ ½ƻƻƭ онόнύΥспπтоΦ   

/ŀǊǊƻƭƭΣ aΦ ²ΦΣ 9Φ wŀŘŎƭƛũŜΣ LΦ aŀŎwŀŜΣ YΦ hƭǎƻƴΣ 5Φ wŀƎǎŘŀƭŜΦ нллпΦ {ƛǘŜπǎǇŜŎƛŬŎ ƳŀƴŀƎŜƳŜƴǘ ƻŦ ƎǊŜŜƴ 

ǇŜŀŎƘ ŀǇƘƛŘΣ Myzus persicae ό{ǳƭȊŜǊύΣ ƛƴ ǎŜŜŘ ǇƻǘŀǘƻΦ ώ.ƻƻƪ ŎƘŀǇǘŜǊΦ /ƻƴŦŜǊŜƴŎŜ ǇŀǇŜǊΥ tǊƻŎ тǘƘ 

LƴǘŜǊƴŀǘΦ /ƻƴŦΦ ƻƴ tǊŜŎƛǎƛƻƴ !ƎǊƛŎΦ ϧ tǊŜŎƛǎƛƻƴ wŜǎΦ aƎƳǘΦ aƛƴƴŜŀǇƻƭƛǎΣ abΣ ¦{!Σ нрπну WǳƭȅΣ нллпΦ 

мфннπмфнуΦ   

/ŀǊǊƻƭƭΣ aΦ²ΦΣ 9Φ.Φ wŀŘŎƭƛũŜΣ LΦ±Φ aŀŎwŀŜΣ 5Φ²Φ wŀƎǎŘŀƭŜΣ wΦ!Φ {ǳǊŀƴȅƛΣ YΦ5Φ hƭǎƻƴΣ ŀƴŘ ¢Φ .ŀŘƛōŀƴƎŀΦ нллфΦ 

.ƻǊŘŜǊ ǘǊŜŀǘƳŜƴǘ ǘƻ ǊŜŘǳŎŜ ƛƴǎŜŎǝŎƛŘŜ ǳǎŜ ƛƴ ǎŜŜŘ Ǉƻǘŀǘƻ ǇǊƻŘǳŎǝƻƴΥ ōƛƻƭƻƎƛŎŀƭΣ ŜŎƻƴƻƳƛŎΣ ŀƴŘ 

ƳŀƴŀƎŜǊƛŀƭ ŀƴŀƭȅǎƛǎΦ !ƳŜǊƛŎŀƴ WƻǳǊƴŀƭ ƻŦ tƻǘŀǘƻ wŜǎŜŀǊŎƘ усΥ омςотΦ  

5ŀǾƛǎΣ WΦ!ΦΣ ŀƴŘ 9Φ.Φ wŀŘŎƭƛũŜΦ нллуΦ ¢ƘŜ ƛƳǇƻǊǘŀƴŎŜ ƻŦ ŀƴ ƛƴǾŀǎƛǾŜ ŀǇƘƛŘ ǎǇŜŎƛŜǎ ƛƴ ǾŜŎǘƻǊƛƴƎ ŀ 

ǇŜǊǎƛǎǘŜƴǘƭȅ ǘǊŀƴǎƳƛǧŜŘ Ǉƻǘŀǘƻ ǾƛǊǳǎΥ Aphis glycines aŀǘǎǳƳǳǊŀ ƛǎ ŀ ǾŜŎǘƻǊ ƻŦ t[w±Φ tƭŀƴǘ 5ƛǎŜŀǎŜ 

фнΥ мрмрςмрноΦ  

  
CƛƎǳǊŜ ммΦ  5ǊƻƴŜ ƛƳŀƎŜǊȅ ƻŦ ΨŀǇƘƛŘ ƘƻƭŜǎΩ ƛƴ  ŬŜƭŘǎΦ όtƘƻǘƻ ŎƻǳǊǘŜǎȅ ƻŦ !ƴŘǊŜǿ wƻōƛƴǎƻƴΣ нлнпύ   



мс 
 

5ƛCƻƴȊƻΣ /Φ 5ΦΣ 5Φ ²Φ wŀƎǎŘŀƭŜΣ 9Φ .Φ wŀŘŎƭƛũŜΣ bΦ /Φ DǳŘƳŜǎǘŀŘ ϧ DΦ !Φ {ŜŎƻǊΦ мффтΦ {Ŝŀǎƻƴŀƭ ŀōǳƴŘŀƴŎŜ 

ƻŦ ŀǇƘƛŘ ǾŜŎǘƻǊǎ ƻŦ Ǉƻǘŀǘƻ ǾƛǊǳǎ ¸ ƛƴ ǘƘŜ wŜŘ wƛǾŜǊ ±ŀƭƭŜȅ ƻŦ aƛƴƴŜǎƻǘŀ ŀƴŘ bƻǊǘƘ 5ŀƪƻǘŀΦ WΦ 9ŎƻƴΦ 

9ƴǘƻƳƻƭΦ фл όоύΥ унпπуомΦ  

IǳǎŜǘƘΣ !Φ{Φ ϧ wΦ[ DǊƻǾŜǎΦ нлмлΦ tǊƻǘǊŀŎǘŜŘ ŜƳŜǊƎŜƴŎŜ ƻŦ ǘƘŜ /ƻƭƻǊŀŘƻ Ǉƻǘŀǘƻ ōŜŜǘƭŜ ό[ŜǇǝƴƻǘŀǊǎŀ 

ŘŜŎŜƳƭƛƴŜŀǘŀύ ŀƴŘ ǘƘŜ ǊŜƭŀǝƻƴǎƘƛǇ ǘƻ ƴŜƻƴƛŎƻǝƴƻƛŘ ǊŜǎƛǎǘŀƴŎŜΦ  

/ƻƴŦŜǊŜƴŎŜ tŀǇŜǊΥ 9ƴǘƻƳƻƭ {ƻŎ !ƳŜǊ !ƴƴ aŜŜǘ нлмлΦ  

IǳǎŜǘƘΣ !Φ{ΦΣ wΦ[Φ DǊƻǾŜǎΣ {Φ!Φ /ƘŀǇƳŀƴΣ !Φ !ƭȅƻƪƘƛƴΣ ¢ΦtΦ YǳƘŀǊΣ LΦ±Φ aŀŎwŀŜΣ ½Φ {ȊŜƴŘǊŜƛΣ ϧ .Φ!Φ bŀǳƭǘΦ 
нлмпΦ aŀƴŀƎƛƴƎ /ƻƭƻǊŀŘƻ Ǉƻǘŀǘƻ ōŜŜǘƭŜ ƛƴǎŜŎǝŎƛŘŜ ǊŜǎƛǎǘŀƴŎŜΥ ƴŜǿ ǘƻƻƭǎ ŀƴŘ ǎǘǊŀǘŜƎƛŜǎ ŦƻǊ ǘƘŜ ƴŜȄǘ 
ŘŜŎŀŘŜ ƻŦ ǇŜǎǘ ŎƻƴǘǊƻƭ ƛƴ ǇƻǘŀǘƻΦ WΦ ƻŦ LƴǘŜƎǊ tŜǎǘ aƎƳǘ рόпύΣ ǇǇΦ!мπ!уΦ  

aŀŎwŀŜΣ LΦ±Φ нлмфΦ aŀƴŀƎŜƳŜƴǘ ƻŦ /ƻƭƻǊŀŘƻ tƻǘŀǘƻ .ŜŜǘƭŜ ƛƴ aƛƴƴŜǎƻǘŀ ŀƴŘ bƻǊǘƘ 5ŀƪƻǘŀΦ  aƛƴƴŜǎƻǘŀ 
!ǊŜŀ LL ϧ bttD! DǊƻǿŜǊǎ !ǎǎƻŎǎΦ нлмф wŜǎŜŀǊŎƘ wŜǇƻǊǘǎΦ нлмфΥ отπпмΦ  

aŀŎwŀŜΣ LΦ±Φ нлнлΦ aŀƴŀƎŜƳŜƴǘ ƻŦ /ƻƭƻǊŀŘƻ Ǉƻǘŀǘƻ ōŜŜǘƭŜ нлнлΦ aƛƴƴŜǎƻǘŀ !ǊŜŀ LL ϧ bttD! DǊƻǿŜǊǎ 
!ǎǎƻŎǎΦ wŜǎŜŀǊŎƘ wŜǇƻǊǘǎ нлнлΦ  

aŀŎwŀŜΣ LΦ±Φ нлноΦ tƻǘŀǘƻ LƴǎŜŎǘ aŀƴŀƎŜƳŜƴǘΦ  aƛƴƴŜǎƻǘŀ !ǊŜŀ LL ϧ bttD! DǊƻǿŜǊǎ !ǎǎƻŎǎΦ wŜǎŜŀǊŎƘ 
wŜǇƻǊǘǎ нлноΦ  

hƭǎƻƴΣ YΦΣ ¢Φ .ŀŘƛōŀƴƎŀΣ 9Φ wŀŘŎƭƛũŜΣ aΦ /ŀǊǊƻƭƭΣ LΦ aŀŎwŀŜΣ 5Φ wŀƎǎŘŀƭŜΦ нллпΦ 9ŎƻƴƻƳƛŎ ŀƴŀƭȅǎƛǎ ƻŦ ǳǎƛƴƎ 

ŀ ōƻǊŘŜǊ ǘǊŜŀǘƳŜƴǘ ŦƻǊ ǊŜŘǳŎƛƴƎ ƻǊƎŀƴƻǇƘƻǎǇƘŀǘŜ ǳǎŜ ƛƴ ǎŜŜŘ Ǉƻǘŀǘƻ ǇǊƻŘǳŎǝƻƴΦ ώ.ǳƭƭΦϐ {ǘŀũ tŀǇŜǊ 

{ŜǊƛŜǎ ς 5ŜǇǘΦ !ǇǇƭΦ 9ŎƻƴΦΣ ¦ƴƛǾΦ ƻŦ aƛƴƴŜǎƻǘŀΣ {ǘ tŀǳƭΣ abΦ tлпπуΣ моΦ  

wŀƎǎŘŀƭŜΣ 5Φ²ΦΣ 5ΦWΦ ±ƻŜƎǘƭƛƴΣ wΦWΦ hΩbŜƛƭΦ нллпΦ {ƻȅōŜŀƴ ŀǇƘƛŘ ōƛƻƭƻƎȅ ƛƴ bƻǊǘƘ !ƳŜǊƛŎŀΦ !ƴƴΦ 9ƴǘƻƳƻƭΦ 

{ƻŎΦ !ƳΦ фтόнύΥ нлпπнлуΦ  

{ƛƴƎƘΣ aΦ нлмфΦ LƴǘŜƎǊŀǘŜŘ ƳƛƴŜǊŀƭ ƻƛƭ ŀƴŘ ƛƴǎŜŎǝŎƛŘŜ ǎǇǊŀȅƛƴƎ ǊŜŘǳŎŜǎ ŎǳǊǊŜƴǘ ǎŜŀǎƻƴ t±¸ ǎǇǊŜŀŘΦ  

tǊŜǎŜƴǘŜŘ ŀǘΥ tƻǘŀǘƻ 9ȄǇƻ !ǳǎǝƴ ¢·Φ Wŀƴ фπммΣ нлмфΦ  

{ǳǊŀƴȅƛΣ wΦ!ΦΣ 9Φ.Φ wŀŘŎƭƛũŜΣ 5Φ²Φ wŀƎǎŘŀƭŜΣ LΦ±Φ aŀŎwŀŜΣ ϧ .Φ9Φ [Φ [ƻŎƪƘŀǊǘΦ нллпΣ !ǇƘƛŘ !ƭŜǊǘΥ ! 

ǊŜǎŜŀǊŎƘκƻǳǘǊŜŀŎƘ ƛƴƛǝŀǝǾŜ ŀŘŘǊŜǎǎƛƴƎ Ǉƻǘŀǘƻ ǾƛǊǳǎ ǇǊƻōƭŜƳǎ ƛƴ ǘƘŜ ƴƻǊǘƘŜǊƴ aƛŘǿŜǎǘΦ LƴΥ 9Φ.Φ 

wŀŘŎƭƛũŜ ώŜŘΦϐ Radcliffeôs IPM World TextbookΦ  

ƘǧǇΥκκƛǇƳǿƻǊƭŘΦǳƳƴΦŜŘǳκŎƘŀǇǘŜǊǎκŀǇƘƛŘŀƭŜǊǘΦƘǘƳ  [ŀǎǘ ŀŎŎŜǎǎŜŘ Wŀƴ нпΣ нлмнΦ  

²ŜƛǎȊΣ wΦΣ aΦ {ŀǳƴŘŜǊǎΣ ½Φ {ƳƛƭƻǿƛǘȊΣ IŀƴǿŜƴ IǳŀƴƎΣ ϧ .Φ /ƘǊƛǎǘΦ мффпΦ YƴƻǿƭŜŘƎŜōŀǎŜŘ ǊŜŀǎƻƴƛƴƎ ƛƴ 

ƛƴǘŜƎǊŀǘŜŘ ǊŜǎƛǎǘŀƴŎŜ ƳŀƴŀƎŜƳŜƴǘΥ ǘƘŜ /ƻƭƻǊŀŘƻ Ǉƻǘŀǘƻ ōŜŜǘƭŜ ό/ƻƭŜƻǇǘŜǊŀΥ /ƘǊȅǎƻƳŜƭƛŘŀŜύΦ WΦ 

9ŎƻƴΦ 9ƴǘƻƳƻƭΦ утόсύΥ моупπмоффΦ  

²Ƙŀƭƻƴ a9Σ 5 aƻǘŀπ{ŀƴŎƘŜȊ ŀƴŘ wa IƻƭƭƛƴƎǿƻǊǘƘΦ нллуΦ ¢ƘŜ a{¦ !ǊǘƘǊƻǇƻŘ ǇŜǎǝŎƛŘŜ ǊŜǎƛǎǘŀƴŎŜ 
ŘŀǘŀōŀǎŜΦ !ǾŀƛƭŀōƭŜ ƻƴƭƛƴŜΥ ƘǧǇΥκκǿǿǿΦǇŜǎǝŎƛŘŜǊŜǎƛǎǘŀƴŎŜΦƻǊƎ  
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Proposal Title: 5ŜǾŜƭƻǇƛƴƎ 5ŀƪƻǘŀ wǳǎǎŜǘ LǊǊƛƎŀǝƻƴ ŀƴŘ 5ƛǎŜŀǎŜ aŀƴŀƎŜƳŜƴǘ DǳƛŘŜƭƛƴŜǎ  

Principle Investigators: aŜƎŀƴ aŎ/ŀƎƘŜȅΣ !ǎǎƛǎǘŀƴǘ tǊƻŦŜǎǎƻǊΣ 5ŜǇŀǊǘƳŜƴǘ ƻŦ tƭŀƴǘ  

tŀǘƘƻƭƻƎȅΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ aƛƴƴŜǎƻǘŀΣ ¢ǿƛƴ /ƛǝŜǎΦ ƳƳŎŎŀƎƘŜϪǳƳƴΦŜŘǳ   

±ŀǎǳŘƘŀ {ƘŀǊƳŀΣ !ǎǎƛǎǘŀƴǘ 9ȄǘŜƴǎƛƻƴ tǊƻŦŜǎǎƻǊΣ 5ŜǇŀǊǘƳŜƴǘ ƻŦ {ƻƛƭΣ ²ŀǘŜǊΣ ŀƴŘ /ƭƛƳŀǘŜΣ  

aƛƴƴŜǎƻǘŀΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ aƛƴƴŜǎƻǘŀΣ ¢ǿƛƴ /ƛǝŜǎΦ ǾŀǎǳŘƘŀϪǳƳƴΦŜŘǳ   

Collaborators: WŀǎǇŜǊ ¢ŀƻΣ DǊŀŘǳŀǘŜ {ǘǳŘŜƴǘΣ 5ŜǇŀǊǘƳŜƴǘ ƻŦ tƭŀƴǘ tŀǘƘƻƭƻƎȅΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ aƛƴƴŜǎƻǘŀΣ 

¢ǿƛƴ /ƛǝŜǎ  

  

Executive Summary: ¢Ƙƛǎ ǇǊƻƧŜŎǘ ƛƴǘŜƎǊŀǘŜŘ ǎƻƛƭ ƳƻƛǎǘǳǊŜ ƳƻƴƛǘƻǊƛƴƎ ǿƛǘƘ ȅƛŜƭŘ ŀƴŘ ŘƛǎŜŀǎŜ 

ŜǾŀƭǳŀǝƻƴǎ ǘƻ ŀǎǎŜǎǎ Ƙƻǿ ŘƛũŜǊŜƴǘ ƛǊǊƛƎŀǝƻƴ ǊŜƎƛƳŜǎ ŀũŜŎǘ 5ŀƪƻǘŀ wǳǎǎŜǘ ǿŀǘŜǊ ōǳŘƎŜǘǎΣ ȅƛŜƭŘǎΣ ŀƴŘ 

ǎƻƛƭōƻǊƴŜ ŘƛǎŜŀǎŜǎΦ ! нлнп ŬŜƭŘ ǎǘǳŘȅ ŀǘ ǘƘŜ {ŀƴŘ tƭŀƛƴǎ wŜǎŜŀǊŎƘ CŀǊƳ ƛƴ .ŜŎƪŜǊΣ ab ǘŜǎǘŜŘ ǘƘǊŜŜ 

ƛǊǊƛƎŀǝƻƴ ǘǊŜŀǘƳŜƴǘǎ όLмΥ млл҈Σ LнΥ ул҈Σ LоΥ сл҈ ƻŦ ŎƻƴǾŜƴǝƻƴŀƭ ǊŀǘŜǎύ ǳǎƛƴƎ ǾŀǊƛŀōƭŜ ǊŀǘŜ ƛǊǊƛƎŀǝƻƴΦ 

tǊŜǾŀƭŜƴŎŜ ƻŦ ŎƻǎƳŜǝŎ ǎƻƛƭōƻǊƴŜ ŘƛǎŜŀǎŜǎ όŎƻƳƳƻƴ ǎŎŀōΣ ōƭŀŎƪ ŘƻǘΣ ǎƛƭǾŜǊ ǎŎǳǊŦΣ ǎƻƊ Ǌƻǘǎύ ŀƴŘ ŀōƛƻǝŎ 

ŘƛǎƻǊŘŜǊǎ όƘƻƭƭƻǿ ƘŜŀǊǘ ŀƴŘ ƎǊŜŜƴƛƴƎύ ǿŜǊŜ ǊŜŎƻǊŘŜŘ ŦǊƻƳ ŀ ǎǳōǇƭƻǘ ǿƘƛƭŜ ȅƛŜƭŘ ǿŀǎ ŀǎǎŜǎǎŜŘ ǘƘǊƻǳƎƘ 

ƳŜŎƘŀƴƛŎŀƭ ƘŀǊǾŜǎǝƴƎ ŀƴŘ ǎƻǊǝƴƎΦ 5ƛǎŜŀǎŜ ƛƴŎƛŘŜƴŎŜ ŜǾŀƭǳŀǝƻƴǎ ǊŜǾŜŀƭŜŘ ŎƻƳƳƻƴ ǎŎŀō ǿŀǎ ǘƘŜ Ƴƻǎǘ 

ǇǊŜǾŀƭŜƴǘ ŘƛǎŜŀǎŜΣ ǇŀǊǝŎǳƭŀǊƭȅ ǳƴŘŜǊ ƭƻǿ ƛǊǊƛƎŀǝƻƴ ŎƻƴŘƛǝƻƴǎΣ ǿƘƛƭŜ ƻǘƘŜǊ ŘƛǎŜŀǎŜǎ ǿŜǊŜ ƴƻǘŜŘ ōǳǘ ƘŀŘ 

ƳƛƴƛƳŀƭ ƻŎŎǳǊǊŜƴŎŜΦ  Iƻƭƭƻǿ ƘŜŀǊǘΣ ŀƴ ŀōƛƻǝŎ ŘƛǎƻǊŘŜǊΣ ƻŎŎǳǊǊŜŘ ǘƘŜ Ƴƻǎǘ ǳƴŘŜǊ Lм ŀƴŘ ǘƘŜ ƭŜŀǎǘ ǳƴŘŜǊ 

LоΦ LǊǊƛƎŀǝƻƴ ǘǊŜŀǘƳŜƴǘǎ ƛƴƅǳŜƴŎŜŘ ǘǳōŜǊ ǿŜƛƎƘǘǎΣ ǿƛǘƘ ƘƛƎƘŜǊ ƛǊǊƛƎŀǝƻƴ ǊŀǘŜǎ ƛƴŎǊŜŀǎƛƴƎ ƘŜŀƭǘƘȅ ǘǳōŜǊ 

ǿŜƛƎƘǘǎ ŀƴŘ ǊŜŘǳŎƛƴƎ ŘƛǎŜŀǎŜŘ ǘǳōŜǊ ǿŜƛƎƘǘǎΦ ¸ƛŜƭŘ ŀƴŀƭȅǎƛǎ ōȅ ǎƛȊŜ ǎƘƻǿŜŘ ǘǊŜŀǘƳŜƴǘ Lм ǇǊƻŘǳŎŜŘ ǘƘŜ 

Ƴƻǎǘ ǘǳōŜǊǎ ōŜƭƻǿ п ƻȊΣ ǿƘŜǊŜŀǎ ǘǊŜŀǘƳŜƴǘǎ Lн ŀƴŘ Lо ƘŀŘ ƘƛƎƘŜǊ ȅƛŜƭŘǎ ƻŦ ǇǊŜŦŜǊǊŜŘ ƳŀǊƪŜǘŀōƭŜ ǘǳōŜǊǎΣ 

ǿƛǘƘ Lн ǎƭƛƎƘǘƭȅ ƻǳǘǇŜǊŦƻǊƳƛƴƎ LоΦ ¢ƘŜ ǎŜŀǎƻƴΩǎ ŀōƻǾŜπŀǾŜǊŀƎŜ ǊŀƛƴŦŀƭƭ όнмΦсс ƛƴŎƘŜǎύ ƭƛƪŜƭȅ ƛƳǇŀŎǘŜŘ 

ǊŜǎǳƭǘǎ ōȅ ǊŜŘǳŎƛƴƎ ŘŜŬŎƛǘ ǿŀǘŜǊ ǎǘǊŜǎǎΦ CǳǘǳǊŜ ǊŜǎŜŀǊŎƘ ǳƴŘŜǊ ǘȅǇƛŎŀƭ ǿŜŀǘƘŜǊ ŎƻƴŘƛǝƻƴǎ ƛǎ ƴŜŜŘŜŘ ǘƻ 

ǾŀƭƛŘŀǘŜ ǘƘŜǎŜ ŬƴŘƛƴƎǎ ŀƴŘ ǊŜŬƴŜ ƛǊǊƛƎŀǝƻƴ ǎǘǊŀǘŜƎƛŜǎΦ  

  

Rationale: ²ŀǘŜǊ ƛǎ ŀƴ ŜǎǎŜƴǝŀƭ ŎƻƳǇƻƴŜƴǘ ƻŦ ŎǊƻǇ ƎǊƻǿǘƘΦ ²ŀǘŜǊ ƭŜǾŜƭǎ ōŜƭƻǿ ŎǊƻǇ ƴŜŜŘǎ Ƴŀȅ 

ƴŜƎŀǝǾŜƭȅ ƛƳǇŀŎǘ ȅƛŜƭŘǎ ŀƴŘ ƛƴŘǳŎŜ ǘǳōŜǊ ƳŀƭŦƻǊƳŀǝƻƴǎΣ ǿƘƛƭŜ ǿŀǘŜǊ ƭƻƎƎƛƴƎ Ƴŀȅ ŎŀǳǎŜ ǎŜǾŜǊŀƭ ŘƛǎŜŀǎŜ 

ǇǊƻōƭŜƳǎ ŀƴŘ ƭŜŀŎƘ ŦŜǊǝƭƛȊŜǊ ŀƴŘ ƻǘƘŜǊ ŀǇǇƭƛŜŘ ŎƘŜƳƛŎŀƭǎ ƻǳǘ ƻŦ ǘƘŜ ǊƻƻǝƴƎ ȊƻƴŜΦ Lƴ Ƴƻǎǘ ŎŀǎŜǎΣ ƘƛƎƘ ǎƻƛƭ 

ƳƻƛǎǘǳǊŜ ŀƴŘ ƘǳƳƛŘƛǘȅ ŦŀǾƻǊǎ ŘƛǎŜŀǎŜ ŘŜǾŜƭƻǇƳŜƴǘΦ LǊǊƛƎŀǝƻƴ ǊŜǎǳƭǘǎ ƛƴ ŀ ǊŜŘǳŎŜŘ ŎŀƴƻǇȅ ǘŜƳǇŜǊŀǘǳǊŜ 

ǿƘƛƭŜ ƛƴŎǊŜŀǎƛƴƎ ǊŜƭŀǝǾŜ ƘǳƳƛŘƛǘȅΣ ǎƻƛƭ ƳƻƛǎǘǳǊŜΣ ŀƴŘ ǘƘŜ ǇŜǊƛƻŘ ƻŦ ƭŜŀŦ ǿŜǘƴŜǎǎΦ tƻǘŀǘƻŜǎ ŀǊŜ ƎǊƻǿƴ ƻƴ 

ŀōƻǳǘ поΣллл ŀŎǊŜǎ ƛƴ aƛƴƴŜǎƻǘŀΣ Ƴƻǎǘ ƻŦ ǿƘƛŎƘ ŀǊŜ ƛǊǊƛƎŀǘŜŘΦ LǊǊƛƎŀǝƻƴ Ƙŀǎ ƛƴŎǊŜŀǎŜŘ ƛƴ ǘƘŜ Ǉŀǎǘ ŦŜǿ 

ȅŜŀǊǎ ƛƴ ǘƘŜ ŎƻƴǘŜȄǘ ƻŦ ŀ ǎƘƛƊƛƴƎ ŎƭƛƳŀǘŜΦ /ƭƛƳŀǘŜ ǇǊƻƧŜŎǝƻƴǎ ƛƴŘƛŎŀǘŜ ƛƴŎǊŜŀǎŜŘ ŦǊŜǉǳŜƴŎƛŜǎ ƻŦ ƘŜŀǘ 

ǿŀǾŜǎ ŀƴŘ ŘŜŎǊŜŀǎŜŘ ǎǳƳƳŜǊ ǊŀƛƴŦŀƭƭ ƛƴ ƳǳŎƘ ƻŦ ǘƘŜ ǎǘŀǘŜΣ ƅŀƴƪŜŘ ōȅ ǿŜǧŜǊ ǎǇǊƛƴƎ ǎŜŀǎƻƴǎ ŀƴŘ 

ǎǇƻǊŀŘƛŎΣ ƛƴǘŜƴǎƛǾŜ ǊŀƛƴŦŀƭƭ ŜǾŜƴǘǎ όŎŎǊΦƴŜƭǎƻƴΦǿƛǎŎΦŜŘǳύΦ ²ƘƛƭŜ ƛǊǊƛƎŀǝƻƴ Ŏŀƴ ōǳũŜǊ ŎǊƻǇ ǎǘǊŜǎǎΣ ƛǊǊƛƎŀǘŜŘ 

ǎȅǎǘŜƳǎ ŀǊŜ ŀǘ ŀƴ ƛƴŎǊŜŀǎŜŘ Ǌƛǎƪ ŦƻǊ ŘƛǎŜŀǎŜǎ ŎŀǳǎŜŘ ōȅ ǎƻƳŜ ǎƻƛƭōƻǊƴŜ ǇŀǘƘƻƎŜƴǎΦ ¢Ƙƛǎ ǇǊƻƧŜŎǘ ŀƛƳǎ ǘƻ 

ǇǊƻǾƛŘŜ ƛƴŦƻǊƳŀǝƻƴ ƻƴ 5ŀƪƻǘŀ wǳǎǎŜǧ ȅƛŜƭŘǎ ŀƴŘ ŘƛǎŜŀǎŜ ǳƴŘŜǊ ƛǊǊƛƎŀǝƻƴΦ   

{ƻƛƭōƻǊƴŜ ŘƛǎŜŀǎŜǎ ƭƛƳƛǘ Ǉƻǘŀǘƻ ǇǊƻŘǳŎǝƻƴΦ 9ȄŎŜǎǎƛǾŜ ǎƻƛƭ ƳƻƛǎǘǳǊŜ ŀǘ ŎǊƛǝŎŀƭ Ǉƻƛƴǘǎ Ŏŀƴ ŘǊƛǾŜ 

ŦƻƭƛŀǊΣ ǎǘŜƳΣ ǾƛƴŜΣ ƻǊ ǘǳōŜǊ ƛƴŦŜŎǝƻƴǎ ŀƴŘ ǇǊƻƳƻǘŜ ǇŀǘƘƻƎŜƴ ŘŜǾŜƭƻǇƳŜƴǘΣ ǊŜǇǊƻŘǳŎǝƻƴΣ ŘƛǎǇŜǊǎŀƭΣ ŀƴŘ 

ǎǳǊǾƛǾŀƭ ƻŦ ǎƻƛƭōƻǊƴŜ ŦǳƴƎƛΦ {ƻƛƭōƻǊƴŜ ŦǳƴƎŀƭ ǇŀǘƘƻƎŜƴǎ Ƴŀȅ ŀƭǎƻ ƘŀǾŜ ŀ ǎȅƴŜǊƎƛǎǝŎ ǊŜƭŀǝƻƴǎƘƛǇ ǿƛǘƘ ǘƘŜ 



му 
 

ǎƻƊπǊƻǘ ōŀŎǘŜǊƛŀΣ Pectobaterium carotovorumΦ !ŘŘƛǝƻƴŀƭƭȅΣ ǿŀǘŜǊ ǎǘǊŜǎǎŜŘ Ǉƭŀƴǘǎ ƛƴ ǳƴŘŜǊπƛǊǊƛƎŀǘŜŘ 

ǎȅǎǘŜƳǎ Ƴŀȅ ōŜ ǎǳǎŎŜǇǝōƭŜ ǘƻ ŘƛǎŜŀǎŜ ŀƴŘ ȅƛŜƭŘǎ Ŏŀƴ ōŜ ǊŜŘǳŎŜŘ ό.ƻƎǳǎȊŜǿǎƪŀπaŀƴƪƻǿǎƪŀ Ŝǘ ŀƭΦ нлннύΦ 

aƻǊŜ ǿƻǊƪ ƛǎ ƴŜŜŘŜŘ ǘƻ ǳƴŘŜǊǎǘŀƴŘ ǘƘŜ ƛƳǇŀŎǘ ƻŦ ƛǊǊƛƎŀǝƻƴ ƻƴ ǘǳōŜǊ ŘƛǎŜŀǎŜǎ ƛƴ 5ŀƪƻǘŀ wǳǎǎŜǧΣ ŀ 

ǊŜƎƛƻƴŀƭ ǾŀǊƛŜǘȅ ƻŦ ƛƴǘŜǊŜǎǘΦ Lƴ ǘƘƛǎ ǇǊƻƧŜŎǘΣ  

ǎƻƛƭ ǿŀǘŜǊ ƳƻƴƛǘƻǊƛƴƎ ǇŀƛǊŜŘ ǿƛǘƘ ȅƛŜƭŘ ŀƴŘ ŘƛǎŜŀǎŜ ŀǎǎŜǎǎƳŜƴǘǎ ǿƛƭƭ ŀƭƭƻǿ ǳǎ ǘƻ ƛƴŦƻǊƳ ƛǊǊƛƎŀǘŜŘ 

ǇǊƻŘǳŎǝƻƴ ƻŦ 5ŀƪƻǘŀ wǳǎǎŜǧΦ   

                                                              

Procedures:   

Study site and field plan: CƛŜƭŘ ŜȄǇŜǊƛƳŜƴǘǎ ǿŜǊŜ ŎƻƴŘǳŎǘŜŘ ŀǘ ǘƘŜ {ŀƴŘ tƭŀƛƴ wŜǎŜŀǊŎƘ CŀǊƳ ό{twCύ ƛƴ 

.ŜŎƪŜǊ abΦ ¢ƘŜ {twC ǊŜǎŜŀǊŎƘ ǎƛǘŜ Ƙŀǎ ŀƴ ŀŘǾŀƴŎŜŘ ƘȅŘǊŀǳƭƛŎ ŀƴŘ ǾŀǊƛŀōƭŜ ǊŀǘŜ ƛǊǊƛƎŀǝƻƴ ǎǇǊƛƴƪƭŜǊ 

ǎȅǎǘŜƳΦ ¢ƘŜ ŀǇǇƭƛŜŘ ƛǊǊƛƎŀǝƻƴ ǘǊŜŀǘƳŜƴǘǎ ǿŜǊŜΥ Lмύ млл҈ ƻŦ Ŧǳƭƭ ƛǊǊƛƎŀǝƻƴΣ Lнύ ул҈ ƻŦ Ŧǳƭƭ ƛǊǊƛƎŀǝƻƴΣ ŀƴŘ 

Lоύ сл҈ ƻŦ Ŧǳƭƭ ƛǊǊƛƎŀǝƻƴ ǘƻ ǎƛƳǳƭŀǘŜ ŀ ǿŀǘŜǊπǎǘǊŜǎǎŜŘ ŎǊƻǇ ƻǊ ŘǊƻǳƎƘǘ ŎƻƴŘƛǝƻƴǎΦ ¢ƘŜ 5ŀƪƻǘŀ wǳǎǎŜǘ 

ǾŀǊƛŜǘȅ ǿŀǎ ƎǊƻǿƴ ƛƴ Ǉƭƻǘǎ ǘƘŀǘ ǿŜǊŜ нл Ɗ ƭƻƴƎ ŀƴŘ мл Ɗ ǿƛŘŜΣ ǿƛǘƘ ōǳũŜǊ Ǌƻǿǎ ōŜǘǿŜŜƴ ǘƘŜ Ǉƭƻǘǎ ǘƻ 

ŀƭƭƻǿ ŦƻǊ ƛǊǊƛƎŀǝƻƴ ŀǇǇƭƛŎŀǝƻƴ ǿƛǘƘƻǳǘ ŀƴȅ ƻǾŜǊƭŀǇΦ ¢ǊŜŀǘƳŜƴǘǎ ǿŜǊŜ ƻǊƎŀƴƛȊŜŘ ƛƴ ŀ ǊŀƴŘƻƳƛȊŜŘ 

ŎƻƳǇƭŜǘŜ ōƭƻŎƪ ŘŜǎƛƎƴ ŀƴŘ ŜŀŎƘ ǘǊŜŀǘƳŜƴǘ ǿŀǎ ǊŜǇƭƛŎŀǘŜŘ ŦƻǳǊ ǝƳŜǎΦ LǊǊƛƎŀǝƻƴ ǘǊŜŀǘƳŜƴǘǎ ǿŜǊŜ 

ƛƳǇƭŜƳŜƴǘŜŘ о ǿŜŜƪǎ ŀƊŜǊ ǇƭŀƴǝƴƎ ǘƻ ŀƭƭƻǿ ǘƘŜ ŎǊƻǇ ǘƻ ŜǎǘŀōƭƛǎƘΦ   

  

Irrigation and Soil Moisture Monitoring: ¢ƘŜ ǿŀǘŜǊ ōŀƭŀƴŎŜ ƳŜǘƘƻŘ ǿŀǎ ǳǎŜŘ ǘƻ ƛƴǾŜǎǝƎŀǘŜ ǘƘŜ ƛƳǇŀŎǘ 

ƻŦ ƛǊǊƛƎŀǝƻƴ ǊŀǘŜ ƻƴ ŎǊƻǇ ǎǘǊŜǎǎ ŀƴŘ ǿŀǘŜǊ ǳǎŜΦ ¸ƛŜƭŘ ƳŜŀǎǳǊŜƳŜƴǘǎ ǿŜǊŜ ǘŀƪŜƴ ŀǘ ǘƘŜ ŜƴŘ ƻŦ ǘƘŜ ǎŜŀǎƻƴ 

ŀƴŘ ŎǊƻǇ ǿŀǘŜǊ ǳǎŜ ŜŶŎƛŜƴŎȅ ό/²¦9ύ ǿŀǎ ŎŀƭŎǳƭŀǘŜŘ ŦƻǊ ŜŀŎƘ ǘǊŜŀǘƳŜƴǘΦ   

  

Disease Incidence: ¢ƻ ŀǎǎŜǎǎ ǘƘŜ ƛƳǇŀŎǘ ƻŦ ǾŀǊƛŜŘ ƛǊǊƛƎŀǝƻƴ ƻƴ ŘƛǎŜŀǎŜ ŘŜǾŜƭƻǇƳŜƴǘΣ ƛƴŎƛŘŜƴŎŜ ƻŦ 

ŎƻǎƳŜǝŎ ŘƛǎŜŀǎŜǎ ƻŦ ǇƻǘŀǘƻŜǎ όŎƻƳƳƻƴ ǎŎŀōΣ ǎƛƭǾŜǊ ǎŎǳǊŦΣ ŀƴŘ ōƭŀŎƪ ǎŎǳǊŦύ ŀƴŘ ǘǳōŜǊ Ǌƻǘǎ ǿŜǊŜ ǘŀƪŜƴ 

ŦǊƻƳ млΩ ǎǳōǇƭƻǘǎ ŀǘ ƘŀǊǾŜǎǘ ό{ŜǇǘŜƳōŜǊ мфύΦ {ŀƳǇƭŜǎ ƻŦ ŘƛǎŜŀǎŜŘ ǇƻǘŀǘƻŜǎ ǿŜǊŜ ŎƻƭƭŜŎǘŜŘ ŦƻǊ 

ŘƻǿƴǎǘǊŜŀƳ ŘƛŀƎƴƻǎǝŎǎ ǘƻ ŎƻƴŬǊƳ ǘƘŜƛǊ Ŏŀǳǎŀƭ ŀƎŜƴǘǎΦ 5ƛǎŜŀǎŜŘ ǘǳōŜǊǎ ŀƴŘ ƘŜŀƭǘƘȅ ǘǳōŜǊǎ ǿŜǊŜ 

ǿŜƛƎƘŜŘ ǘƻ ŜǾŀƭǳŀǘŜ ǘƘŜ ŎƻƴǘǊƛōǳǝƻƴ ƻŦ ŘƛǎŜŀǎŜ ǘƻ ȅƛŜƭŘ ƭƻǎǎŜǎ ǿƛǘƘ ŘƛũŜǊŜƴǘ ƛǊǊƛƎŀǝƻƴ ǊŀǘŜǎΦ   

  

Yield, Grading, and Quality assessments: ¢ǳōŜǊǎ ǿŜǊŜ ƳŜŎƘŀƴƛŎŀƭƭȅ ƘŀǊǾŜǎǘŜŘ ƻƴ {ŜǇǘŜƳōŜǊ  

нлΣ нлнп ŀƴŘ ǿŜǊŜ ǎƻǊǘŜŘ ƛƴǘƻ ǎƛȊŜ ŎƭŀǎǎŜǎ ōŀǎŜŘ ƻƴ ǘƘŜƛǊ ǿŜƛƎƘǘ ƛƴ ƻǳƴŎŜǎΦ ¢ƘŜ ǘƻǘŀƭ ǿŜƛƎƘǘ ƻŦ DǊŀŘŜ ! 

ŀƴŘ DǊŀŘŜ . ǘǳōŜǊǎ ǿŜǊŜ ǊŜŎƻǊŘŜŘ ŦƻǊ ŜŀŎƘ ǇƭƻǘΦ aƛǎǎƘŀǇŜƴ ŀƴŘ ƻǾŜǊƭȅ ǎƳŀƭƭ ǇƻǘŀǘƻŜǎ ǿŜǊŜ ǿŜƛƎƘŜŘ ŀǎ 

άŎǳƭƭ ǇƻǘŀǘƻŜǎέ ŦǊƻƳ млΩ ǎǳōǇƭƻǘǎ ŀǘ ƘŀǊǾŜǎǘ ǘƻ ǳƴŘŜǊǎǘŀƴŘ ǘƘŜ ƛƳǇŀŎǘ ƻŦ ǿŀǘŜǊ ŀƴŘ ǿŀǘŜǊ ǎǘǊŜǎǎ ƻƴ 

Ǉƻǘŀǘƻ ƳŀǊƪŜǘŀōƛƭƛǘȅΦ ¢ƘŜ ƴǳƳōŜǊ ƻŦ ǇƻǘŀǘƻŜǎ ǿƛǘƘ ŀōƛƻǝŎ ŘƛǎƻǊŘŜǊǎ ǘƘŀǘ ǿƻǳƭŘ ǇǊŜǾŜƴǘ ƳŀǊƪŜǘŀōƛƭƛǘȅ 

όƎǊŜŜƴƛƴƎ ŀƴŘ Ƙƻƭƭƻǿ ƘŜŀǊǘύ ǿŜǊŜ ǊŜŎƻǊŘŜŘΦ ! ǎǳōǎŜǘ ƻŦ нр ǇƻǘŀǘƻŜǎ ǇŜǊ Ǉƭƻǘ ǿŜǊŜ ŘƛǎǎŜŎǘŜŘ ǘƻ ǎŎƻǳǘ ŦƻǊ 

Ƙƻƭƭƻǿ ƘŜŀǊǘΦ ! ǎŜǇŀǊŀǘŜ ǎǳōǎŀƳǇƭŜ ƻŦ мл ǘǳōŜǊǎ ǇŜǊ Ǉƭƻǘ ǿŀǎ ŎƻƭƭŜŎǘŜŘ ǘƻ ŘŜǘŜǊƳƛƴŜ ǘǳōŜǊ ǎǳŎǊƻǎŜ ŀƴŘ 

ƎƭǳŎƻǎŜ ŎƻƴŎŜƴǘǊŀǝƻƴǎ ŀƴŘ CǊŜƴŎƘ ŦǊȅ ǊŜƅŜŎǘŀƴŎŜ ŀǘ ƘŀǊǾŜǎǘ   

  

Data Analysis: 5ŀǘŀ ŀƴŀƭȅǎƛǎ ǿŀǎ ŎƻƴŘǳŎǘŜŘ ǳǎƛƴƎ w {ǘǳŘƛƻ ǎƻƊǿŀǊŜΦ aǳƭǝǇƭŜ ƳƻŘŜƭǎ ǿŜǊŜ ǘŜǎǘŜŘ ŦƻǊ 

ŜŀŎƘ ǇŀǊŀƳŜǘŜǊ ōŀǎŜŘ ƻƴ ǘƘŜ ŘƛǎǘǊƛōǳǝƻƴ ƻŦ ŘŀǘŀΦ ¢ƘŜ !ƪŀƛƪŜ ƛƴŦƻǊƳŀǝƻƴ ŎǊƛǘŜǊƛƻƴ  

ό!L/ύ ǿŀǎ ŎŀƭŎǳƭŀǘŜŘ ŦƻǊ ŜŀŎƘ ƳƻŘŜƭ ŀƴŘ ǘƘŜ ƳƻŘŜƭ ǿƛǘƘ ǘƘŜ ƭƻǿŜǎǘ !L/ ǿŀǎ ǎŜƭŜŎǘŜŘ ŀǎ ǘƘŜ ōŜǎǘ ŬǘΦ   



мф 
 

  

Results and Discussion: ¢ƘŜ нлнп ŬŜƭŘ ǎǘǳŘȅ ƛƴǾŜǎǝƎŀǘŜŘ ǘƘŜ ŜũŜŎǘ ƻŦ ƛǊǊƛƎŀǝƻƴ ƳŀƴŀƎŜƳŜƴǘ ƻƴ 

ǎƻƛƭ ōƻǊƴŜ ŘƛǎŜŀǎŜ ƛƴŎƛŘŜƴŎŜΣ ǘǳōŜǊ ǉǳŀƭƛǘȅΣ ŀƴŘ ƳŀǊƪŜǘŀōƭŜ ȅƛŜƭŘǎ ƛƴ 5ŀƪƻǘŀ wǳǎǎŜǘ Ǉƻǘŀǘƻ ǇǊƻŘǳŎǝƻƴΣ 

ǘƘƻǳƎƘ ƘŜŀǾȅ Ǌŀƛƴǎ ƭƛƪŜƭȅ ƛƴƅǳŜƴŎŜŘ ǘǊŜŀǘƳŜƴǘ ŜũŜŎǘǎΦ /ƻƳƳƻƴ ǎŎŀō ǿŀǎ ǎƘƻǿƴ ǘƻ ōŜ ǘƘŜ Ƴƻǎǘ 

ǇǊŜǾŀƭŜƴǘ ǎƻƛƭōƻǊƴŜ ŘƛǎŜŀǎŜ ŀƳƻƴƎ ŀƭƭ ǘǊŜŀǘƳŜƴǘǎΣ ǿƛǘƘ ƛǘǎ ƳŜŀƴ ƛƴŎƛŘŜƴŎŜ ƘƛƎƘŜǎǘ ǳƴŘŜǊ ǘƘŜ ƭƻǿŜǎǘ 

ƛǊǊƛƎŀǝƻƴ ǘǊŜŀǘƳŜƴǘ όсл҈ύΣ ǘƘƻǳƎƘ ǘƘŜ ƛƴŎƛŘŜƴŎŜ ƻŦ ŎƻƳƳƻƴ ǎŎŀō ǿŀǎ ƴƻǘ ǎƛƎƴƛŬŎŀƴǘƭȅ ŘƛũŜǊŜƴǘ ōŜǘǿŜŜƴ 

ƛǊǊƛƎŀǝƻƴ ǘǊŜŀǘƳŜƴǘǎ όbŜƎŀǝǾŜ .ƛƴƻƳƛŀƭ ǊŜƎǊŜǎǎƛƻƴ ƳƻŘŜƭΣ Ǉ Ґ лΦрпύΦ Iƻƭƭƻǿ ƘŜŀǊǘΣ ŀƴ ŀōƛƻǝŎ ŘƛǎƻǊŘŜǊ 

ƻƊŜƴ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ƅǳŎǘǳŀǝƴƎ ǿŀǘŜǊ ŀǾŀƛƭŀōƛƭƛǘȅΣ ǾŀǊƛŜŘ ƳŀǊƎƛƴŀƭƭȅ ōȅ ƛǊǊƛƎŀǝƻƴ ǘǊŜŀǘƳŜƴǘ όtƻƛǎǎƻƴ 

ǊŜƎǊŜǎǎƛƻƴ ƳƻŘŜƭΣ Ǉ Ґ лΦлрύΦ Iƻƭƭƻǿ ƘŜŀǊǘ ǿŀǎ ƻōǎŜǊǾŜŘ Ƴƻǎǘ ǳƴŘŜǊ Lм ŀƴŘ ǘƘŜ ƭŜŀǎǘ ƛƴ LоΣ ǎǳǇǇƻǊǝƴƎ ŀ 

ǇƻǘŜƴǝŀƭ ǊŜƭŀǝƻƴǎƘƛǇ ōŜǘǿŜŜƴ ƻǾŜǊǿŀǘŜǊƛƴƎ ŀƴŘ ƛƴŎƛŘŜƴŎŜ ƻŦ Ƙƻƭƭƻǿ ƘŜŀǊǘΦ Lƴ 5ŀƪƻǘŀ wǳǎǎŜǘΣ Ƙƻƭƭƻǿ 

ƘŜŀǊǘ Ŏŀƴ ƳŀƪŜ ǘǳōŜǊǎ ǳƴǎǳƛǘŀōƭŜ ŦƻǊ ǇǊƻŎŜǎǎƛƴƎΦ hǘƘŜǊ ŘƛǎŜŀǎŜǎ ŀƴŘ ŀōƛƻǝŎ ŘƛǎƻǊŘŜǊǎΣ ƛƴŎƭǳŘƛƴƎ ōƭŀŎƪ 

ŘƻǘΣ ǎƛƭǾŜǊ ǎŎǳǊŦΣ ǎƻƊ ǊƻǘǎΣ ŀƴŘ ƎǊŜŜƴƛƴƎΣ ǿŜǊŜ ǊŜŎƻǊŘŜŘ ōǳǘ ƻŎŎǳǊǊŜŘ ŀǘ ƭƻǿŜǊ ƛƴŎƛŘŜƴŎŜΦ LǊǊƛƎŀǝƻƴ 

ǘǊŜŀǘƳŜƴǘǎ ŘƛŘ ƴƻǘ ƘŀǾŜ ŀ ǎƛƎƴƛŬŎŀƴǘ ŜũŜŎǘ ƻƴ ǘƘŜ ƻǾŜǊŀƭƭ ǿŜƛƎƘǘ ƻŦ ŘƛǎŜŀǎŜŘ ǘǳōŜǊǎ ǇŜǊ ǘǊŜŀǘƳŜƴǘΣ ŀǎ 

ŘŜǘŜǊƳƛƴŜŘ ōȅ ǎŀƳǇƭƛƴƎ όCƛƎǳǊŜ оΤ !bh±!Σ Ǉ Ґ лΦутύΦ CǳǘǳǊŜ ǎǘǳŘƛŜǎ ǿƻǳƭŘ ōŜƴŜŬǘ ŦǊƻƳ ƛƴŦŜǎǘŀǝƻƴ ƻŦ ŀ 

ǎǇŜŎƛŬŎ ǇŀǘƘƻƎŜƴ ƻŦ ƛƴǘŜǊŜǎǘ ƛƴ ƻǊŘŜǊ ǘƻ ōŜǧŜǊ ǳƴŘŜǊǎǘŀƴŘ ƛǘǎ ǊŜƭŀǝƻƴǎƘƛǇ ǿƛǘƘ ƛǊǊƛƎŀǝƻƴ ŀƴŘ ǿŀǘŜǊ 

ǎǘǊŜǎǎ ǿƛǘƘ ǳƴƛŦƻǊƳ ŀƴŘ ƛƴǘŜƴǎƛǾŜ ŘƛǎŜŀǎŜ ǇǊŜǎǎǳǊŜΦ    

LǊǊƛƎŀǝƻƴ ǊŀǘŜǎ ŘƛŘ ƴƻǘ ǎƛƎƴƛŬŎŀƴǘƭȅ ŀũŜŎǘ ƘŜŀƭǘƘȅ ǘǳōŜǊ ǿŜƛƎƘǘǎ όCƛƎǳǊŜ мΤ Dŀǳǎǎƛŀƴ ŘƛǎǘǊƛōǳǝƻƴΣ 

ƭƛƴŜŀǊ ƳƛȄŜŘ ƳƻŘŜƭΣ Ǉ Ґ лΦтнύΣ ǘƻǘŀƭ ƳŀǊƪŜǘŀōƭŜ ȅƛŜƭŘǎ ό¢ŀōƭŜ мΤ !bh±!Σ Ǉ Ґ лΦуоύΣ ƻǊ ǘǳōŜǊ ǉǳŀƭƛǘȅ ό¢ŀōƭŜ 

нύΦ /ƻƴǎƛŘŜǊƛƴƎ ǘǊŜƴŘǎΣ ǘǊŜŀǘƳŜƴǘ Lм ǊŜǎǳƭǘŜŘ ƛƴ ŀ ƘƛƎƘŜǊ ǇǊƻǇƻǊǝƻƴ ƻŦ ǎƳŀƭƭŜǊ ǳƴƳŀǊƪŜǘŀōƭŜ ǘǳōŜǊǎ 

ǳƴŘŜǊ п ƻȊ όCƛƎǳǊŜ нΤ !bh±!Σ Ǉ Ґ лΦоуύΣ ƛƴŘƛŎŀǝƴƎ ǘƘŀǘ ƘƛƎƘ ƳƻƛǎǘǳǊŜ ŎƻƴŘƛǝƻƴǎ Ƴŀȅ ƭŜŀŘ ǘƻ ŀ ƭŜǎǎ 

ǇǊŜŦŜǊǊŜŘ ǎƛȊŜΦ /ǊƻǇ ǿŀǘŜǊ ǳǎŜ ŜŶŎƛŜƴŎȅ ǿŀǎ ƎǊŜŀǘŜǎǘ ǳƴŘŜǊ Lо ό¢ŀōƭŜ мύΣ ƛƴŘƛŎŀǝƴƎ ǘƘŀǘ ƛƴ нлнпΣ сл҈ 

ƛǊǊƛƎŀǝƻƴ ƘŀŘ ǘƘŜ ƘƛƎƘŜǎǘ ȅƛŜƭŘ ǇŜǊ ǳƴƛǘ ƻŦ ǿŀǘŜǊ ƛƴǇǳǘΦ  

Lǘ ƛǎ ƭƛƪŜƭȅ ǘƘŀǘ ǘƘŜ ǎŜŀǎƻƴΩǎ ŀōƻǾŜπŀǾŜǊŀƎŜ ǊŀƛƴŦŀƭƭ όCƛƎǳǊŜ пΣ нмΦсс ƛƴŎƘŜǎ ǘƻǘŀƭύ ƛƳǇŀŎǘŜŘ ǘƘŜ 

ǊŜǎǳƭǘǎ ōȅ ƳƛƴƛƳƛȊƛƴƎ ŘƛũŜǊŜƴŎŜǎ ōŜǘǿŜŜƴ ǘǊŜŀǘƳŜƴǘǎ ŀǘ Ǉƻƛƴǘǎ ŘǳǊƛƴƎ ǘƘŜ ƎǊƻǿƛƴƎ ǎŜŀǎƻƴ όCƛƎǳǊŜ рύ ŀƴŘ 

ǊŜŘǳŎƛƴƎ ǇƻǘŜƴǝŀƭ ŘŜŬŎƛǘ ǿŀǘŜǊ ǎǘǊŜǎǎΦ CǳǘǳǊŜ ǊŜǎŜŀǊŎƘ ǳƴŘŜǊ ǘȅǇƛŎŀƭ ǊŀƛƴŦŀƭƭ ŎƻƴŘƛǝƻƴǎ Ŏŀƴ ǾŀƭƛŘŀǘŜ 

ŬƴŘƛƴƎǎ ŀƴŘ ǊŜŬƴŜ ƛǊǊƛƎŀǝƻƴ ǎǘǊŀǘŜƎƛŜǎΦ   

  

¢ŀōƭŜ мΦ aŜŀƴ ŜũŜŎǘǎ ƻŦ ƛǊǊƛƎŀǝƻƴ ǘǊŜŀǘƳŜƴǘǎ ƻƴ ǿŜƛƎƘǘ ƻŦ ŘƛǎŜŀǎŜŘ ǘǳōŜǊǎΣ ǘǳōŜǊ ǎƛȊŜΣ ŀƴŘ ŎǊƻǇ ǿŀǘŜǊ 

ǳǎŜ ŜŶŎƛŜƴŎȅ ό²¦9ύΦ ¢ƘŜ ƛƳǇŀŎǘ ƻŦ ƛǊǊƛƎŀǝƻƴ ǘǊŜŀǘƳŜƴǘǎ ǿŜǊŜ ƴƻǘ ǎǘŀǝǎǝŎŀƭƭȅ ǎƛƎƴƛŬŎŀƴǘ ƻƴ ǘƘŜ ǿŜƛƎƘǘ 

ƻŦ ŘƛǎŜŀǎŜŘ ǘǳōŜǊǎΣ ǘǳōŜǊ ǎƛȊŜ ƻǾŜǊ с ƻȊΣ ŀƴŘ ǘƻǘŀƭ ƳŀǊƪŜǘŀōƭŜ ȅƛŜƭŘΦ  

LǊǊƛƎŀǝƻƴ   

¢ǊŜŀǘƳŜƴǘ   

¢ƻǘŀƭ LǊǊƛƎŀǝƻƴ  

LƴǇǳǘǎ όƛƴύ   

5ƛǎŜŀǎŜŘ   

¢ǳōŜǊ ²ǘ  

όŎǿǘκŀŎύ1   

¢ǳōŜǊ   

{ƛȊŜ   

Ҕс ƻȊ ό҈ύ2   

¢ƻǘŀƭ   

aŀǊƪŜǘŀōƭŜ ¸ƛŜƭŘ  

όŎǿǘκŀŎύ3  

²ŀǘŜǊ ¦ǎŜ  

9ŶŎƛŜƴŎȅ  

ό҈ύп    

 
1 Tubers were harvested from a 10ô subplot to scout for cosmetic diseases, then converted to a 

cwt/ac basis. Proportion to healthy tubers and specific incidence data can be seen in Figure 2.  
2 Plots were mechanically harvested, then sorted by size and weighed.  
3 Total marketable yield was reported as the total Grade A yield minus the undersized (<4 

ounce) tubers.  
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LмΥ млл҈  

LǊǊƛƎŀǝƻƴ   
фΦом   фрΦр   пр   поо  мсΦфп   

LнΥ ул҈   

LǊǊƛƎŀǝƻƴ    

тΦсу   

   ууΦс   пс   рро   мтΦро   

LоΥ сл҈  

LǊǊƛƎŀǝƻƴ  
сΦлр   фрΦу   пу   рпф   нмΦпф   

п /ǊƻǇ ²ŀǘŜǊ ¦ǎŜ 9ŶŎƛŜƴŎȅ ƛǎ ŀ Ǌŀǝƻ ǘƘŀǘ ƳŜŀǎǳǊŜǎ ǘƘŜ ƳŀǊƪŜǘŀōƭŜ ȅƛŜƭŘ ǇǊƻŘǳŎŜŘ ōȅ ŀ Ǉƭŀƴǘ όŎǿǘκŀŎύ 

ǇŜǊ ƛƴŎƘ ƻŦ ǿŀǘŜǊ ǘƘŀǘ ǿŀǎ ƛƴǇǳǘΣ ƛƴŎƭǳŘƛƴƎ ǇǊŜŎƛǇƛǘŀǝƻƴΦ  

  

  
CƛƎǳǊŜ мΦ 5ƛǎŜŀǎŜ ƛƴŎƛŘŜƴŎŜ ǇǊƻǇƻǊǝƻƴǎ ōȅ ǘǊŜŀǘƳŜƴǘΦ /ƻƳƳƻƴ ǎŎŀō ƘŀŘ ƘƛƎƘ ƛƴŎƛŘŜƴŎŜ ƻǾŜǊŀƭƭ ŀƴŘ ǿŀǎ 

Ƴƻǎǘ ǇǊŜǾŀƭŜƴǘ ŀǘ ƭƻǿ ƛǊǊƛƎŀǝƻƴΦ Iƻƭƭƻǿ ƘŜŀǊǘ ǿŀǎ ǎŜŜƴ Ƴƻǎǘ ƛƴ Ǉƭƻǘǎ ǿƛǘƘ ƘƛƎƘ ƛǊǊƛƎŀǝƻƴ ǿƛǘƘ ŀƭƳƻǎǘ ƴƻ 

Ƙƻƭƭƻǿ ƘŜŀǊǘ ƛƴ ǘƘŜ ƭƻǿŜǎǘ ƛǊǊƛƎŀǝƻƴ ǘǊŜŀǘƳŜƴǘΦ [ƻǿ ƛƴŎƛŘŜƴŎŜ ǿŀǎ ǊŜŎƻǊŘŜŘ ŦƻǊ ƻǘƘŜǊ ŘƛǎŜŀǎŜǎ ŀƴŘ 

ŀōƛƻǝŎ ŘƛǎƻǊŘŜǊǎΦ  
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CƛƎǳǊŜ нΦ tƻǘŀǘƻ ȅƛŜƭŘ ōȅ ǎƛȊŜ ŀƴŘ ǘǊŜŀǘƳŜƴǘΦ ¢ǊŜŀǘƳŜƴǘǎ Lн ŀƴŘ Lо ƘŀŘ ǾŜǊȅ ǎƛƳƛƭŀǊ ȅƛŜƭŘǎΣ ǘƘƻǳƎƘ 

¢ǊŜŀǘƳŜƴǘ м ǿŀǎ ƴƻǘ ǎǘŀǝǎǝŎŀƭƭȅ ŘƛũŜǊŜƴǘΦ   

  

¢ŀōƭŜ нΦ aŜŀƴ ǘǳōŜǊ ǎǳŎǊƻǎŜκƎƭǳŎƻǎŜ ŎƻƴŎŜƴǘǊŀǝƻƴǎ ŀƴŘ CǊŜƴŎƘ CǊȅ ǊŜƅŜŎǘŀƴŎŜ ǾŀƭǳŜǎΦ CǊȅ ǘŜǎǘǎ ǿŜǊŜ 

ǇŜǊŦƻǊƳŜŘ ŀƊŜǊ ƘŀǊǾŜǎǘ ŦƻǊ ŀ ǎǳōǎŜǘ ƻŦ ǘŜƴ ǇƻǘŀǘƻŜǎ ǇŜǊ ǇƭƻǘΦ ¢ǊŜŀǘƳŜƴǘ Lн ƘŀŘ ǘƘŜ ƭŜŀǎǘ ŘƛũŜǊŜƴŎŜ ƛƴ 

ōǳŘπ ŀƴŘ ǎǘŜƳπŜƴŘ ǊŜƅŜŎǘŀƴŎŜΣ ǎǳƎƎŜǎǝƴƎ ŀ ƳƻǊŜ ǳƴƛŦƻǊƳ ŦǊȅ ŎƻƭƻǊΦ LǊǊƛƎŀǝƻƴ ǘǊŜŀǘƳŜƴǘǎ ŘƛŘ ƴƻǘ ƘŀǾŜ ŀ 

ǎǘŀǝǎǝŎŀƭƭȅ ǎƛƎƴƛŬŎŀƴǘ ŜũŜŎǘ ƻƴ ǘƘŜ ŦǊȅ ǘŜǎǘ ǊŜǎǳƭǘǎΦ   

LǊǊƛƎŀǝƻƴ   

¢ǊŜŀǘƳŜƴǘ   

DƭǳŎƻǎŜ  

όƳƎκƎύ  

{ǳŎǊƻǎŜ  

όƳƎκƎύ  

{ǇŜŎƛŬŎ  

DǊŀǾƛǘȅ  

.ǳŘπ9ƴŘ 

wŜƅŜŎǘŀƴŎŜм  

{ǘŜƳπ9ƴŘ 

wŜƅŜŎǘŀƴŎŜм  

LмΥ млл҈  

LǊǊƛƎŀǝƻƴ   
мΦлусср  лΦр  мΦлут  прΦммр  псΦпу  

LнΥ ул҈   

LǊǊƛƎŀǝƻƴ    мΦлууср  лΦпфп  мΦлуф  ппΦнур  прΦнр  

LоΥ сл҈  

LǊǊƛƎŀǝƻƴ  
мΦлутрр  лΦпуфтр  мΦлуу  поΦрнр  псΦмур  

м ! ŘƛũŜǊŜƴŎŜ ƻŦ ф tƘƻǘƻǾƻƭǘ ǳƴƛǘǎ ƻǊ ƳƻǊŜ ōŜǘǿŜŜƴ ōǳŘπ ŀƴŘ ǎǘŜƳπŜƴŘ ǊŜƅŜŎǘŀƴŎŜ ŎƻƴǎǝǘǳǘŜǎ ƴƻƴπ

ǳƴƛŦƻǊƳ ŦǊȅ ŎƻƭƻǊΦ  
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CƛƎǳǊŜ оΦ CǊȅ ǘŜǎǘ ǊŜǎǳƭǘǎ ŀƊŜǊ оΦр ƳƛƴǳǘŜǎ ŀǘ отрϲ CΦ tƘƻǘƻǎ ŀǊŜ ŀƭƛƎƴŜŘ ōǳŘ ǘƻ ǎǘŜƳ ŜƴŘ όƭŜƊ ǘƻ ǊƛƎƘǘύΦ   

  
CƛƎǳǊŜ пΦ ²ŀǘŜǊ ƛƴǇǳǘǎ ŦǊƻƳ Ǌŀƛƴ ŀƴŘ ƛǊǊƛƎŀǝƻƴ ǘƘǊƻǳƎƘƻǳǘ ǘƘŜ ƎǊƻǿƛƴƎ ǎŜŀǎƻƴΦ ¢ƻǘŀƭ ǇǊŜŎƛǇƛǘŀǝƻƴ 

ŀƳƻǳƴǘŜŘ ǘƻ нмΦсс ƛƴŎƘŜǎ ǘƘǊƻǳƎƘƻǳǘ ǘƘŜ ǿƘƻƭŜ ǎŜŀǎƻƴΣ ǿƘƛƭŜ ƛǊǊƛƎŀǝƻƴ ǘǊŜŀǘƳŜƴǘǎ LмΣ LнΣ ŀƴŘ Lо ƛƴǇǳǘǎ 

ŀŘŘŜŘ фΦомΣ тΦсуΣ ŀƴŘ сΦлр ƛƴŎƘŜǎ ƻŦ ǿŀǘŜǊ ǊŜǎǇŜŎǝǾŜƭȅΦ   

  



но 
 

  
CƛƎǳǊŜ рΦ !ǾŜǊŀƎŜ ǎƻƛƭ ƳƻƛǎǘǳǊŜ ƭŜǾŜƭǎ ǇŜǊ ǘǊŜŀǘƳŜƴǘ ŀǘ ǾŀǊƛƻǳǎ ŘŜǇǘƘǎΦ wǳǎǎŜǘ Ǉƻǘŀǘƻ Ǌƻƻǘǎ ǘȅǇƛŎŀƭƭȅ 

ǊŜŀŎƘ ŀǊƻǳƴŘ рл ŎƳ ōŜƭƻǿ ǘƘŜ ǎƻƛƭ ǎǳǊŦŀŎŜ ŀƴŘ ŀǊŜ Ƴŀƛƴƭȅ ƎǊƻǿƴ ƛƴ ǎŀƴŘȅ ǎƻƛƭ ǘŜȄǘǳǊŜǎΣ ƭŜŀŘƛƴƎ ǘƻ Ŧŀǎǘ 

ŘǊŀƛƴŀƎŜΦ  

  

  

²ƻǊƪǎ /ƛǘŜŘΥ  

.ƻƎǳǎȊŜǿǎƪŀπaŀƵƪƻǿǎƪŀΣ 5ΦΣ ½ŀǊȊȅƵǎƪŀΣ YΦ ŀƴŘ ²ŀǎƛƭŜǿǎƪŀπbŀǎŎƛƳŜƴǘƻΣ .ΦΣ нлннΦ tƻǘŀǘƻ ό{ƻƭŀƴǳƳ 

ǘǳōŜǊƻǎǳƳ [Φύ tƭŀƴǘ {Ƙƻƻǘ ŀƴŘ wƻƻǘ /ƘŀƴƎŜǎ ǳƴŘŜǊ !ōƛƻǝŎ {ǘǊŜǎǎŜǎτ¸ƛŜƭŘ wŜǎǇƻƴǎŜΦ tƭŀƴǘǎΣ ммόнпύΣ 

ǇΦорсуΦ  

  

5ƧŀƳŀƴΣ YΦΣ LǊƳŀƪΣ {ΦΣ YƻǳŘŀƘŜΣ YΦ ŀƴŘ !ƭƭŜƴΣ {ΦΣ нлнмΦ LǊǊƛƎŀǝƻƴ ƳŀƴŀƎŜƳŜƴǘ ƛƴ Ǉƻǘŀǘƻ ό{ƻƭŀƴǳƳ 

ǘǳōŜǊƻǎǳƳ [Φύ ǇǊƻŘǳŎǝƻƴΥ ! ǊŜǾƛŜǿΦ {ǳǎǘŀƛƴŀōƛƭƛǘȅΣ моόоύΣ ǇΦмрлпΦ  

  

ƘǧǇǎΥκκŎŎǊΦƴŜƭǎƻƴΦǿƛǎŎΦŜŘǳκŘȅƴŀƳƛŎŀƭπŘƻǿƴǎŎŀƭƛƴƎκƛƴŘŜȄΦǇƘǇ  
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Executive Summary: Optimizing potato seed preparation practices is essential to mitigate seed 

decay under unfavorable environment and soil conditions. Potato growers in the Red River 

Valley region have expressed interest to evaluate and optimize pre-planting seed preparation 

conditions for agronomically relevant cultivars. In this study, we are focusing on cv. Dakota 

Russet as its acreage is expanding in North Dakota and Minnesota. We have conducted an 

experiment to determine the effects of different curing durations of cut seed tuber pieces  on 

emergence and performance of Dakota Russet. To accomplish this, seed tubers were obtained 

from a commercial grower after harvest in  2024 and stored at 38ÁF (95% relative humidity-RH) 

until spring. Then, one subset of tubers was warmed-up to 50ÁF (95% RH) while one subset 

remained in 38ÁF. Warmed-up tubers were cut in ~2-inch pieces and suberized at 50ÁF for 1 and 

2 weeks. Further, to mimic delayed planting scenarios, subsets from each suberization treatments 

were stored under 45ÁF for 2 or 3 weeks. Timing of the experimental treatments were 

coordinated to synchronize planting of all seed pieces simultaneously. Sprout emergence, plant 

growth (height), and yield data were collected. Results revealed early emergence from suberized 

and stored pieces after 15 days of planting when compared to fresh cut/non-suberized treatment. 

Interestingly, 30 and 60 days after planting, there was no significant difference for overall plant 

growth from the fresh cut and suberized seed tuber pieces examined in this study. Overall, lower 

emergence rate, and lower growth were observed when cut seed tuber pieces were suberized at 

50ÁF for 1 week and then stored at 45ÁF for 2 weeks. The experiment will be repeated during 

2025 crop year to confirm the results. 

Background: Overall, having good seed tuber quality, rapid and uniform emergence after 

planting, and resilience against environmental and biological stresses are essential for achieving 

optimum crop productivity. Pre-planting curing under optimum temperature and duration can 

allow the formation of protective suberin layer in cut and bare surface of the seed tubers, which 

subsequently provides protection against environmental stresses and diseases. Such protection 

against non-biological and biological stresses potentially help to minimize seed decay when 

exposed to less than ideal conditions after planting. Current pre-planting practices do not include 

curing for sufficient time, which can make the seed pieces susceptible to decay under 

unfavorable soil conditions (both dry or wet). Another challenge is the pre-planting temperature 
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of seed tubers, which can impact their suberization rate after cutting. While some potato cultivars 

have rapid wound-healing trait, others are slower to heal. Therefore, the curing temperature and 

duration should be optimized to promote rapid suberization of cut seed tuber pieces for 

agronomically significant cultivars. 

Procedure: Seed tubers of cv. Dakota Russet were obtained from Nilson Farms (Hoople, North 

Dakota) in the fall 2023; tubers were cured for 2 weeks (~70ÁF and 95% RH) and temperature 

was ramped down to 38ÁF for storage. In the spring 2024, one subset of tubers was warmed up 

(from 38 to 50ÁF over 7-day), cut, and suberized. In the meantime, a subset of tubers was kept at 

38ÁF and used as fresh cut/non-suberized treatment (as control). Subsets of cut seeds were 

incubated (at 50ÁF, 95% RH) to allow suberization for either 1 or 2 weeks. After the suberization 

period, each subset was further divided in three groups; one set from each suberization period 

was planted immediately, while second and third subsets were further stored under 45ÁF for 2 or 

3 weeks and rewarmed to 50ÁF (over 3-day) prior to planting (Table 1). All seed preparation 

treatments were synchronized for simultaneous planting. The field experiment was conducted in 

Larimore, ND under commercial production practices (Hoverson Farms) with total six treatments 

and four replications/treatment. Emergence and growth of the potato plants were monitored 

weekly. After harvest, tubers were graded, and total and marketable yield along with specific 

gravity of the tubers were determined.  

Results: Results of this experiment revealed early emergence from the suberized (1- and 2-

weeks) (Treatment 2, 3, 5, 6) cut seed tuber pieces when compared to fresh cut/non-suberized 

treatment (Treatment 1) at 15 days after planting (DAP) (Figure 1). However, after 30 DAP, 

emergence rate of fresh cut tubers reached similar range as some of the suberized treatments. 

Overall, lower emergence rate and growth was observed for cut seed tuber pieces suberized at 

50ÁF for 1 week + stored at 45ÁF for 2-weeks (Treatment 4) (Figure 1). No significant 

differences in plant height and growth were observed among most seed preparation treatments 

after 60 DAP (Figure 2). Higher total yield and marketable yield of Dakota Russet were observed 

for plants grown from 1-week suberized (Treatment 2) and when they are further stored at 45ÁF 

for 3 weeks (Treatment 5) (Figure 3). Follow-up experiment is needed to confirm these findings 

from the first year in 2025. 

 

Table 1. Details of seed preparation treatments of Dakota Russet for the 2024 field experiment 

Treatment No. Cut seed tuber treatments  

# 1 Fresh cut from tubers stored at 38ÁF 

# 2 Suberized at 50ÁF for 1 week 

# 3 Suberized at 50ÁF for 2 weeks 

# 4 Suberized at 50ÁF for 1 week > Stored at 45ÁF for 2 weeks 

# 5 Suberized at 50ÁF for 1 week > Stored at 45ÁF for 3 weeks 

# 6 Suberized at 50ÁF for 2 weeks > Stored at 45ÁF for 2 weeks 
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Figure 1. Emergence (%) of Dakota Russet plants from fresh cut/non-suberized (Treatment 1) 

and suberized (Treatment 2-6) seed tuber pieces at 15, 30, and 60 DAP. 

 

 

Figure 2. Height (inches) of plants grown from fresh cut/non-suberized (Treatment 1) and 

suberized (Treatment 2-6) seed tuber pieces at 60 and 90 DAP. 
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Figure 3. Total yield and marketable yield (cwt) of Dakota Russet grown from fresh cut/non-

suberized (Treatment 1) and suberized (Treatment 2-6) seed tuber pieces. 
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Executive Summary- Minnesota ranked 6th potato producers nationwide in 2022, with an 

estimated total potato production of 1.1 M tons and an estimated value of $237M (NASS 2023). 

Verticillium wilt (caused by fungal pathogens called Verticillium spp.), is a recurring problem for 

Minnesota and northern plains potato growers. Potato is one of the most economically important 

crops impacted by Verticillium wilt. Resistant cultivars are one of the most sustainable and cost-

efficient methods for controlling crop diseases. We have developed a Verticillium-infested 

disease screening nursery with high disease pressure in an irrigated potato field at Sand Plain 

Research Farm, Becker, MN. In the year 2024, we conducted Verticillium wilt disease screening 

of 40 potato clones/lines, including nine commercial cultivars (Superior, Dark Red Norland, 

Goldrush, Red Norland, Russet Norkotah, Yukon Gold, Atlantic, Russet Burbank, and Umatilla 

Russet). The study was designed to compare the levels of Verticillium wilt resistance in nine 

commercial cultivars with Thirty-one potential potato lines bred at the University of Minnesota 

Potato Breeding Program (led by Dr. Laura Shannon). The study trial suggested commercial 

cultivars/varieties Alturas Russet, Umatilla Russet and Bannock are highly tolerant to 

Verticillium wilt. At the same time, Superior, Dark Red Norland, Goldrush, Russet Burbank and 

Russet Norkotah, are highly susceptible to Verticillium wilt. The study identified five new potato 

lines from UMN varieties to be highly tolerant. These potato varieties were MN19AOR17020-

009, MN20CO18192-001, MN20ND1833B-001, MN18W17037-026, MN18W17037-033 and 

MN18W17009-001 (Figure 3). MN19AOR17020-009 has shown better tolerance than Alturas 

Russet, and Bannock (Figure 3).  

 We also confirmed Verticillium dahliae infection in these potato lines using molecular 

biology and microbial techniques. Additionally, we sent soil samples from our disease nursery to 

Pest Pro (Plainfield, WI) to estimate the load of Verticillium ppg (VPPG). The VPPG range in 

the disease nursery was between 170 to 300 ppg of soil, suggesting a very high load of 

Verticillium in the soil. 
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Rationale:  

Our rationale for the proposed study is to use the Verticillium wilt nursery (at Sand Plain 

Research Farm, Becker, MN) to screen potato lines for disease resistance and inform breeders 

about new Verticillium wilt tolerant high-yielding potato varieties. This study focuses on 

assessing UMN-bred potato lines to find Verticillium wilt-resistant potato lines. The study will 

lead to finding genetic solutions to manage the Verticillium wilt disease problem that can reduce 

dependency on fungicides and fumigants and secure yield loss sustainably. 

 

Procedures 

For performing screening of 40 potato lines, we used four replicate study of 10 hill  plots, each in 

a completely randomized block design in the Verticillium wilt nursery at the Sand Plain Research 

Farm, Becker, MN. Superior, Dark Red Norland, Goldrush, and Russet Norkotah varieties were 

used for susceptible checks, while Alturas Russet, Umatilla Russet and Bannock were used as 

tolerant checks for Verticillium wilt disease. Potatoes were planted on 9th May 2024. Verticillium 

wilt was visually assessed for disease symptoms at approximately seven to ten day intervals 

beginning at the mid-potato vegetative growth and flowering stage (from 15th July to 25th August) 

by estimating the number of plants exhibiting symptoms and scoring them for disease severity. 

Plants were assessed for the severity of Verticillium wilt symptoms and stem colonization. 

Verticillium wilt symptoms severity was scored as the percentage of foliage exhibiting senescence 

using the following scale: 0 - No disease symptoms, 1 - Slight wilting and unilateral discoloration 

of lower leaves (1-25% wilt), 2 - Moderate wilting involving less than one-half of the plant (25-

50% wilt), 3 - Severe wilting involving more than one-half of the plant (51-75%), and 4 - Plant 

dead or dying from wilt (75-100% wilt) (Hoyos et. al., 1991). The Verticillium stem colonization 

was validated by Verticillium-specific primers (Inderbitzin et al. 2011; Inderbitzin et al. 2011). 

Data analysis was performed using standard statistical procedures. 

 

Results 

We screened ĕ1600 potato hills for resistance to Verticillium wilt in a Verticillium dahliae-

infested field at the irrigated sand plain research station, Becker, MN. The study included forty 

entries, including commercial susceptible cultivars Superior, Dark Red Norland, Goldrush, and 

Russet Norkotah, in four replicates. Area under disease progress curve (AUDPC) was calculated 
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by examining disease symptom expression using the disease severity scoring as discussed in 

method section above. Figure 1 shows the verticillium wilt disease progression in the 

commercial highly tolerant cultivar (Alturas Russet) and highly susceptible line cultivar (Russet 

Norkotah) as observed and rated on 25th July, 7th August, and 13th August 2024. 

 

Figure 1. Progression of Verticillium wilt disease in AlturasRusset5 (185, tolerant) and Russet 

Norkotah (150, susceptible) potato variety at Sand Plain Research Farm, Becker, MN. 

Photographed on (A, B) 25th July, (C, D) 7th August, and (E, F) 13th August, respectively. 

 Figure 2 shows the verticillium wilt disease progression in the UMN potato breeding 

lines highly tolerant (MN19AOR17020-009) and highly susceptible breeding line 

(MN20TX417-003) as observed and rated on 25th July, 7th August, and 13th August 2024. 

 

Figure 2. Progression of Verticillium wilt disease in MN19AOR17020-009 (172, tolerant) and 

MN20TX417-003 (147, susceptible) potato variety at Sand Plain Research Farm, Becker, MN. 

Photographed on (A, B) 25th July, (C, D) 7th August, and (E, F) 13th August, respectively. 

 The area under disease progress curve (AUDPC) using verticillium wilt disease severity 

% observation of 18th July, 25th July, 7th August, and 13th August 2024 was calculated (Figure 

3). The study identified five highly resistant UMN potato bred lines and also reconfirmed 
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commercial cultivars Alutras Russet and Bannock as highly tolerant potato cultivars. We 

confirmed the disease by isolating Verticillium from a few stems for each potato line using the 

microbial technique. We also isolated DNA from the infected stem and used Verticillium-specific 

primers to confirm infection. 

 

 

Figure 3. Area under the disease progress curve (AUDPC) of fourty varieties, including nine 

commercial cultivars (Superior, Dark Red Norland, Goldrush, Alturus Russet, Bannock, Russet 

Norkotah, Atlantic Russet Burbank, and Umatilla Russet) using percentage disease severity 

foliage (DS%) from 18th July, 25th July, 7th August, and 13th August 2024 observations. 

*Indicates highly resistant varieties. The study was performed in four replicates; each replicate 

has ten potato hills. Standard deviation of four replicates is shown. 

From this study, we can preliminarily conclude that we have identified five tolerant potato 

lines from UMN bred lines MN19AOR17020-009, MN20CO18192-001, MN20ND1833B-001, 

MN18W17037-026, MN18W17037-033 and MN18W17009-001 to Verticillium wilt. 

MN19AOR17020-009 is the line that consistently performed well in our Verticillium field 

screening studies in 2023 and 2024, making it a useful candidate for identifying resistance 

genetics. The filed trial suggests measurable VW resistance is apparent in U of MN potato 

breeding programs. We need to standardize the controlled growth chamber/greenhouse disease 

screening method to further screen for resistance. Continuation of our experiments for the next 



он 
 

year will increase and aid our effort of breeding resistant cultivars for potato growers and industry 

needs.  
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Summary 

Potatoes require large amounts of potassium (K) to promote yield and tuber bulking and to 

minimize bruising. There is strong interest in strategies to improve K use efficiency in this crop. 

Banded K application is expected to improve K use efficiency by placing all applied K within the 

root zone of the potato crop. Splitting K application between planting and hilling may also improve 

K use efficiency, if much of the K applied at planting is lost to fixation in the soil before tuber 

bulking begins and crop K demand increases. Since K is most commonly applied as potassium 

chloride (KCl), there is also concern that the high chloride (Cl) content of this fertilizer may have 

detrimental effects on a potato crop. Using potassium sulfate (K2SO4) as a K source avoids this 

issue, but it is not clear if this advantage is worth the higher cost of K2SO4 compared to KCl. The 

objectives of this study were to (1) evaluate the effects of KCl rate on tuber yield and quality, (2) 

determine whether banded KCl application decreases potato crop K requirements, (3) evaluate the 

effectiveness of split KCl application in improving K use efficiency, (4) determine whether using 

K2SO4 in place of KCl improves tuber specific gravity,  and (5) evaluate the effects of Cl application 

on potato crop performance and Cl leaching concentrations. The addition of K increased total and 

marketable tuber yield, tuber size, and the number of tubers per plant compared to the zero-K check 

treatment. Among treatments receiving KCl, marketable yield and tuber size increased with the 

application rate of K, while total yield did not. Banded KCl application decreased the yield of 6- to 

10-ounce tubers compared to broadcast application. Tuber specific gravity and dry matter content 

decreased with the application rate of KCl, and the use of K2SO4 in place of KCl did not affect 

either variable. The yield results stand in contrast to those obtained in 2023, when tuber yield 

decreased with the application rate of KCl, yields were higher with K2SO4 than with KCl, and split 

application of KCl conferred an advantage over a single application in the spring. These differences 

between the two years may be due to a large difference in precipitation between the years. Cl excess 

may be a greater issue in a dry year like 2023 than in a wet year like 2024. 

 

Background 

 Potatoes require potassium (K) in large quantities to promote yield and tuber bulking and to 

minimize bruising damage. Because irrigated potatoes are commonly grown on sandy soils with medium 

to low available K concentrations, K fertilizer is generally applied to irrigated potato crops. K fertilizer is 

typically broadcast-applied in either the spring of the year the potato crop is grown or in the fall before. 

 Potassium fertilizer prices in the U.S. increased dramatically from 2021 to 2022 before declining 

again by the middle of 2023. This spike in K prices has prompted increased interest in ways to improve K 

use efficiency in crops. One promising approach to improving K use efficiency in potatoes is banded K 

application, which places a larger percentage of the K applied within reach of the cropôs roots. A second 

approach is to apply a portion of the K at hilling, which, compared to applying K only in the spring or fall 

before planting, should reduce the percentage of applied K that is lost to fixation or leaching before tuber 

bulking begins and crop demand increases. 
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 The most used K fertilizer is potassium chloride (KCl, also known as muriate of potash or MOP: 

0-0-60-47Cl). With this K source, chloride (Cl) is co-applied with K. Cl is an essential nutrient known to 

improve disease resistance in some plants. However, the use of KCl on potato crops, especially at higher 

rates, can reduce tuber specific gravity, and this is thought to be related to the Cl content of KCl. Applying 

K as K2SO4 (0-0-50-17S) has been found in some systems to provide the benefits of K fertilization without 

the cost in terms of specific gravity. While K2SO4 is more expensive than KCl, it may be a better choice 

where low specific gravity is of concern. 

 A second cost of applying fertilizers with a large Cl component is that Cl is highly leachable and 

can be environmentally harmful to freshwater ecosystems in large quantities. The effect of K management 

decisions on Cl leaching into ground and surface waters is therefore of some interest. 

 In 2024, studies that were conducted in corn and potato systems in 2023 were repeated, with the 

following objectives in mind for the potato study: (1) to evaluate the effects of K rate on tuber yield and 

quality, (2) to determine whether banded application reduces crop K requirements, (3) to determine whether 

split application of K reduces crop K requirements, (4) to determine whether the use of K2SO4 in place of 

KCl improves tuber specific gravity, and (5) to evaluate the effects of Cl application on potato crop 

performance and Cl concentrations in soil water. 

 

Methods 

 The second year of the study was conducted at the University of Minnesotaôs Sand Plain Research 

Farm in Becker, MN, on a Hubbard loamy sand soil in 2024. Initial soil characteristics from samples 

collected in April 2024, before fertilizer application, are presented in Table 1. 

 Twelve treatments were applied to Russet Burbank potato plants in a randomized complete block 

design with four replicates. These treatments are summarized in Table 2. Each plot was 12 feet (4 rows) 

wide by 20 feet long. The central 18 feet of the middle two rows were used for end-of-season vine samples 

and tuber harvest samples. A red potato was planted at each end of each of these two rows. The field was 

three plots wide and 18 plots long. A 3-foot buffer was planted on all sides of the field to reduce edge 

effects. 

 KCl was broadcast applied by hand in treatments 2-5 and 8, K2SO4 in treatments 10 and 11, and 

CaCl2 in treatment 12 on April 24, 2024. Planting rows were opened mechanically with 36-inch spacing 

between rows. A mixture of whole ñBò and cut ñAò seed was planted by hand with 12-inch spacing between 

seed pieces.  

Belay was applied in-furrow at planting for beetle control, along with the systemic fungicide 

Quadris. At row closure, KCl was banded into the rows in treatments 6 ï 8 approximately 4 inches below 

and to either side of the seed potatoes. At the same time, a planting fertilizer blend was banded into the 

rows in all treatments, providing 40 lbs/ac N, 100 lbs/ac P2O5, 0.5 lbs/ac S, 1 lb/ac Zn, and 0.5 lbs/ac B in 

the form of 1.9 lbs/ac urea (46-0-0), 217 lbs/ac DAP (18-46-0), 2.8 lbs/ac ZnSO4 (17.5% S, 35.5% Zn), and 

3 lbs/ac Boron 15 (15% B). Weeds, diseases, and insects were controlled using standard practices. Rainfall 

was supplemented with sprinkler irrigation using the checkbook method of irrigation scheduling. Rainfall 

samples were collected on 26 April, 20 May, 15 June, 28 July, and 26 August. Irrigation water samples were 

collected on 13 and 24 June, 22 July, and 19 August. These water samples were sent to the University of 

Minnesotaôs Research Analytical Laboratory (UM-RAL) to be analyzed for Cl and a suite of other elements 

and nutrients using ion chromatography. They were also analyzed for K and a suite of other elements using 

inductively coupled plasma mass spectrometry. 

On May 15, the hills in treatment 9 were side-dressed with 200 lbs/ac KCl, supplying 120 lbs/ac 

K2O. At the same time, all treatments except those that received K2SO4 (treatments 10 and 11) were side-
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dressed with 227 lbs/ac ammonium sulfate (21-0-0-24S), supplying 48 lbs/ac N and 54 lbs/ac S. The plots 

in treatments 10 and 11 received the same rate of N as urea (46-0-0) side-dressed at the same time. Urea 

was then side-dress applied to the whole study at 244 lbs/ac during hilling, supplying 146 lbs/ac N and 

bringing the total N rate to 240 lbs/ac. 

Lysimeters were installed in all plots in treatments 1, 4, 8, 11, and 12 on May 6 to sample soil water 

at a depth of 4 feet. The lysimeters were flushed on May 7, and soil water samples were taken on 10 and 20 

May, 20 and 27 June, 3, 11, 17, 25, and 30 July, 6, 13, 20, and 27 August, and 5, 9, and 20 September. The 

Cl concentration of each sample was determined using an Epock 2 Microplate Spectrophotometer (BioTek). 

In addition, samples collected on 29 May, 26 June, 25 July, and 18 September were sent to UM-RAL to be 

analyzed for K concentration using inductively coupled plasma mass spectrometry. 

 Plant stand was assessed among the 18 Russet Burbank plants in the middle two rows of each plot 

on 29 May and 6 June. The number of stems per plant was determined in a 10-plant sample in one of the 

middle two rows of each plot on May 31. Canopy cover was measured with the Canopeo app on 31 May; 

4, 12, and 24 June; 3, 8, 22, and 29 July; and 8, 13, 20, and 27 August. The greenness of the terminal leaflet 

of the fourth mature leaf from the shoot tip was measured on 20 shoots per plot with a SPAD-502 

Chlorophyll Meter (Konica Minolta) on 18 June and 1, 18, and 30 July. The petiole of the terminal leaflet 

of the fourth mature leaf from the tip was collected from 20 shoots per plot on the same dates. These petiole 

samples were dried at 140ÁF to a constant weight, ground, and sent to Agvise (Benton, MN) to be analyzed 

for K, Cl, S, and NO3
--N concentrations. 

 On September 5, all vines were cut by hand from 10 feet in the center of the two middle rows of 

each plot (60 square feet in total). The fresh weight of each vine sample was determined. A subsample was 

taken from each sample and weighed. The vine subsamples were then dried at 140ÁF to a constant weight 

and weighed again. The fresh and dry weights of the subsamples were used to determine vine dry matter 

content, which was used together with the fresh weights of the 60-square-foot samples to estimate dry vine 

yield per acre. 

 Shortly after vine samples were collected on September 5, all vines were killed using a flail mower. 

Tubers were harvested from the central 18 feet of the middle two rows (108 square feet) on September 23. 

On September 24 and 26, the tubers were sorted into five size categories: 0-4 oz., 4-6 oz., 6-10 oz., 10-14 

oz., and over 14 oz. Tubers over 4 oz. were sorted into U.S. No. 1 and U.S. No. 2 categories based on USDA 

standards for processing potatoes. Cull tubers were sorted into a single category, regardless of size. The 

tuber sample in each size-grade category was weighed to estimate per-acre yield.  

A size-representative subsample twenty-five U.S. No. 1 tubers was collected from each plotôs 

harvest for internal quality assessments. This subsample was used to estimate the prevalence of hollow 

heart, brown center, and scab, as well as tuber specific gravity and dry matter content. 

On October 8 and 11, soil samples to depths of 2 feet and 6 inches, respectively, were collected 

from each plot. The samples were dried at 95ÁF to a constant weight and ground. Ground 2-foot samples 

were sent to UM-RAL to be analyzed for Cl concentration with a Lachat QuikChem 8500 Flow Injection 

Analyzer. In addition, ground 6-inch samples from treatments 1, 4, and 12 were analyzed by the same 

laboratory for ammonium acetate extractable K. 

Data were analyzed using the GLIMMIX procedure in SAS 9.4 software (SAS Institute, Inc., 2016). 

Each response variable was analyzed as a function of treatment as a fixed effect and block as a random 

effect. Denominator degrees of freedom were determined by the Kenward-Roger method, and the data were 

assumed to be normally distributed. Pairwise comparisons were evaluated where the effect of treatment was 

at least marginally significant (P < 0.10). Pairs of treatments were considered significantly different if the 

P value of the pairwise comparison was less than 0.10.  
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For all data except soil water K and Cl concentrations and end-of-season soil K concentrations, five 

contrast statements were applied to compare (1) the check treatment (treatment 1) versus the treatments 

receiving broadcast KCl (treatments 2 ï 5), (2) the linear and (3) the quadratic responses to KCl rate (among 

treatments 1-5), (4) broadcast versus banded KCl application (treatments 2 ï 4 versus 6 ï 8), and (5) 

broadcast KCl versus broadcast K2SO4 (treatments 3 and 4 versus 10 and 11). No contrasts were evaluated 

for soil water K or Cl concentrations or end-of-season soil K concentration, which were only taken from a 

subset of the treatments. Soil water Cl concentrations and end-of-season K and Cl concentrations were log10 

transformed for statistical analysis. Data presented in the graphs and tables are non-transformed means.  

 

Results: 

Rainfall and irrigation 

 Daily and cumulative rainfall and irrigation from April through September in the study field are 

presented in Figure 1. The average rainfall totals for these months in Becker, MN, are 2.83ò in April, 3.78ò 

in May, 4.37ò in June, 3.91ò in July, 4.15ò in August, and 3.07ò in September, for a total of 22.11ò. In 2024, 

the season was much wetter than average in April (4.93ò), June (7.67ò), and August (6.14ò), close to average 

in May (4.39ò) and July (4.25ò), and drier than average in September (0.28ò). After April, rainfall was 

supplemented with irrigation as needed, supplying 0.55ò of water in May, 1.76ò in June, 4.85ò in July, 2.25ò 

in August, and 1.55ò in September. In total, 27.66ò in rain fell, supplemented with 10.96ò of irrigation, for 

a total of 38.62ò of water in April through September. June and August were exceptionally wet for the 

location, which could potentially affect nutrient availability (through leaching) and, as a result, plant growth 

and potato crop production. 

 Rainfall contained very little K (0.13 ppm, on average) or Cl (0.14 ppm), depositing approximately 

0.8 lbs/ac K and 0.9 lbs/ac Cl over the course of the season. Irrigation water contained substantially higher 

concentrations of both K (2.28 ppm) and Cl (38.6 ppm) and deposited about 5.6 lbs/ac K and 95 lbs/ac Cl 

throughout the season. 

 

Tuber yield, size, and grade 

 Results for tuber yield, size, and grade are presented in Table 3. Total yield was greater among 

treatments receiving broadcast KCl at any rate (treatments 2-5) than it was in the zero-K check treatment 

(treatment 1). However, none of the treatments receiving broadcast KCl had a significantly different total 

yield than the others. Banded application of KCl conferred no benefit to total yield in this season, producing 

nonsignificantly lower yields than broadcast application. Using K2SO4 instead of KCl also provided no 

benefit to total yield. Results were similar for marketable yield, except that marketable yield generally 

increased with K2O rate among the treatments receiving broadcast KCl (treatments 2 ï 5), with the treatment 

receiving 320 lbs/ac K2O (treatment 5) having significantly higher marketable yield than the treatment 

receiving 80 lbs/ac K2O (treatment 2). U.S. No. 1 yield largely paralleled total marketable yield, while U.S. 

No. 2 yield did not and was not related to treatment. 

 The percentage of yield represented by tubers over 6 ounces increased with K2O rate among the 

treatments receiving broadcast KCl (treatments 2-5), and it was higher in these treatments, as a group, than 

in the zero-K check treatment (treatment 1). Banded application of KCl did not promote tuber bulking 

relative to broadcast application, producing a nonsignicantly lower percentage of total yield in tubers over 

6 ounces. The percentage of total yield represented by tubers over 10 ounces was generally higher in 

treatments receiving 240 or 320 lbs/ac K2O than in other treatments, with the exception of the treatment 

receiving 240 lbs/ac K2O as KCl banded at planting (treatment 8). 
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 The zero-K control treatment (treatment 1) had fewer tubers per plant than the treatments receiving 

broadcast KCl (treatments 2-5), as a group.  The treatment receiving 240 lbs/ac K2O as K2SO4 (treatment 

11) also had relatively few tubers per plant, with significantly fewer tubers than the treatment receiving 160 

lbs/ac K2O from the same source (treatment 10). It is not clear why this was the case. 

 Application method (banded versus broadcast) and K source (KCl versus K2SO4) had little effect 

on tuber yield or size. Treatments receiving banded KCl (treatments 6 ï 8) had lower yields of 6- to 10-oz. 

tubers than treatments receiving broadcast KCl at the same rates (treatments 2 ï 4), and total yield showed 

a similar but nonsignificant trend, but application method had no other effects. K source had no significant 

effects. The addition of Cl without K in treatment 12 did not significantly alter any metric of tuber yield, 

grade, size, or number relative to those observed in the check treatment (treatment 1), which received 

neither K nor Cl. 

 The lack of any effect of K source on yield stands in contrast to the results obtained when the same 

study was conducted in 2023. In that year, broadcast K2SO4 supplying 160 or 240 lbs/ac K2O (treatments 

10 and 11) produced higher total yields than broadcast KCl supplying K2O at the same rates (treatments 3 

and 4), with results for U.S. No.1, U.S. No. 2, and total marketable yield approaching statistical significance. 

Possibly, the greater summer rainfall in 2024 leached away the excess Cl from the treatments receiving 

KCl, negating the advantage of K2SO4 in not adding large amounts of Cl to the soil. Adding Cl without K 

(treatment 12) had similar, nonsignificant effects on tuber yield and size in both 2023 and 2024, suggesting 

that, if excess Cl affected yields in 2023, when there was less leaching, it only did so when abundant K was 

also applied. 

 The wet summer in 2024 may also be responsible for the poor tuber bulking observed in this year, 

which was also seen in other studies at SPRF and in many growersô fields in the region. No treatment had 

more than 31% of its total yield in tubers over 6 ounces, or more than 8% of its yield in tubers over 10 

ounces. In contrast, in 2023, a dry year, no treatment had less than 51% of its yield in tubers over 6 ounces, 

or less than 17% of its yield in tubers under 10 ounces (with the highest percentages being 70% and 36%, 

respectively). It is plausible that much of the N supplied as urea was leached away as nitrate instead of 

being taken up by the crop, providing an early pulse to promote tuber set, with little N available for bulking 

later in the season. In addition, tuber set was higher in 2024 compared with 2023, which also compromised 

tuber bulking in 2024.  

 

Tuber quality 

 Results for tuber defects, specific gravity, and dry matter content are presented in Table 4. The zero-

K check treatment (treatment 1) had a somewhat higher prevalence of hollow heart and brown center than 

the treatments receiving broadcast KCl (treatments 2 ï 5). Treatment had no effect on the prevalence of 

scab. Tuber specific gravity and dry matter content were generally lower the higher the application rate of 

K. Neither banded application nor the use of K2SO4 as a K source significantly affected tuber quality by 

any metric. Application of Cl without K (treatment 12) did not significantly affect tuber quality compared 

to the check treatment (treatment 1). The lack of a Cl effect on specific gravity is consistent with results 

from 2023 and may be due to the high Cl supplied with the irrigation water. In other words, there was 

enough Cl supplied with irrigation water to reduce specific gravity regardless of the Cl applied with Cl-

containing fertilizer treatments.  

 

Plant stand and stems per plant 

 Results for plant stand and the number of stems per plant are presented in Table 5. Plant stand was 

consistently around 99 ï 100% in each treatment. Some of the contrasts were statistically significant or 
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approached significance on both 29 May and 6 June, but no two treatments differed significantly in percent 

stand on either date, and the overall treatment effects were far from significant. The number of stems per 

plant was also not significantly related to treatment. 

 

Leaflet greenness (SPAD readings) 

 Results for leaflet greenness are presented in Table 6. The zero-K check treatment (treatment 1) 

had the highest SPAD readings on all four dates, resulting in a significant contrast comparing that treatment 

to the treatments receiving broadcast KCl (treatments 2 ï 5) in each case. The application rate of K was not 

otherwise clearly related to leaflet greenness. The application method of K was unrelated to SPAD readings, 

except that treatments receiving banded applications of KCl (treatments 6 ï 8), as a group, had nearly 

significantly higher readings on 30 July than those receiving broadcast applications at the same rates 

(treatments 2 ï 4). Similarly, on that date, but on no other, the treatments receiving broadcast K2SO4 

(treatments 10 and 11), as a group, had nearly significantly higher SPAD readings than treatments receiving 

broadcast KCl at the same rates (treatments 3 and 4). The addition of Cl without K (treatment 12 compared 

to treatment 1) had no significant effect on leaflet greenness. 

 The relatively high SPAD readings observed in the check treatment (treatment 1) may be the result 

of a dilution effect in the other treatments. If lack of K limited plant shoot growth in the check treatment, 

the more extensive shoots in the other treatments may have diluted any N that was taken up, reducing leaflet 

greenness readings. 

 

Canopy cover 

 Results for canopy cover are presented in Table 7. Treatment effects on canopy cover were 

significant on June 12 through July 8.  The check treatment (treatment 1) had lower canopy cover than any 

other treatment on these dates, though the difference was not significant compared to the treatment receiving 

240 lbs/ac K2O as K2SO4 (treatment 11) on 12 June, nor compared to the treatment receiving Cl without K 

(treatment 12) on June 12 or July 8. Canopy cover reached a plateau on June 24 through July 8 in most 

treatments. Beginning on July 22, canopy cover began to gradually decline in all treatments, with the decline 

accelerating after August 8. There were no significant effects of treatment on cover from July 22 through 

August 13. Treatment did have a significant effect on canopy cover on August 20 and 27, when the 

treatments receiving either 320 lbs/ac K2O as broadcast KCl (treatment 5) or 160 lbs/ac K2O as broadcast 

K2SO4 (treatment 10) retained higher canopy cover than most other treatments. 

 Overall, banded application of KCl (treatments 6 ï 8) and broadcast application of K2SO4 

(treatments 10 and 11) slightly decreased canopy cover relative to broadcast application of KCl (treatments 

2 ï 4) in June. The application of Cl in treatment 12 also improved canopy cover compared to the check 

treatment (treatment 1) on June 24 and July 3, possibly indicating that Cl application was beneficial to 

early-season canopy cover. On August 20 and 27, the treatment receiving 160 lbs/ac K2O as K2SO4 

(treatment 10) had the second highest canopy cover of the 12 treatments, while the treatment receiving 240 

lbs/ac K2O from the same source had the lowest or second lowest canopy cover. It is not clear why these 

two similar treatments produced very different results on these dates. 

 In 2023, a relatively dry year, treatment had little effect on canopy cover. It is possible that the 

significant effects observed in 2024 were related to the much greater rainfall in that year, particularly since 

they occurred during months (June and August) when rainfall was well above average in 2024. 

 

Vine dry biomass yield at vine kill 
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 Results for vine dry biomass at vine kill are presented in Table 8. Although vine dry biomass ranged 

from 0.51 T/ac in the check treatment (treatment 1) to 0.71 T/ac in the treatment receiving split applications 

of KCl (treatment 9), the effect of treatment on vine dry biomass yield did not approach statistical 

significance. 

 

Soil water K and Cl concentrations 

 Results for soil water K concentrations at a depth of 4 feet are presented in Table 9, and results for 

soil water Cl concentrations are presented in Figure 2. Soil water K concentration was not related to 

treatment on any of the four dates evaluated. K concentrations generally increased between May 29 and 

June 26 and decreased substantially between July 25 and September 18. This suggests that K losses from 

leaching were minimal, since adding substantial quantities of fertilizer K did not increase K concentrations 

in the soil water.  

 Soil water Cl concentrations generally decreased between May 10 and May 23, then rose to a steady 

level by around June 20 in treatments that received 190 lbs/ac Cl as KCl or CaCl2 (treatments 4, 8, and 12) 

or September 9 in the treatments receiving no Cl in these forms (treatments 1 and 11). There was no 

significant treatment effect on soil water Cl concentration on May 10, 20, or 23, though treatments receiving 

Cl as KCl or CaCl2 had numerically higher soil water Cl concentrations than those that did not on each of 

these dates. On May 29, the treatment effect approached statistical significance, and it was highly significant 

from June 5 through  November 8. On these dates, treatments that did not receive KCl or CaCl2 had 

consistently lower soil water Cl concentrations than those that did.  

Whether or not 190 lbs/ac Cl was applied to a treatment explained almost all variation among 

treatments in soil water Cl concentration. The treatments that received no Cl as KCl or CaCl2 (treatments 1 

and 11) did not differ significantly from each other in their soil water Cl concentrations on any date. Among 

the treatments that received 190 lbs/ac Cl (treatments 4, 8, and 12), there were significant differences in 

pairwise comparisons between treatments only on September 9 and November 8. On September 9, the 

treatment receiving banded KCl (treatment 8) had a significantly higher soil water Cl concentration than 

the treatment receiving broadcast KCl (treatment 4) or the treatment receiving broadcast CaCl2 (treatment 

12). The difference between the banded and broadcast KCl treatments (treatments 8 and 4, respectively) 

was observed again on November 8, but the treatment receiving CaCl2 (treatment 12) did not have a 

significantly different soil water Cl concentration than either of these. The soil water Cl concentration may 

have been higher where Cl was band-applied because the lysimeters were placed in the planting hills, 

directly below where the bands were applied in the banded-KCl treatment (treatment 8). 

 

 

 

 

End-of-season soil K and Cl concentrations 

 Results for end-of-season soil K and Cl concentrations in the top 6 inches of soil are presented in 

Table 10. The treatment receiving 240 lbs/ac K2O as KCl (treatment 4) had a significantly higher end-of-

season soil K concentration than the check treatment (treatment 1) or the treatment receiving 190 lbs/ac Cl 

without K (treatment 12). 

 The overall treatment effect on end-of-season soil Cl concentration was not significant, but 

differences were apparent when specific contrasts were evaluated. End-of-season soil Cl concentration 
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increased significantly with the application rate of broadcast KCl (among treatments 1-5), and it was higher 

in treatments receiving KCl (treatments 3 and 4) than in treatments receiving K at the same rates as K2SO4 

(treatments 9 and 10). 

 

Discussion and summary 

 In this year of the study, the Cl component of KCl did not appear to be harmful to the potato plants. 

Marketable yield increased with the application rate of KCl among the treatments receiving broadcast KCl 

before planting. The use of K2SO4 as a K source conferred no yield advantage compared to KCl, although 

it reduced soil water Cl concentrations significantly. These results stand in contrast to those obtained in 

2023, when, among treatments receiving at least 80 lbs/ac K2O, the application rate of Cl was negatively 

related to total and marketable yield and treatments receiving K2SO4 had higher yields than those receiving 

KCl at equivalent rates.  

The difference in yield between the two years may be due to a substantial difference in rainfall. In 

May through August, 10.33 inches of rain fell in 2023, as compared to 22.45 inches in 2024. The higher 

precipitation in 2024 may have leached Cl ions away from the potato root zone rapidly compared to the 

drier conditions of 2023, reducing the harm excessive Cl application could do to the plants. This also 

suggests that more Cl may have leached into ground or surface water in 2024 than in 2023. However, this 

may not have increased the Cl concentration in these waters, as the leached Cl was heavily diluted by 

rainwater. Soil water Cl concentrations at a depth of 4 feet were similar or lower throughout the year in 

2024 compared to 2023. 

 Other results were more consistent between the two seasons. Tuber specific gravity was negatively 

related to the application rate of KCl in both years, while the percentage of total yield represented by tubers 

over 6 ounces increased with KCl rate. In both seasons, late season canopy cover was positively related to 

the application rate of KCl among the treatments receiving that K source in a broadcast application. Leaflet 

SPAD readings also decreased with the application rate of KCl in both years. This may be explained by a 

dilution effect, since canopy cover in June and July (when SPAD readings were taken) was higher in 

treatments receiving broadcast KCl than in the check treatment. In neither year did the use of K2SO4 confer 

a benefit in terms of increased tuber specific gravity or dry matter content, possibly because a substantial 

amount of Cl (95 lbs/ac) was added with irrigation water throughout the summer. 

 Banded application did not appear to improve the effectiveness of KCl. Compared to broadcast 

applications, banded applications produced significantly lower yield of 6- to 10-ounce tubers. In addition, 

while total yield and the percentage of yield in tubers over 6 ounces were not significantly related to 

application method, both variables were numerically higher with broadcast applications. With both 

methods, total yield showed no trend with K rate, while the yield of 6- to 10-ounce tubers and the percentage 

of yield in tubers over 6 ounces increased with K rate. If banded application of K at a given rate functioned 

similarly to broadcast application at a higher rate, then banded application at 80 or 160 lbs/ac K2O should 

have performed similarly to broadcast application at a higher rate. Instead, the treatment receiving 240 

lbs/ac K2O in a banded application performed similarly to the treatment receiving 80 lbs/ac K2O in a 

broadcast application. Banded application was also disadvantageous to yield in 2023. In that year, yield 

tended to decrease with increasing K rate among treatments receiving K, so that result was seen as consistent 

with increased K use efficiency. The results of the two years combined, however, indicate that banded K 

application may be counterproductive in this location, possibly suggesting that K fixation is not a significant 

problem in this soil 

 Split application of KCl also provided no tuber yield or size advantage over a single broadcast 

application at the same rate. The two treatments (split and broadcast application at 240 lbs/ac K2O) were 

not significantly different from each other in terms of any of the variables measured in this study. Their 
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yields and rates of internal defects were quite similar, and their tuber specific gravities were identical. These 

results contrast with those obtained in 2023, when split application significantly improved total and 

marketable yields. It is not clear why split application was less beneficial in 2024. Tuber size responded 

positively to KCl rate in 2024 but negatively in 2023, indicating that tuber bulking was K-limited in 2024 

but limited by excessive Cl in 2023. Perhaps the primary advantage of split application in 2023 was not the 

timing of K application, but the division of Cl application between two time points. Given that end-of-

season soil Cl concentrations were higher in 2023 than 2024, it is plausible that Cl excess was a more 

serious issue in 2023. This could have occurred both because less Cl was flushed from the soil by rainfall 

in 2023 and because more of the water plants received in that year was irrigation water, which was much 

higher in Cl than rainwater. 
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Table 1. Initial soil characteristics in the study field at the Sand Plain Research Farm in Becker, MN, in 

April 2024, before fertilizer was applied. 

 

 

 

 

 

Table 2. K and Cl Treatments applied to Russet Burbank potatoes. 

 

 

 

 

 

Organic 

matter
Bray P

NH4OAc-

K

NH4OAc-

Ca

NH4OAc-

Mg

DTPA-  

Mn

DTPA-  

Fe

DTPA-  

Zn

DTPA-  

Cu

Hot water 

B
SO4

2--S

(%) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)

5.5 1.4 28 101 561 103 47 46 1.7 0.7 0.2 9

0 - 6 inches

pH

Treatment 

#

Product 

applied
Method of application

K2O rate 

(lbs/ac)

Cl rate 

(lbs/ac)

S rate 

(lbs/ac)

S as (NH4)2SO4
4 at 

emergence (lbs/ac)

1 None NA 0 0 0 54

2 KCl1 Broadcast preplant 80 63 0 54

3 KCl Broadcast preplant 160 126 0 54

4 KCl Broadcast preplant 240 190 0 54

5 KCl Broadcast preplant 320 253 0 54

6 KCl Banded at planting 80 63 0 54

7 KCl Banded at planting 160 126 0 54

8 KCl Banded at planting 240 190 0 54

9 KCl
Half broadcast preplant, 

half sidedressed at hilling
240 190 0 54

10 K2SO4
2 Broadcast preplant 160 0 54 0

11 K2SO4 Broadcast preplant 240 0 82 0

12 CaCl2
3 Broadcast preplant 0 190 0 54

1KCl:  0-0-60-47Cl
2K2SO4:  0-0-50-17S
3CaCl2:  34% Ca, 60% Cl (94% pure)

4(NH4)2SO4:  21-0-0-24S
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Figure 1. (a) Daily irrigation and rainfall totals and (b) cumulative rainfall and rainfall plus irrigation at the study site in 2024. 
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Table 3. Effects of K and Cl treatments on potato tuber size, grade, and yield. Values within a column that are followed by the same letter are not 

significantly different (P Ò 0.10) in pairwise comparisons. Pairwise comparisons are presented only where the effect of treatment has P Ò 0.10. 

 

 

 

 

Number Nutrient rate (lbs/ac), method, source

1 No product 242 bcd 124 e 61 d 9 bc 0 b 436 d 167 e 193 e 16 ef 2 bc 11.6 c

2 80 K2O, broadcast, KCl 290 a 153 bcd 85 bcd 8 c 2 b 538 ab 209 cde 248 bcde 17 cdef 2 bc 14.0 a

3 160 K2O, broadcast, KCl 253 bc 171 abc 106 abc 11 bc 1 b 543 ab 274 ab 290 abc 22 bcde 2 bc 13.3 ab

4 240 K2O, broadcast, KCl 261 abc 158 bcd 105 abc 25 ab 2 b 550 a 253 abc 290 abc 24 abcd 5 ab 13.3 ab

5 320 K2O, broadcast, KCl 233 cd 144 cde 126 a 33 a 8 a 544 ab 280 a 312 a 31 a 8 a 12.2 bc

6 80 K2O, banded, KCl 268 abc 165 abc 58 d 10 bc 0 b 501 bc 204 cde 233 cde 13 f 2 bc 13.3 ab

7 160 K2O, banded, KCl 271 ab 168 abc 78 cd 11 bc 3 ab 531 ab 220 bcde 260 abcd 17 def 2 bc 13.8 a

8 240 K2O, banded, KCl 239 bcd 176 ab 89 bcd 11 bc 0 b 516 ab 230 abcd 277 abcd 19 cdef 2 bc 13.3 ab

9 240 K2O, broadcast+sidedress, KCl 242 bcd 169 abc 112 ab 19 abc 2 b 544 ab 258 abc 303 ab 25 abc 4 abc 13.7 a

10 160 K2O, broadcast, K2SO4 265 abc 193 a 75 cd 5 c 0 b 537 ab 243 abcd 272 abcd 15 ef 1 c 14.0 a

11 240 K2O, broadcast, K2SO4 208 d 162 bcd 113 ab 33 a 3 ab 519 ab 288 a 312 a 29 ab 7 a 11.9 c

12 190 Cl, broadcast, CaCl2 237 bcd 133 de 71 d 11 bc 4 ab 456 cd 187 de 219 de 19 cdef 3 bc 12.1 bc

Effect of KCl (1 vs. 2-5)

KCl rate, linear (1-5)

KCl rate, quadratic (1-5)

Broadcast v banded (2-4 v 6,7,&12)

KCl v K2SO4 (3&4 v 9&10)

0.0370

0.0009

0.5101

0.1094

26

39

16

37

32

40

47

45

29

290

0.4653

0.4735

0.9180

0.4115

0.2129

0.0319

0.2338

0.7435

0.91080.1921

0.0169

0.0171

0.2199

0.0118

0.3623

0.2890

0.0609

0.3387

0.3224

0.0737

0.4957 0.0489

0.4128

0.0132

0.7214

0.0038

0.0350

0.0723

1.0000

1.0000

0

0

0

0.6624

0.7641

0.1699

0.9944

24

32

0.7824

0.0874

0.2081

0.0070

0.2061

0.5318

0.8228

0.0061

% yield in tubers over:

10 oz.

Tubers / 

plant

0.3

0

0.0048

0.8711

0.5103

Culled 0-4 oz. 4-6 oz. 10-14 oz. Over 14 oz. U.S. No. 2 6 oz.

0

0

0

0

0

0

0.0328

<0.0001

0.0528

0.1758

0.1332

0.5404

0.0080

0.0202

0.0077

0.0018

0.5979

0.0045

0.2647Contrasts

Treatment effect (P-value)

Treatment Yield (cwt/ac)

0.9410

0.0037

0.0020

0.2808

0.37460.1007

0.3666

0.0033

0.00140.0011

0.1793

0.9384

U.S. No. 1

0.05090.0239

0.2157

6-10 oz. Total

0.0038

Marketable
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Table 4. Effects of K and Cl treatments on potato tuber defects, specific gravity, and dry matter content. Values within a column that are followed 

by the same letter are not significantly different (P Ò 0.10) in pairwise comparisons. Pairwise comparisons are presented only where the effect of 

treatment has P Ò 0.10. 

 

 

 

 

Number Nutrient rate (lbs/ac), method, source

1 No product 1.0822 ab

2 80 K2O, broadcast, KCl 1.0826 a

3 160 K2O, broadcast, KCl 1.0801 bc

4 240 K2O, broadcast, KCl 1.0793 cd

5 320 K2O, broadcast, KCl 1.0776 d

6 80 K2O, banded, KCl 1.0821 ab

7 160 K2O, banded, KCl 1.0794 cd

8 240 K2O, banded, KCl 1.0773 d

9 240 K2O, broadcast+sidedress, KCl 1.0794 cd

10 160 K2O, broadcast, K2SO4 1.0806 abc

11 240 K2O, broadcast, K2SO4 1.0794 cd

12 190 Cl, broadcast, CaCl2 1.0802 bc

Effect of KCl (1 vs. 2-5)

KCl rate, linear (1-5)

KCl rate, quadratic (1-5)

Broadcast v banded (2-4 v 6,7,&12)

KCl v K2SO4 (3&4 v 9&10)

0

0

0

0

1

0

0

1

20.6

20.5

21.7

0

1

0

0

0

20.7

21.0

21.0

0

0

0

21.6

21.8

21.1

20.7

20.2

20.5

1

1

1

0

2

0

0

1

0

1

0

0

0

0

1

0

1

0

0

0

0

3

0

1

1

0

0.0143

0.0771

0.3622

0.6413

0.2573

0.2735

0.0081

0.0545

0.3193

0.6101

Treatment effect (P-value) 0.0073

Contrasts

0.0426

Treatment

Disqualifying 

hollow heart

Disqualifying 

brown center

0.19211.0000

0.4109

0.4436

1.0000

0.2990

Specific 

gravity
Total hollow 

heart

Total brown 

center

0.0133

0.1231

0.1905

0.0017

0.0217

0.0500

0.2161

0.2934

0.5106

0.7914 0.8313

0.4708

0.3971

0.17280.4484

0.1127

0.6497

0.0003 0.0086

0.4679 0.5257

Dry matter 

content (%)
Common 

scab

Tuber defects (% of tubers)

0.1645 0.7053 0.2664

3

0

1

1

0

1

0

2

0

0

1

0

2

0

0

0

0

1
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Table 5. Effects of K and Cl treatments on potato plant stand and the number of stems per plant. Values 

within a column that are followed by the same letter are not significantly different (P Ò 0.10) in pairwise 

comparisons. Pairwise comparisons are presented only where the effect of treatment has P Ò 0.10. 

 

 

 

 

Table 6. Effects of K and Cl treatments on potato leaflet greenness (SPAD-502 readings). Values within a 

column that are followed by the same letter are not significantly different (P Ò 0.10) in pairwise 

comparisons. Pairwise comparisons are presented only where the effect of treatment has P Ò 0.10. 

 

Number Nutrient rate (lbs/ac), method, source

1 No product

2 80 K2O, broadcast, KCl

3 160 K2O, broadcast, KCl

4 240 K2O, broadcast, KCl

5 320 K2O, broadcast, KCl

6 80 K2O, banded, KCl

7 160 K2O, banded, KCl

8 240 K2O, banded, KCl

9 240 K2O, broadcast+sidedress, KCl

10 160 K2O, broadcast, K2SO4

11 240 K2O, broadcast, K2SO4

12 190 Cl, broadcast, CaCl2

Effect of KCl (1 vs. 2-5)

KCl rate, linear (1-5)

KCl rate, quadratic (1-5)

Broadcast v banded (2-4 v 6,7,&12)

KCl v K2SO4 (3&4 v 9&10)

100

100 100

3.5

3.8

3.5

3.9

4.0

4.0

3.6

4.2

4.0

3.4

3.5

3.8

100

100

100

100

100

98.8

100

100

100

99.4

Treatment

Treatment effect (P-value)

Contrasts

0.5259

0.0205

0.3337

0.0178

1.0000

1.0000

May 29

Plant stand (%)

0.0640

0.5928

0.4154

0.3197

0.3728

Stems / plant

June 6 May 31

0.6077

100

100

100

99.4

0.5783

99.4

99.4

100

100

100

100

100

0.3695

0.2762

0.7826

0.7592

0.8880
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Number Nutrient rate (lbs/ac), method, source

1 No product 48.3 a 46.5 a

2 80 K2O, broadcast, KCl 45.5 bcde 42.6 bc

3 160 K2O, broadcast, KCl 44.1 ef 40.6 c

4 240 K2O, broadcast, KCl 44.2 ef 40.3 c

5 320 K2O, broadcast, KCl 44.3 def 42.4 bc

6 80 K2O, banded, KCl 45.8 bc 42.4 bc

7 160 K2O, banded, KCl 44.3 cdef 42.2 bc

8 240 K2O, banded, KCl 44.1 ef 41.6 bc

9 240 K2O, broadcast+sidedress, KCl 43.8 f 42.7 bc

10 160 K2O, broadcast, K2SO4 45.7 bcd 42.4 bc

11 240 K2O, broadcast, K2SO4 44.6 cdef 40.7 c

12 190 Cl, broadcast, CaCl2 46.5 b 44.0 ab

Effect of KCl (1 vs. 2-5)

KCl rate, linear (1-5)

KCl rate, quadratic (1-5)

Broadcast v banded (2-4 v 6,7,&12)

KCl v K2SO4 (3&4 v 9&10)

35.4

0.8858

43.9

41.6

41.5

39.7

40.3

41.1

40.0

41.4

41.1

40.3

41.4

41.9

0.1271

0.0024

Treatment

June 18

Contrasts

<0.0001

0.0037

0.7803

July 18 July 30

Leaflet cholorphyll content (SPAD-502)

July 1

0.3535

36.4

35.2

36.3

35.9

35.3

36.0

37.6

34.2

34.2

33.5

35.4

0.0019

Treatment effect (P-value) 0.0003 0.0278

0.0144

0.0002 0.0078

<0.0001 0.0047 0.13220.0021

0.1873

0.3334 0.0557

0.1145 0.3329 0.0956

0.8881
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Table 7. Effects of K and Cl treatments on canopy cover (Canopeo readings). Values within a column that are followed by the same letter are not 

significantly different (P Ò 0.10) in pairwise comparisons. Pairwise comparisons are presented only where the effect of treatment has P Ò 0.10. 

 

 

 

Number Nutrient rate (lbs/ac), method, source

1 No product 49 d 79 d 87 c 90 c 49 cde 21 cd

2 80 K2O, broadcast, KCl 59 ab 95 ab 96 ab 96 ab 57 abcd 24 cd

3 160 K2O, broadcast, KCl 60 a 97 a 96 ab 98 a 53 bcde 21 cd

4 240 K2O, broadcast, KCl 58 ab 94 ab 96 a 97 a 57 abcd 30 c

5 320 K2O, broadcast, KCl 60 ab 94 ab 95 ab 97 a 71 a 49 a

6 80 K2O, banded, KCl 56 abc 91 abc 94 ab 97 a 52 bcde 24 cd

7 160 K2O, banded, KCl 56 abc 91 abc 95 ab 98 a 55 bcde 30 c

8 240 K2O, banded, KCl 55 bc 91 abc 96 ab 97 a 64 ab 43 ab

9 240 K2O, broadcast+sidedress, KCl 61 a 94 ab 96 a 98 a 61 abc 31 bc

10 160 K2O, broadcast, K2SO4 56 abc 90 bc 96 a 97 a 70 a 45 a

11 240 K2O, broadcast, K2SO4 52 cd 92 abc 96 a 98 a 41 e 19 cd

12 190 Cl, broadcast, CaCl2 52 cd 87 c 92 b 93 bc 45 de 15 d

Effect of KCl (1 vs. 2-5)

KCl rate, linear (1-5)

KCl rate, quadratic (1-5)

Broadcast v banded (2-4 v 6,7,&12)

KCl v K2SO4 (3&4 v 9&10)

0.0007 0.0023 0.0299

0.0561 0.4490 0.2881 0.4444 0.3429

0.5476 0.9088 0.8809

0.0097 0.0466

<0.0001 <0.0001 0.0007

71

0.0014 0.0023 0.0049

829191

0.6117 0.1447

0.4596 0.3994 0.3840

87 86

88 88

0.0282 0.0009

0.3626 0.0339

0.3071 0.6967

0.0864 0.0241

22

19

22

80

90 91 84

0.0272 0.0008

0.1373 0.1076

0.0921 0.9635 0.8711

0.8492

0.0059

41

38

39

Treatment

31-May 4-Jun 12-Jun

3218

25

22

22

Percent canopy cover (Canopeo)

20-Aug 27-Aug

79

78

76

24-Jun 3-Jul 8-Jul 13-Aug

60

89

33

37

38

37

23

22

21

23

23 39 60

67

83

89

85 81

83

Contrasts

0.0166 0.0086 0.0002

0.1920 0.2789 0.0052

0.1755 0.0204 0.0182

Treatment effect (P-value) 0.4314 0.1702 0.0086

35

40

37

76

76

91

86

86

92 87

0.1872

29-Jul 8-Aug22-Jul

65

0.2186 0.5767 0.3826

75

73

88

86

89

88

90

87

84

66

67

0.9284

0.9149

0.5052

62

0.4668

67

0.0641

77

0.5777 0.3786 0.0507

0.3529 0.0879 0.0165 0.5346 0.5488 0.3373

0.3965

64

64
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Table 8. Effects of K and Cl treatments on vine dry biomass at vine kill. Values within a column that are 

followed by the same letter are not significantly different (P Ò 0.10) in pairwise comparisons. Pairwise 

comparisons are presented only where the effect of treatment has P Ò 0.10. 

 

 

 

 

Table 9. Effects of K and Cl treatments on soil water K concentration at a depth of 4 feet.  

 

 

Number Nutrient rate (lbs/ac), method, source

1 No product

2 80 K2O, broadcast, KCl

3 160 K2O, broadcast, KCl

4 240 K2O, broadcast, KCl

5 320 K2O, broadcast, KCl

6 80 K2O, banded, KCl

7 160 K2O, banded, KCl

8 240 K2O, banded, KCl

9 240 K2O, broadcast+sidedress, KCl

10 160 K2O, broadcast, K2SO4

11 240 K2O, broadcast, K2SO4

12 190 Cl, broadcast, CaCl2

Effect of KCl (1 vs. 2-5)

KCl rate, linear (1-5)

KCl rate, quadratic (1-5)

Broadcast v banded (2-4 v 6,7,&12)

KCl v K2SO4 (3&4 v 9&10)

0.71

0.58

0.56

0.56

0.54

0.62

Treatment

0.69

0.67

0.6242

0.3611

Contrasts

0.1607

0.1760

0.6275

Treatment effect (P-value) 0.8896

Vine dry biomass 

(T/ac)

0.51

0.63

0.64

0.66

Number Nutrient rate (lbs/ac), method, source

1 No product

4 240 K2O, broadcast, KCl

8 240 K2O, banded, KCl

11 240 K2O, broadcast, K2SO4

12 190 Cl, broadcast, CaCl2

2.3

1.7

2.5

2.2

2.3

1.5

1.6

0.6

0.6

0.2

0.4

0.3

Treatment

May 29 Jun 26

Treatment effect (P-value) 0.7987

Soil water K concentration (ppm)

Jul 25

0.23310.1521

Sep 18

0.7249

3.7

4.5

2.2

1.9

3.1

4.5

2.0 2.6
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Figure 2. Effects of K and Cl treatments on soil water Cl concentration at a depth of 4 feet. Error bars 

indicate standard error of the mean. NS: not significant. +: P Ò 0.10. *: P < 0.05. **: P < 0.01. ***: P < 

0.001. ****: P < 0.0001. 

 

Table 10. Effects of K and Cl treatments on end-of-season (i.e., October 11) soil K and Cl concentrations. 

Values within a column that are followed by the same letter are not significantly different (P Ò 0.10) in 

pairwise comparisons. Pairwise comparisons are presented only where the effect of treatment has P Ò 

0.10. 
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Number Nutrient rate (lbs/ac), method, source

1 No product 51 b

2 80 K2O, broadcast, KCl

3 160 K2O, broadcast, KCl

4 240 K2O, broadcast, KCl 75 a

5 320 K2O, broadcast, KCl

6 80 K2O, banded, KCl

7 160 K2O, banded, KCl

8 240 K2O, banded, KCl

9 240 K2O, broadcast+sidedress, KCl

10 160 K2O, broadcast, K2SO4

11 240 K2O, broadcast, K2SO4

12 190 Cl, broadcast, CaCl2 52 b

Effect of KCl (1 vs. 2-5)

KCl rate, linear (1-5)

KCl rate, quadratic (1-5)

Broadcast v banded (2-4 v 6,7,&12)

KCl v K2SO4 (3&4 v 9&10)

Treatment effect (P-value) 0.0076

Treatment

K (ppm) Cl (ppm)

End-of season soil

0.1464

.

.

.

.

.

.

.

.

.

8.2

8.0

10.8

8.9

Contrasts

.

.

.

.

.

0.1687

0.0359

0.9330

0.8485

0.0489

7.1

9.1

9.8

10.9

8.7

8.7

9.7

8.8
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Evaluation of agronomic performance and after-cooking tuber darkening in  

Elk River Russet relative to Russet Burbank 

 

/ŀǊƭ wƻǎŜƴмΣ WŀƳŜǎ /ǊŀƴǘǎмΣ aŀǧ aŎbŜŀǊƴŜȅмΣ Seonghyun Seoм,  

[ŀǳǊŀ {ƘŀƴƴƻƴнΣ ¢ƘƻƳŀǎ {ǘŜŦŀƴƛŀƪнΣ ŀƴŘ {ŀƴƧŀȅ DǳǇǘŀ 

мDepartment of Soil, Water, and Climate, University of Minnesota 

нDepartment of Horticultural Science, University of Minnesota 

 

Summary 

Elk River Russet is a new fresh-market or processing potato cultivar notable for the uniform and 

pleasing shape of its deeply russeted, oblong tubers.  While its field performance has been 

extensively evaluated, the clean, certified seed now available to growers has not been thoroughly 

tested to ensure that the results obtained from breeder seed are representative.  In addition, a grower 

reported in 2023 that Elk River Russet tubers seemed to be prone to after-cooking darkening.  In 

this study, we evaluated the performance of Elk River Russet and Russet Burbank, each grown with 

total N application rates of 80 and 200 lbs/ac, in terms of tuber yield and quality, including the 

prevalence of after-cooking darkening.  Elk River Russet had significantly lower total yield and 

U.S. No. 2 yield, but significantly higher U.S. No. 1 yield and total marketable yield than Russet 

Burbank, as well as a larger percentage of its total yield in tubers over 6 or 10 ounces.  Russet 

Burbank had significantly more tubers per plant than Elk River Russet, suggesting that the poor 

tuber bulking observed in Russet Burbank was due to each plant having more tubers than it could 

effectively bulk.  Elk River Russet had higher tuber specific gravity and dry matter content than 

Russet Burbank.  Tuber darkening and the occurrence of chlorogenic acid, which is implicated in 

after-cooking tuber darkening, were not generally related to cultivar, indicating that Elk River 

Russet was no more susceptible to this issue than Russet Burbank under the conditions of this study. 

Because after-cooking darkening has been observed in previous years, the results suggest that this 

disorder is affected by environmental conditions during the growing season.   

 

Background 

 Elk River Russet is a mid-season fresh-market or processing potato of uncertain parentage from the 

University of Minnesota.  It is notable for the relatively uniform and pleasing size and shape of its oblong 

tubers, which have deep russeting, good skin set, a low prevalence of hollow heart and brown center, and 

high specific gravity.  While it generally has lower total yields than Russet Burbank, a greater percentage 

of its yield is represented by U.S. No. 1 tubers, with fewer undersized or U.S. No. 2 tubers than Russet 

Burbank.   

 The cultivar, under the breeding name MN13142, has been extensively evaluated.  However, much 

of this evaluation has been conducted on breeder seed, not on the clean, certified seed now available to 

growers.  In addition, reports from a grower in 2023 indicated that Elk River Russet may be prone to after-

cooking darkening of the tuber flesh, which has not been the subject of previous research on this cultivar.  

In 2024, the performance of Elk River Russet and Russet Burbank were compared at two N rates:  80 and 

200 lbs/ac total N.  Crop responses to N rate are presented in terms of tuber yield, size, grade, and quality, 

including the prevalence of after-cooking darkening. 
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Methods 

 The study was conducted at the Sand Plain Research Farm (SPRF) at Becker, MN, in 2024, on a 

Hubbard loamy sand soil.  The previous crop was soybeans.  Initial soil characteristics from samples taken 

on April 12 are presented in Table 1.  The study was set up as a randomized complete block design with 

four blocks and four treatments defined by potato cultivar (Russet Burbank or Elk River Russet) and N rate 

(80 or 200 lbs/ac N).  These treatments are summarized in Table 2.   

Each plot was 12 feet (6 rows) wide and 20 feet long.  Tubers were taken from the central 18 feet 

of rows 4 and 5, and each of these two rows was marked by a red potato planted at each end of the row.  

Row 2 was used for in-season 5-plant samples.  The field was 2 plots wide and 8 plots long, and the entire 

field was surrounded by a 3-foot buffer of potato plants to reduce edge effects.  The plants in the buffer 

strip were of the same cultivar and received the same N treatment as the plants in the adjacent plot. 

 The whole field received 200 lbs/ac MOP (0-0-60) and 200 lbs/ac SulPoMag (0-0-22-22S-11Mg) 

on April 22.  On May 2, a mixture of 3-ounce cut ñAò and whole ñBò seed pieces was planted by hand in 

each plot with 36ò spacing between rows and 12ò spacing within rows.  Belay was applied in-furrow at 

planting for beetle control, along with the systemic fungicide Quadris.  At the same time, a planting fertilizer 

blend was banded in all treatments, supplying 40 lbs/ac N, 102 lbs/ac P2O5, 181 lbs/ac K2O, 40 lbs/ac S, 20 

lbs/ac Mg, 1 lb/ac Zn, and 0.6 lbs/ac B in the form of 173 lbs/ac DAP (18-46-0), 141 lbs/ac SulPoMag, 184 

lbs/ac MOP, 2 lbs/ac ZnSO4 (17.5% S, 35.5% Zn), and 3 lbs/ac Boron 15 (15% B). Weeds, diseases, and 

insects were controlled using standard practices.  Rainfall was supplemented with sprinkler irrigation using 

the checkbook method of irrigation scheduling.  Just before hilling on May 15, 120 lbs/ac N was side-dress 

applied by hand as Environmentally Smart Nitrogen (ESN, Nutrien: 44-0-0) according to treatment.   

 Five adjacent plants were hand-dug from row 2 of each plot on each of four sampling dates: July 

31 and August 8, 19, and 28. The tubers were sorted into five size categories: 0-4 oz., 4-6 oz., 6-10 oz., 10-

14 oz., and over 14 oz.  Tubers over 4 oz. were sorted into U.S. No. 1 and U.S. No. 2 categories based on 

USDA standards for processing potatoes.  Cull tubers were sorted into a single category, regardless of size.  

The tuber sample in each size-grade category was weighed to estimate per-acre yield.   

Vines were chopped with a flail mower on September 9, and tubers were harvested on September 

18.  This harvest sample of tubers was sorted by the same standards used for the 5-plant samples.   A size-

representative subsample twenty-five U.S. No. 1 tubers was collected from each plotôs harvest for internal 

quality assessments.  This subsample was used to estimate the prevalence of hollow heart, brown center, 

and scab, as well as tuber specific gravity and dry matter content.   

A separate subsample was set aside to evaluate the propensity of each treatment toward cooking-

induced darkening.  Two tubers from each treatment and harvest date were baked at 300ÁF for 2 hours, 

sliced in half lengthwise, and assessed for darkening on a subjective scale from 1 (no darkening) through 2 

(minor darkening) to 3 (major darkening).  A note was made when observed darkening appeared to be 

related to external damage (i.e., bruising), and the results were analyzed both with and without such bruise-

related damage included.  A third tuber was sliced and analyzed for chlorogenic acid, the primary compound 

implicated in after-cooking darkening, using a urea/tartaric acid/sodium nitrate staining test.  Tubers were 

scored on a scale of 1 (no staining detected), 2 (staining around the edge or near the stem), or 3 (staining 
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throughout the flesh).  Because flesh close to the tuber surface would be removed if the tuber were peeled, 

darkening is of greater concern when it is deeper in the flesh. 

 Data were analyzed using the GLIMMIX procedure in SAS 9.4 software (SAS Institute, Inc., 2016).  

Each response variable was analyzed as a function of cultivar, N rate, and their interaction as fixed effects, 

with block treated as a random effect.   Denominator degrees of freedom were determined by the Kenward-

Roger method and the data were assumed to be normally distributed.  Pairwise comparisons were evaluated 

where the effect of treatment was at least marginally significant (P < 0.10).  Pairs of treatments were 

considered significantly different if the P value of the pairwise comparison was less than 0.10.   

 

Results 

Rainfall and irrigation 

 Daily and cumulative rainfall and irrigation from April through September in the study field are 

presented in Figure 1.  The average rainfall totals for these months in Becker, MN, are 2.83ò in April, 3.78ò 

in May, 4.37ò in June, 3.91ò in July, 4.15ò in August, and 3.07ò in September, for a total of 22.11ò.  In 2024, 

the season was much wetter than average in April (4.93ò), June (7.67ò), and August (6.14ò), close to average 

in May (4.39ò) and July (4.25ò), and drier than average in September (0.28ò).  After April, rainfall was 

supplemented with irrigation as needed, supplying 0.55ò of water in May, 1.76ò in June, 4.35ò in July, 2.25ò 

in August, and 1.00ò in September.  In total, 27.66ò in rain fell, supplemented with 9.91ò of irrigation, for 

a total of 37.57ò of water in April through September. 

 

Tuber yield, size, and grade 

 Results for tuber yield, size, and grade at harvest are presented in Table 3.  Overall, while Russet 

Burbank had greater total and U.S. No. 2 yield than Elk River Russet, the opposite was true of U.S. No. 1 

yield and total marketable yield.  The percentages of total yield represented by tubers over 6 and 10 ounces 

were significantly greater for Elk River Russet than for Russet Burbank.  Elk River Russet had higher 

absolute yields of 6-10-ounce and 10-14 ounce tubers than Russet Burbank, while Russet Burbank had 

much higher yields of tubers under 4 ounces.  These results indicate that Elk River Russet was much more 

successful at bulking its tubers this season.  One explanation for this difference is that Russet Burbank 

plants had substantially more tubers (14.3 tubers per plant) to bulk, on average, than Elk River Russet plants 

(9.8 tubers per plant). 

 The application rate of N also substantially affected yield, with treatments receiving 200 lbs/ac N 

having higher total yield, U.S. No. 1 yield, and total marketable yield, but lower U.S. No. 2 yield, than 

treatments receiving 80 lbs/ac N.  The higher-N treatments also had greater percentages of total yield in 

tubers over 6 and 10 ounces and lower yields of tubers under 4 ounces than the lower-N treatments.  

However, N rate had no effect on the number of tubers per plant. 

 The effects of cultivar and N rate on total, U.S. No. 1, and total marketable yield were additive, but 

the effect of the cultivar*rate interaction on U.S. No. 2 yield and the percentages of yield over 6 and 10 

ounces were significant.  U.S. No. 2 yield was negligible in Elk River Russet regardless of N rate, while in 

Russet Burbank, the lower N rate produced higher U.S. No. 2 yield.  The percentages of yield in tubers over 

6 and 10 ounces were more strongly affected by N rate in Elk River Russet than in Russet Burbank, but 

both cultivars had higher percentages at 200 lbs/ac N than 80 lbs/ac N. 

 Results for total tuber yield and the percentage of yield represented by tubers over 6 ounces from 

5-plant samples taken on July 31 and August 8, 19, and 28, together with the results from final harvest on 

September 18, are presented in Figure 2. Overall, bulking increased through August 19 and then remained 
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constant, suggesting that conditions were not conducive for late season bulking in 2024 for either cultivar.   

Averaging between the two N rates, Russet Burbank had greater total yield than Elk River Russet (Figure 

2a) on all sampling dates.  Averaging between the two cultivars, plots receiving 200 lbs/ac N had greater 

total yields than those receiving 80 lbs/ac N on all sample dates.  The only significant cultivar*N rate 

interaction effect on total yield occurred on the third sampling date, August 19 (P = 0.0432).  On this date, 

the effect of N on tuber yield was much larger in Russet Burbank than in Elk River Russet.  Yield generally 

increased over time, especially between July 31 and August 19.   

Averaging between the two N rates, Elk River Russet had significantly more of its total yield in 

tubers over 6 ounces on the last 4 sample dates, and the difference between the two cultivars approached 

statistical significance (P = 0.0543) on the first sample date.  Averaging between the two cultivars, plots 

receiving 200 lbs/ac N had significantly more of their total yield in tubers over 6 ounces than those receiving 

80 lbs/ac N on August 19 and September 18, while the difference approached statistical significance on 8 

August (P = 0.0618) and August 28 (P = 0.0835).  The cultivar*N rate interaction was only significant at 

harvest, when N rate had a stronger effect on the percentage of yield in tubers over 6 ounces in Elk River 

Russet than it did in Russet Burbank. 

 

Tuber quality 

 Results for tuber quality are presented in Table 4.  Neither cultivar nor N rate significantly affected 

the prevalence of hollow heart, brown center, or common scab.  None of these conditions were common in 

any treatment.  Tuber specific gravity and dry matter content were significantly higher in Elk River Russet 

than Russet Burbank, regardless of N rate.  N rate had no significant effect on tuber specific gravity in 

Russet Burbank.  In Elk River Russet, the treatment receiving 80 lbs/ac N had a significantly higher mean 

specific gravity than the treatment receiving 200 lbs/ac N. 

 

After-cooking darkening and chlorogenic acid 

 Results for tuber darkening after baking and detection of chlorogenic acid (which is implicated in 

after-cooking darkening) are presented in Table 5.  Tubers collected on July 31 August 8, 19, and 28, and 

September 18 (i.e., final harvest) were baked and evaluated for dark areas in the flesh.  Some of these dark 

areas were attributable to external damage (i.e., bruising).  When these areas were included in the analyses, 

Elk River Russet tubers collected from plots receiving 200 lbs/ac N on August 28 showed more darkening 

than tubers from any other treatment.  Averaged across cultivars and including bruising, tubers collected at 

harvest from plots receiving 200 lbs/ac N had numerically more darkening than those from plots receiving 

80 lbs/ac N, with the difference approaching statistical significance (P = 0.0996).  When bruising damage 

was excluded from the analyses, neither cultivar nor N rate had a significant effect on tuber darkening on 

any sampling date. 

 The presence and spatial pattern of chlorogenic acid (i.e., whether it was detected deep within the 

tuber or only near the surface) was unrelated to cultivar or N rate on July 31.  At harvest, tubers from plots 

receiving 80 lbs/ac N had more widespread chlorogenic acid than those from plots receiving 200 lbs/ac N.  

Given that chlorogenic acid is known to promote after-cooking darkening, this effect of N rate ran counter 

to the trend observed for tuber color after baking for tubers collected at harvest. 

 

 

Conclusions 
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 Consistent with previous results, Elk River Russet had lower total tuber yield than Russet Burbank, 

but more of that yield was represented by U.S. No. 1 tubers.  In 2024, this was true to such an extent that 

Elk River Russet had greater U.S. No. 1 yield than Russet Burbank.  This was due primarily to differences 

in tuber bulking between the two cultivars.  Both cultivars had poor tuber bulking in this year compared to 

previous years, but the effect was more severe with Russet Burbank.  At 200 lbs/ac N, only 57% of Russet 

Burbank yield was of marketable size in 2024, versus 75% of Elk River Russet yield.  Typically, about 90% 

of yield is marketable in both cultivars.  Accordingly, Elk River Russet had significantly more of its yield 

in tubers over 6 oz. than Russet Burbank.  A secondary cause of the difference in U.S. No. 1 yield between 

the two cultivars is an opposite difference in U.S. No. 2 yield, with Russet Burbank having five times the 

U.S. No. 2 yield of Elk River Russet at 200 lbs/ac N. 

 Poor tuber bulking in 2024 was caused in part by greater tuber set compared to 2023.  The number 

of tubers per plant at harvest increased from 8.1 to 9.8 for Elk River Russet and from 9.1 to 14.3 for Russet 

Burbank between 2023 and 2024.  Apparently, Russet Burbank has greater plasticity in tuber set than Elk 

River Russet.  In 2024, it is possible that resources for tuber production were more abundant early in the 

season, when tubers were set, than they were late in the season, when the plants were bulking the tubers 

they had set.  As a result, Russet Burbankôs stronger tuber set response turned out to be a disadvantage 

because this cultivar had effectively produced too many tubers to bulk relative to lower number of tubers 

per plant for Elk River Russet. 

 Certified grower seed for Elk River Russet was used in field evaluations at SPRF in 2023 and 2024.  

Because tuber bulking was unusually poor in 2024 (an issue that was widespread in the region), it is not 

clear whether the certified seed performs differently from the breeder seed.  However, Elk River Russetôs 

performance in 2023, in terms of tuber yield and quality, was generally not markedly different from its 

performance in 2020 and 2022.  However, there was a substantial difference in the prevalence of hollow 

heart, brown center, and common scab, all of which were less common in 2023 (and 2024) than 2020 and 

2022. 

 Based on visual examination of baked tubers and chemical tests on raw tubers, we did not find that 

Elk River Russet had a notably greater prevalence of after-cooking tuber darkening or deep-tissue 

chlorogenic acid (which causes after-cooking tuber darkening) than Russet Burbank.  The prevalence of 

tuber darkening is known to depend in part on growing conditions, and the fresh-market grower who 

observed this tendency in Elk River Russet in 2023 primarily grows cultivars other than Russet Burbank.  

The differences in weather, soil, and reference varieties between this growerôs field in 2023 and our study 

field in 2024 may all potentially explain the difference in Elk River Russetôs apparent susceptibility to 

darkening between the two.   
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Table 1.  Initial soil characteristics in the study field at SPRF in Becker, MN, in 2024. 

 

 

 

 

 

 

Table 2.  N rates applied to Elk River Russet and Russet Burbank plants at SPRF in Becker, MN, in 2024. 

 

 

 

 

1 Diammonium phosphate (18-46-0)   

Organic 

matter
Bray P

NH4OAc-

K

NH4OAc-

Ca

NH4OAc-

Mg

DTPA-  

Mn

DTPA-  

Fe

DTPA-  

Zn

DTPA-  

Cu

Hot water 

B
SO4

2--S

(%) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)

6.4 2.6 19 75 1097 200 24 31 2.3 0.8 0.3 9

0 - 6 inches

pH

As DAP
1
 at 

planting

As ESN
2
 at 

emergence
Total

40 40 80

40 160 200

40 40 80

40 160 200

N applied (lbs/ac)

Elk River 

Russet

Russet 

Burbank

Cultivar
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2 Environmentally Smart Nitrogen (44-0-0)   
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Figure 1.  Daily (a) and cumulative (b) rainfall and irrigation at the study site at SPRF in 2024. 
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Table 3.  Yield, size, and grade of Elk River Russet and Russet Burbank tubers grown with 80 or 200 

lbs/ac N at SPRF in 2024. 

 

 

  

 

Elk River 134 b 138 a 23 a 460 b 324 a 2 b 326 a 35 a 5 a 9.8 b

Burbank 274 a 82 b 8 b 547 a 250 b 23 a 273 b 16 b 2 b 14.3 a

80 218 a 77 b 6 b 466 b 231 b 16 a 247 b 18 b 1 b

200 190 b 143 a 25 a 541 a 342 a 9 b 351 a 33 a 6 a

80 176 ab 97 7 b 0 c 25 b 2 b

200 147 b 179 38 a 3 c 45 a 9 a

80 151 b 56 5 b 31 a 11 c 1 b

200 211 a 108 12 b 15 b 21 b 2 b

Cultivar
Total N applied 

(lbs/ac)

Yield (cwt/ac) % yield in tubers over:
Tubers / 

plantCulled 0-4 oz. 4-6 oz. 6-10 oz. 10-14 oz.
Over 14 

oz.
Total

U.S.    

No. 1

U.S.    

No. 2
Marketable 6 oz.

0.0002

10 oz.

Average of both 

rates

0 162 3

0 181 1

0.3716 <0.0001

0.0485 <0.0001 0.0105 <0.0001

Average of 

both cultivars

0 164 0 12.0

0 179 4 12.1

0.0128 0.3205 0.0021 0.0070 <0.0001Effect of cultivar (P-value) . <0.0001 0.2629

Russet 

Burbank

0 1

0 1

0.0016 <0.0001 0.0053 0.7015

Elk River 

Russet

0 0

0 6

9.9

9.8

0.0023 0.1478 0.0050 0.0006 0.0459Effect of N rate (P-value) . 0.0253

0.0282 0.1420 0.8973 0.2930 0.0094Effect of cultivar*N rate (P-value) . 0.3022 0.0237 0.1484

142

126

294

255

423

496

508

586

281

371

214

332

14.1

14.5

281

367

182

317

0.5562 0.0367 0.0289 0.5936
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Figure 2.  Total yield (a) and the percentage of total yield in tubers over 6 oz. (b) of Elk River Russet and 

Russet Burbank plants grown with 80 or 200 lbs/ac N at SPRF at five time points in 2024.  Error bars 

indicate Ñ standard error. 

Table 4.  Prevalence of tuber defects as well as tuber specific gravity and dry matter for Elk River Russet 

and Russet Burbank tubers grown with 80 or 200 lbs/ac N at SPRF in 2024. 

 

 

Table 5.  Average post-cooking tuber darkening (1= no darkening; 2 = minor darkening; 3 = major 

darkening) on each of five sampling dates, as well as chlorogenic acid detection scores of raw tubers (1 = 

none detected or specks; 2 = detected around edges of tuber or near stem; 3 = detected throughout flesh) 

on 31 July and at harvest, for Elk River Russet and Russet Burbank tubers grown with 80 or 200 lbs/ac N 

at SPRF in 2024. 

 

 

 

 

 

 

 

Elk River 1.0948 a 25.2 a

Burbank 1.0832 b 23.1 b

80

200

80 1.0968 a

200 1.0929 b

80 1.0816 c

200 1.0847 c

Prevalence (% of tubers)
Total N applied 

(lbs/ac)

Average of both 

rates

Cultivar

Effect of N rate (P-value)

Average of 

both cultivars

Effect of cultivar (P-value) 0.56740.5674

Common 

scab

Brown 

center

Hollow 

heart

4

2

4

2

0.5336

4

0.3370 0.7614 0.4738

0.0002<0.0001

Dry matter 

content 

(%)

Specific 

gravity

0

1

0.3370

1

0

2

4

0.5336

2

0.0319 0.1362

22.7

23.5

25.1

24.0

24.3

1.0892

1.0888

25.4

Effect of cultivar*N rate (P-value)

2

0

0

0

4

4

0.6578 0.6578 0.3370

Russet 

Burbank

Elk River 

Russet

1

4

4

1

4

4

Elk River 1.25 a

Burbank 1.00 b

80 1.00 b 1.06 b 2.33 a

200 1.25 a 1.33 a 1.92 b

80 1.00 b

200 1.50 a

80 1.00 b

200 1.00 b

1.50

1.83

1.83

1.67

1.67

1.83

1.00

1.38

1.00

1.00

1.83

1.83

1.19

1.00

1.00

1.00

1.00

1.00

1.00

1.19

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.19

1.00

1.06

1.13

1.13

1.25

1.00

1.00

1.00

1.06

1.00

1.06

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.13

1.00

1.25

1.00

1.00

1.13

0.5796 0.1682

1.00

1.50

1.13

1.15

2.17

2.00

2.50

1.83

0.1321 1.0000 1.0000 1.0000 0.1432 0.3774

Russet 

Burbank

Effect of cultivar*N rate 1.0000 0.3370 0.6627 0.0306

1.00

1.13

1.00

1.00

1.0000 0.1432 0.3774 0.5796 0.0401

Elk River 

Russet

1.00

1.00

1.00

1.00

0.6202

Average of 

both cultivars

Effect of N rate 1.0000 0.3370 0.6627 0.0306 0.0996 1.0000 1.0000

1.0000 1.0000 1.0000 0.1432 0.3774 0.5796Effect of cultivar 1.0000 0.3370 0.2046 0.0306 0.4511

8/28
9/18 

(harvest)
7/31

9/18 

(harvest)

Average of both 

rates

1.25

1.14 1.00

2.08

2.17

8/19 8/28
9/18 

(harvest)
7/31 8/8 8/19

Cultivar
Total N applied 

(lbs/ac)

Tuber darkening including bruising Tuber darkening excluding bruising Chlorogenic acid

7/31 8/8
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Effects of soil health management strategy and cultivar on potato yield and quality 
 

Carl Rosen, James Crants, Seonghyun Seo, and Matt McNearney 

Department of Soil, Water, and Climate, University of Minnesota 

 

Summary 

Managing farmland for improved soil health has been found to be economically beneficial in some 

corn and soybean systems. Potential benefits include reduced soil erosion, improved nutrient 

cycling and disruption of soil-borne disease cycles.  Because the adoption of reduced tillage 

practices is a major part of improving soil health in such systems, it is not known whether the gains 

from soil health management observed in corn and soybean systems pertain to potato systems.  

Addressing this question is a major goal of the Potato Soil Health Project.  As part of this project, 

the University of Minnesota established a field of experimental plots at the Sand Plain Research 

Farm (SPRF) in Becker, MN.  In a split-plot randomized complete block design, whole plots were 

defined by rotation (2- or 3-year) while subplots were defined by management system and potato 

cultivar.  In 2024, potatoes were grown for the third time in the 2-year rotation plots.  Russet 

Burbank and Russet Norkotah were grown under three management practices: (1) a conventional 

potato-soybean rotation with metam sodium fumigation in the fall before each potato year and (2) 

pro-microbial practices in which the soybean crop and fumigant were replaced with a field pea cash 

crop, a mustard biofumigant crop, a rye cover crop, and an application of aged turkey manure.  

Russet Burbank and Bannock Russet, which is resistant to Verticillium wilt, were grown under (3) 

conventional management without fumigation.  For both Russet Burbank and Russet Norkotah, the 

conventional management system resulted in greater total and marketable yields and a larger 

percentage of yield in tubers over 6 ounces than the pro-microbial system.  The conventional system 

also had a lower prevalence of common scab in Russet Norkotah.  Russet Burbank had higher total 

yield in the pro-microbial system than the no-fumigant system, but the two strategies produced 

similar marketable yields.  Bannock Russet without fumigation had the highest marketable yield 

and percentages of yield in tubers over 6 and 10 ounces in the study, and its tubers had the highest 

specific gravity and dry matter content.  These results suggest that the pro-microbial management 

approach used in this study does not provide the full benefits that soil fumigation does to tuber 

yield, but it produces better yield results than a conventional approach minus fumigation.  In terms 

of crop production, based on the results with Bannock Russet, the use of disease-resistant cultivars 

may be a better replacement for fumigation than a mustard crop, but for Russet Burbank, pro-

microbial management without chemical fumigation did confer benefits over conventional 

management without fumigation. 

 

Background 

 Maintaining and improving soil health is essential to the long-term sustainability of a cropping 

system.  A study released by the Soil Health Institute and Cargill in 2022 found that soil health management 

systems increased net income for 85% of farmers growing corn and 88% of farmers growing soybeans, 

with average increases of net income of $51.60 and $44.89 for corn and soy, respectively.  Because these 

gains depend largely on the adoption of reduced or no-till practices, however, it is not clear how applicable 

these results are to potato cropping systems, in which significant soil disturbance occurs at planting, hilling, 

and harvest in potato years. 
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 The goal of the Potato Soil Health Project is to evaluate the potential for soil-health-promoting 

practices to improve soil health in potato cropping systems, where low tillage is not an option.  One 

component of this project involves small-plot studies conducted by 8 university research teams across the 

country.  Each study evaluates 6 treatments in a 2-year rotation and 6 in a 3-year rotation.   

 In Minnesota, each of the two rotations has six treatments defined by cultivar and management 

approach.  Under the first management approach, Russet Burbank and Russet Norkotah were grown in 

conventional rotations, including soil fumigation with metam sodium in potato years and either a potato-

soybean two-year rotation or a potato-corn-soybean three-year rotation.  Under the second approach, the 

same cultivars were grown with microbiome-promoting practices, including (1) aged turkey manure 

applications in potato and corn years, (2) replacement of soy in the rotations with field peas followed by 

mustard as a biofumigant followed by a winter rye cover crop, and (3) no chemical fumigant after the first 

potato year.  Under the third approach, Russet Burbank and Bannock Russet were grown under a 

conventional regime like that used in the first approach except that no chemical fumigant was applied at 

any time. 

Potatoes were grown in 2019 and 2022 in the 3-year rotation and in 2020, 2022, and 2024 in the 2-

year rotation.  Here, we present the results from research plots in Minnesota for the third potato year of the 

2-year rotation (2024). 

 

Methods 

 The study was conducted at the University of Minnesotaôs Sand Plain Research Farm (SPRF) in 

Becker, MN, on a Hubbard loamy sand soil in 2024.  Prior to becoming part of SPRF, the field was in a 

three-year potato rotation for several decades.  It was known to be a poor field for potato production, 

presenting an opportunity to evaluate the potential for soil-health-promoting practices to improve both soil 

health and potato production in challenging fields.  The most recent pre-planting soil nutrient concentrations 

are presented in Table 1, while other soil characteristics are presented in Table 2. 

 A total of 12 treatments were applied in a split-plot randomized complete block design with whole 

plots defined by rotation and subplots defined by cultivar and soil health management approach.  Six 

treatments were applied within each of the two rotations (2-year and 3-year).  The results for the third potato 

year of the 2-year rotation are presented here. 

The six treatments in this rotation were defined by soil management system (conventional, pro-

microbial, or no fumigant) and cultivar (Russet Burbank, Russet Norkotah, or Bannock Russet).  Russet 

Burbank was selected because it is widely planted and well-studied, providing a good baseline for 

comparison.  Russet Norkotah was selected for its greater susceptibility to common scab compared to 

Russet Burbank, while Bannock Russet was selected for the non-fumigated treatment because it is highly 

resistant to potato early dying compared to Russet Burbank.  Each subplot was 30 feet long and 18 feet (6 

rows) wide.  The entire field was surrounded by a 3-foot buffer of potato plants to reduce edge effects.  The 

treatments are summarized in Table 3. 

The conventionally managed subplots were fumigated with metam sodium applied at 50 gallons/ac 

on October 24, 2023.  Aged turkey manure (4.3-4-4.2) was applied to the pro-microbially managed plots 

on April 11, 2024, at a rate of 3 T/ac, providing 135 lbs/ac total N, of which 94.5 lbs/ac N (70% of the total) 

was assumed to be available to plants in 2024.  In addition, 37.5 lbs/ac N was assumed to be released by 

manure applied in 2023, for a total of 132 lbs/ac N.  On 12 April, 200 lbs/ac MOP (0-0-60) and 200 lbs/ac 

SulPoMag (0-0-22-21S-11Mg) were broadcast over all plots, providing 164 lbs/ac K2O equivalent, 42 lbs/ac 

S, and 22 lbs/ac Mg.  All plots were tilled on April 12 and 18.   
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On April 19, all plots were planted with their assigned cultivar.  Rows were spaced 36 inches apart.  

Cut ñAò and whole ñBò 3-4-oz. seed pieces were planted with 12-inch spacing.  At planting, a fertilizer 

blend was mechanically banded in the entire field, providing 40 lbsĿac-1 N, 102 lbsĿac-1 P2O5, 181 lbsĿac-1 

K2O, 40 lbsĿac-1 S, 20 lbsĿac-1 Mg, 1 lbĿac-1 Zn, and 0.6 lbsĿac-1 B, supplied in the form of 173 lbsĿac-1 DAP 

(18-46-0), 141 lbsĿac-1 SulPoMag, 184 lbsĿac-1 MOP, 2 lbsĿac-1 ZnSO4 (17.5% S, 35.5% Zn), and 3 lbsĿac-

1 Boron 15 (15% B).  Weeds, diseases, and insects were controlled using standard practices.  Rainfall was 

supplemented with sprinkler irrigation using the checkbook method of irrigation scheduling.   

On May 16, 68 lbs/ac N was applied as side-dressed urea (46-0-0) in all treatments.  An additional 

132 lbs/ac N as urea was side dressed by hand in the conventional and no-fumigation treatments to match 

the N provided by manure in the pro-microbial plots so that 240 lbs/ac total available N had been applied 

to all treatments at this point in the season.  The rows were then hilled.  On 1 July, 20 lbs/ac N were applied 

as 28% UAN.  Additional UAN applications at 20 lbs/ac N were made in plots with Russet Burbank and 

Bannock Russet, which has a longer growing season than Russet Norkotah, on July18 and July 31. 

On August 8, vines were shredded with a flail mower in the Russet Norkotah plots.  Vines were 

beaten in the Russet Burbank and Bannock Russet plots on September 6.  All tubers were harvested on 

September 30 and sorted on October 4.   The tubers were sorted into five size categories: 0-4 oz., 4-6 oz., 

6-10 oz., 10-14 oz., and over 14 oz.  Tubers over 4 oz. were sorted into U.S. No. 1 and U.S. No. 2 categories 

based on USDA standards for processing potatoes.  Cull tubers were sorted into a single category, regardless 

of size.  The tuber sample in each size-grade category was weighed to estimate per-acre yield.   

A size-representative subsample twenty-five U.S. No. 1 tubers was collected from each plotôs 

harvest for internal quality assessments.  This subsample was used to estimate the prevalence of hollow 

heart, brown center, black scurf, and scab, as well as tuber specific gravity and dry matter content. 

Data were analyzed using the GLIMMIX procedure in SAS 9.4 (SAS Institute, Inc., 2016).  Only 

plots in the 2-year rotation were included in the analyses.  Four plots in the 2-year rotation that were located 

around a flooded spot were also excluded.  Each response variable was analyzed as a function of treatment 

as a fixed effect and block as a random effect.  Denominator degrees of freedom were determined by the 

Kenward-Roger method, and the data were assumed to be normally distributed.  Pairwise comparisons were 

evaluated where the effect of treatment was at least marginally significant (P < 0.10).  Pairs of treatments 

were considered significantly different if the P value of the pairwise comparison was less than 0.10.  

Two contrast statements were applied to each dependent variable to compare (1) the Russet 

Burbank and Russet Norkotah plots, limited to the conventional and pro-microbial management treatments, 

and (2) the conventional and pro-microbial management treatments across both Russet Burbank and Russet 

Norkotah. 

 

Results 

Rainfall and irrigation 

 Daily and cumulative rainfall and irrigation in the study field from April through October are 

presented in Figure 1.  The average rainfall totals for these months in Becker, MN, are 2.83ò in April, 3.78ò 

in May, 4.37ò in June, 3.91ò in July, 4.15ò in August, 3.07ò in September, and 2.56ò in October, for a total 

of 24.67ò.  In 2024, the season was much wetter than average until September, with above-average rainfall 

in April (4.93ò), June (7.67ò), and August (6.14ò), close to average rainfall in May (4.39ò) and July (4.25ò), 

and less rainfall than average in September (0.28ò) and October (1.75ò), for a total of 29.30ò of rainfall.  

After April, rainfall was supplemented with irrigation as needed, supplying 1.05ò of water in May, 1.46ò in 

June, 4.85ò in July, 2.25ò in August, and 1.05ò in September, for a total of 10.66ò of irrigation between 
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planting and harvest.  During that period, 24.84ò of rain fell, for a total of 35.50 inches of water between 

planting and harvest. 

 

Tuber yield, size, and grade 

 Results for tuber yield, size, and grade are presented in Table 4.  Among the treatments receiving 

conventional or pro-microbial management, Russet Burbank produced higher total yields than Russet 

Norkotah, but this different was not significant for U.S. No. 1 or total marketable yield.  Russet Burbank 

had significantly less of its total yield in tubers over 6 or 10 ounces than Russet Norkotah did, and Russet 

Burbank had substantially more tubers per plant. 

 The conventional management plots produced significantly higher total and marketable yield and 

larger percentages of yield in tubers over 6 or 10 ounces than the pro-microbial plots.  These two 

management approaches had no effect on the number of tubers per plant, indicating that the differences in 

yield between them were due to differences in tuber bulking.  A survey of crop and weed cover in the Russet 

Norkotah plots just prior to vine kill found that crop cover was lower and weed cover was much higher in 

the pro-microbial plots than the conventional plots (data not shown).  Overall canopy cover was also found 

to be lower in the pro-microbial plots than the conventional plots from mid-June to mid-July (data not 

shown).  Thus, yields may have been lower in the pro-microbial plots because of greater competition from 

weeds, or both the lower yields and the higher weed cover may have been due to poorer potato vine growth 

in the pro-microbial plots. 

 In plots under the no-fumigant management approach, Bannock Russet had significantly higher 

total and marketable yields and more of its yield in tubers over 6 and 10 ounces than Russet Burbank.  

Russet Burbank under this regime had more tubers per plant than Bannock Russet, but fewer tubers per 

plant than Russet Burbank had under conventional or pro-microbial management.  While Bannock Russet 

without fumigation had lower total yield than Russet Burbank under conventional or pro-microbial 

management, it had significantly higher marketable yield and higher percentages of total yield over 6 and 

10 ounces than any other treatment.  Russet Burbank had lower total and marketable yield under the no-

fumigant management regime than the conventional regime and lower total yield than under the pro-

microbial regime. 

 Russet Burbank showed exceptionally poor bulking in this season.  The same issue was observed 

in other studies at SPRF, as well as multiple grower fields in central Minnesota.  This may be attributable 

to the wet summer weather, together with the particular growth patterns of this cultivar.  In studies at SPRF, 

Russet Burbank set between 10 and 14 tubers per plant (9.9 ï 12.4 tubers in this study), as compared to 6 

to 10 tubers for other cultivars (6.6 ï 7.4 tubers in this study).   

Possibly, heavy rainfall around hilling released abundant N from the urea applications made at that 

time, promoting tuber set but leaving little remaining N for tuber bulking.  Cultivars like Russet Burbank 

that increased tuber set greatly in response to abundant early-summer N would have had fewer resources 

per tuber for bulking later in the summer, after mineral N had leached from the soil.  Low canopy cover 

may also have limited tuber bulking in 2024.  Based on Canopeo readings (not presented), canopy dieback 

also occurred early in 2024 compared to 2023, which was a dry year.  This probably reduced the availability 

of carbohydrates for tuber bulking later in the season. 

 

Tuber quality 

 Results for tuber quality are presented in Table 5.  Russet Norkotah had a higher prevalence of 

hollow heart and brown center than the other two cultivars.  The plots receiving pro-microbial management 
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practices had a somewhat lower prevalence of brown center than those under conventional management, 

with the linear contrast approaching statistical significance.   

As expected, Russet Norkotah had a higher prevalence of common scab than Russet Burbank.  

Among the Russet Norkotah treatments, the treatment under pro-microbial management had a significantly 

higher prevalence of common scab than the treatment under conventional management.  This is a known 

side effect of manure application, and it is also consistent with the higher soil pH observed in the pro-

microbial plots compared to the conventional plots in April 2022.   

Bannock Russet tubers had the highest specific gravity of the three cultivars, followed by Russet 

Burbank, then Russet Norkotah.  Bannock Russet also had the highest tuber dry matter content, while Russet 

Burbank and Russet Norkotah did not differ significantly by this metric. 

Comparing the conventional treatment with the non-fumigated treatment, fumigation had no effect 

on the prevalence of any of the disease symptoms evaluated in this study.  In the case of vascular browning 

as a symptom of Verticillium infection, it is possible that this symptom is not a reliable indicator of the 

disease.  There are other possible causes of vascular browning, and Verticillium infection does not 

consistently cause vascular browning in the tubers.  Other metrics, such as late-summer canopy cover, may 

be better indicators of Verticillium wilt. 

 

Conclusions 

 One goal of the Potato Soil Health Project is to explore approaches to improving soil health in 

potato cropping systems for both their effectiveness in improving soil health and their economic viability.  

The approaches employed in the University of Minnesotaôs experimental plots at SPRF included the 

application of aged manure, the use of a more efficient N-fixing rotation crop (field peas) in place of 

soybeans, the use of a biofumigant crop (mustard) in place of chemical fumigation and expanded use of 

winter rye cover crops. 

 The results from 2024 indicate that the strategy for soil health improvement in this study was better 

in terms of potato crop production than simply removing soil fumigation from an otherwise conventional 

management regime.  Total yield in Russet Burbank was higher under pro-microbial management than it 

was under conventional management minus fumigation.  However, for both Russet Burbank and Norkotah 

Russet, the conventional management regime with fumigation outperformed the pro-microbial regime in 

terms of total and marketable yield and the percentage of yield over 6 ounces.  Conventional management 

also controlled common scab in Norkotah Russet better than pro-microbial management. 

 In the first potato years in the study (2019 for the 3-year rotation and 2020 for the 2-year rotation), 

in which the conventional and pro-microbial treatments were both fumigated with metam sodium, the two 

treatments performed similarly.  In 2022, in both rotations, the conventional treatment with fumigation 

performed better (though not statistically significantly so in all respects) than the pro-microbial treatment 

with Russet Burbank, while the opposite was true with Russet Norkotah.  In 2024, the pro-microbial 

treatment performed worse for both cultivars.  This may suggest that the pro-microbial strategy controls 

pathogens sufficiently to permit less frequent fumigation, but not well enough to forego fumigation entirely. 

 Bannock Russet under the no-fumigation management strategy had the highest marketable yield 

and percentages of yield in tubers over 6 and 10 ounces, by far, and its tubers had the highest specific 

gravity and dry matter content.  This indicates that, while pro-microbial management conferred advantages 

over conventional management without fumigation for Russet Burbank, growing disease-resistant cultivars 

may be the better strategy for controlling disease issues. 
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Table 1.  Average soil nutrient concentrations in each treatment in April 2022, the most recent pre-

planting sample for which data are available. 

 

 

 

 

Table 2.  Average soil pH, salts, CEC, and soil biology metrics in April 2022, the most recent pre-planting 

sample for which data are available. 

 

 

 

  

Management Cultivar

Russet Burbank 0.9 a 16 ab

Russet Norkotah 0.9 a 16 a

Russet Burbank 0.5 c 13 bcd

Russet Norkotah 0.6 bc 15 abc

Russet Burbank 0.7 ab 12 d

Bannock Russet 0.9 a 13 cd

Conventional

Promicrobial

No fumigant
0.62

0.30

0.28

0.32

0.30

0.30

0.25

0.92

1.06

0.74

0.96

0.87

1.35

1.13

1.10

1.07

1.01

1.04

0.94

1.47

1.41

1.43

1.41

1.37

10

15

14

15

13

15

12

10

10

10

9

10

1145

234

246

240

220

232

214

1229

1276

1310

1149

1165

137

165

201

176

177

202

161

138

138

136

129

143

6.1

41

45

44

44

41

39

7.0

8.3

6.8

6.3

8.4

Effect of treatment (P-value)

Burbank v. Norkotah

Conventional v. Promicrobial

B 

(ppm)

Cu 

(ppm)

Mn 

(ppm)

Iron 

(ppm)

Zinc 

(ppm)

S 

(ppm)

Na 

(ppm)

Mg 

(ppm)

Ca 

(ppm)
K (ppm)

P-Bray 

(ppm)

P-Olsen 

(ppm)

NH4
+
-N 

(ppm)

NO3
-
-N 

(ppm)

0.0060

0.6415

0.0003

0.7960

0.2709

0.8391

0.6266

0.9796

0.8412

0.9805

0.5728

0.8354

0.6484

0.1750

0.7497

0.7488

0.7553

0.3501

0.8226

0.5217

0.4809

0.9444

0.8408

0.8408

0.0074

0.1588

0.0574

0.8714

0.8467

0.7689

0.4482

0.2592

0.2453

0.6947

0.9777

0.3118

0.3257

0.8418

0.6035

0.5601

0.7171

0.7171

Russet Burbank 6.5 c 0.17 a 4.8 b 70 abc

Russet Norkotah 6.6 bc 0.16 ab 5.4 ab 69 bc

Russet Burbank 6.8 ab 0.11 c 5.5 ab 69 bc

Russet Norkotah 6.9 a 0.12 bc 6.1 a 69 c

Russet Burbank 6.8 ab 0.11 c 5.1 b 70 ab

Bannock Russet 6.8 a 0.16 ab 4.9 b 71 a

OM (%)
ACE protein 

(mg/g)

POxC 

(ppm)

Organic 

C (%)

Inorganic 

C (%)

Total C 

(%)
pH

Salts 

(mmhos/cm)
Management Cultivar

Conventional

Promicrobial

4.3

3.8

4.1

3.8

2.5

2.3

Base saturation (%)

1.5

1.3

1.2

139

147

154

161

157

126

22.2

22.2

21.9

0.5

0.5

0.6

2.8

Conventional v. Promicrobial 0.17130.3717 0.0293 0.3578 0.2711 0.6861 0.0867 0.4217 0.9942 0.4779 0.9629 0.1729

0.28390.3738 0.6353 0.6581 0.5852 0.12720.6737 0.0507 0.2586 0.2878 0.9641

Effect of treatment (P-value) 0.30120.7977 0.0459 0.0253 0.2530 0.9326 0.2925 0.7425 0.9685 0.6560 0.3165 0.4635

0.1 1.1 3218.2

8.5 22.9 0.5 1.9 1.2 0.1 1.2 400

0.1 1.3 3628.3

9.2 21.7 0.5 2.2 1.4 0.2 1.4 407

0.1 1.5 415 4.89.2

8.8 22.1 0.5 2.8 1.3 0.1 1.2 344

CEC 

(meq/100g)

4.3

HK Ca Mg Na

Burbank v. Norkotah 0.8861

24-hour 

CO2 (ppm)

No fumigant

0.0066

0.0880

2.2

2.7

2.5

1.9

2.0

1.9

0.0007

0.3527

0.3039

0.1314

0.0128

0.8356

0.0022
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Table 3.  Summary of treatments applied in the 2-year rotation in Minnesotaôs Potato Soil Health Project 

research field through 2024. 

 

 

 

Management Cultivar 2018 2019 2020 2021 2022 2023 2024

Russet Burbank Soybeans
Soybeans, fall 

Vapam

Russet Burbank, 

fall rye
Soybeans, fall Vapam

Russet Burbank, 

fall rye
Soybeans, fall Vapam

Russet Burbank, 

fall rye

Russet Norkotah Soybeans
Soybeans, fall 

Vapam

Russet Norkotah, 

fall rye
Soybeans, fall Vapam

Russet Norkotah, 

fall rye
Soybeans, fall Vapam

Russet Norkotah, 

fall rye

Russet Burbank Soybeans
Soybeans, fall 

Vapam

Manure, Russet 

Burbank, fall rye

Field peas, then mustard 

cv 'Caliente 199', fall rye

Manure, Russet 

Burbank, fall rye

Field peas, then mustard 

cv 'Caliente 199', fall rye

Manure, Russet 

Burbank, fall rye

Russet Norkotah Soybeans
Soybeans, fall 

Vapam

Manure, Russet 

Norkotah, fall rye

Field peas, then mustard 

cv 'Caliente 199', fall rye

Manure, Russet 

Norkotah, fall rye

Field peas, then mustard 

cv 'Caliente 199', fall rye

Manure, Russet 

Norkotah, fall rye

Russet Burbank Soybeans Soybeans
Russet Burbank, 

fall rye
Soybeans

Russet Burbank, 

fall rye
Soybeans

Russet Burbank, 

fall rye

Bannock Russet Soybeans Soybeans
Bannock Russet, 

fall rye
Soybeans

Bannock Russet, 

fall rye
Soybeans

Bannock Russet, 

fall rye

Conventional

No fumigant

Pro-microbial
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Figure 1.  (a) Daily and (b) cumulative rainfall and irrigation in April through October at Minnesotaôs 

Potato Soil Health Project experimental site at SPRF in 2024. 

Table 4.  Effects of cultivar and soil health management practices on tuber yield, size, and grade in the 2-

year rotations of the Potato Soil Health Project field at SPRF in 2024. 
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Table 5.  Effects of cultivar and soil health management practices on tuber defects, specific gravity, and 

dry matter content in the 2-year rotations of the Potato Soil Health Project field at SPRF in 2024. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Russet Burbank 216 b 151 a 87 b 10 bc 0 b 464 a 243 b 5 a 248 b 21 c 2 c 12.2 a

Russet Norkotah 115 c 105 bc 93 b 16 b 3 b 332 c 216 b 1 c 217 b 33 b 6 b 7.4 c

Russet Burbank 258 a 123 b 35 c 1 c 0 b 416 b 156 c 2 bc 158 c 8 d 0 c 12.4 a

Russet Norkotah 128 c 82 d 44 c 6 bc 0 b 259 d 129 c 1 bc 131 c 19 c 2 c 6.6 c

Russet Burbank 193 b 109 bc 48 c 3 c 0 b 352 c 155 c 4 ab 160 c 14 cd 1 c 9.9 b

Bannock Russet 76 d 94 cd 163 a 71 a 14 a 418 b 334 a 7 a 342 a 59 a 20 a 7.2 c

<0.0001 <0.0001 <0.0001

Burbank v. Norkotah 0.8577 <0.0001 0.0001

10 oz

<0.00010.4906 0.2401 0.4371 <0.0001 0.1593 0.0802 0.1288 0.0003 0.0099

Effect of treatment (P-value) 0.1853 <0.0001 0.0006 <0.0001 <0.0001 <0.0001

Conventional v. Promicrobial 0.7744 0.0158 0.0082

Management Cultivar
Yield (CWT·ac-1)

Culled 0 - 4 oz. 4 - 6 oz. 6 - 10 oz. 10 - 14 oz. > 14 oz. Total US No. 1 US No. 2 Marketable

<0.0001 <0.0001 0.0095 <0.0001

0.4678

0

0.5

1.0

0.5

0.1

0

<0.0001 0.0534 0.2657 0.0023 0.0001 0.3263 0.0001 <0.0001 0.0048

Conventional

Promicrobial

No fumigant

% yield in tubers over: Tubers / 

plant6 oz.

Russet Burbank 6 bc 6 b 2 c 1.0695 b 18.4 c

Russet Norkotah 29 a 29 a 10 b 1.0652 c 18.6 c

Russet Burbank 0 c 0 b 1 c 1.0676 b 18.9 bc

Russet Norkotah 18 ab 18 a 17 a 1.0656 c 20.1 b

Russet Burbank 4 c 4 b 2 c 1.0680 b 18.2 c

Bannock Russet 5 c 2 b 4 bc 1.0848 a 22.7 a

Conventional

Promicrobial

No fumigant

Management Cultivar
Specific 

gravity

Dry matter 

(%)

% of tubers

<0.0001

Burbank v. Norkotah 0.0007 0.00110.7427 0.0005 0.2220

Conventional v. Promicrobial 0.1075 0.31210.7427 0.3660 0.09640.0916 1.0000

0.0039 0.0123 <0.0001Effect of treatment (P-value)

Hollow 

heart

Brown 

center

Common 

scab

Verticillium 

brown ring

Black 

scurf

0

0.0017 0.1551

0.0004 1.0000

0

2

6

0

0

0.3099

0

0

5

0

0

0
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5ŀǘŀ wŜǇƻǊǘ ŦƻǊ ¦ab tƻǘŀǘƻ .ǊŜŜŘƛƴƎ tǊƻƎǊŀƳ нлнп 

5ǊΦ [ŀǳǊŀ {Ƙŀƴƴƻƴ 

5ŜǇŀǊǘƳŜƴǘ ƻŦ IƻǊǝŎǳƭǘǳǊŀƭ {ŎƛŜƴŎŜ 

¦ƴƛǾŜǊǎƛǘȅ ƻŦ aƛƴƴŜǎƻǘŀ 

олс !ƭŘŜǊƳŀƴ Iŀƭƭ 

мфтл CƻƭǿŜƭƭ !ǾŜΣ {ŀƛƴǘ tŀǳƭ ab ррмлп 

ƭƳǎƘŀƴƴƻƴϪǳƳƴΦŜŘǳ 

слуπоооπрнмс 

 

aŜŀǎǳǊƛƴƎ ōǊǳƛǎŜ ƛƴ ǘƘŜ ¦ab ōǊŜŜŘƛƴƎ ǇǊƻƎǊŀƳ 

!ƛƳΥ .ǊǳƛǎŜ Ƙŀǎ ǊŜǇŜŀǘŜŘƭȅ ōŜŜƴ ƛŘŜƴǝŬŜŘ ŀǎ ŀ ƳŀƧƻǊ ŎƻƴŎŜǊƴ ƻŦ Ǉƻǘŀǘƻ ƎǊƻǿŜǊǎ ƛƴ aƛƴƴŜǎƻǘŀ ŀƴŘ bƻǊǘƘ 

5ŀƪƻǘŀΦ Lƴ мффрΣ ǘƘŜ ŜǎǝƳŀǘŜŘ Ŏƻǎǘ ƻŦ ōǊǳƛǎŜ ǿŀǎ Ϸнфу Ƴƛƭƭƛƻƴ ό¢ƘƻǊƴǘƻƴ ϧ .ƻƘƭΣ мффрύΦ Lǘ Ƙŀǎ ōŜŜƴ 

ŜǎǝƳŀǘŜŘ ǘƘŀǘ ŀ мл҈ ǊŜŘǳŎǝƻƴ ƛƴ ōǊǳƛǎŜ ǿƻǳƭŘ ƛƴŎǊŜŀǎŜ ǊŜǘǳǊƴǎ ǘƻ ǘƘŜ ƛƴŘǳǎǘǊȅ ōȅ моп Ƴƛƭƭƛƻƴ ŘƻƭƭŀǊǎ 

όIƻƭƭƛƴƎǎƘŜŀŘ Ŝǘ ŀƭΦΣ нлнлύΦ ²ƘƛƭŜ ŀƎǊƻƴƻƳƛŎ ǇǊŀŎǝŎŜǎ όYŀǊƭǎǎƻƴ Ŝǘ ŀƭΦΣ нллсύΣ ƘŀƴŘƭƛƴƎ ό·ƛŜ Ŝǘ ŀƭΦΣ нлнлύΣ 

ŀƴŘ ǎǘƻǊŀƎŜ ŎƻƴŘƛǝƻƴǎ ό{ƘŜǧȅ Ŝǘ ŀƭΦ мффмΣ aǳǘƘǳƪǳƳŀǊŀǇǇŀƴ Ŝǘ ŀƭΦ мффпΣ YŜƭŘŜǊƳŀƴ нлмтύ ƘŜƭǇ 

ƳƛǝƎŀǘŜ ōǊǳƛǎŜΣ ōǊǳƛǎŜ ŎƻƴǝƴǳŜǎ ǘƻ ōŜ ŀ ƳŀƧƻǊ ǇǊƻōƭŜƳ ŦƻǊ ǘƘŜ ƛƴŘǳǎǘǊȅ ό[ŀǘƘƛƳΣ нлмфύΦ .ǊǳƛǎŜ 

ǎǳǎŎŜǇǝōƛƭƛǘȅ ŘƛũŜǊǎ ōŜǘǿŜŜƴ Ǉƻǘŀǘƻ ǾŀǊƛŜǝŜǎ όIŜƴŘǊƛŎƪǎ Ŝǘ ŀƭΦΣ нлннύΣ ƛƴŘƛŎŀǝƴƎ ǇƻǘŜƴǝŀƭ ŦƻǊ ōǊǳƛǎŜ 

ƳƛǝƎŀǝƻƴ ǘƘǊƻǳƎƘ ōǊŜŜŘƛƴƎΦ 

 ¢ƘŜ ŜŎƻƴƻƳƛŎ ƛƳǇŀŎǘ ƻŦ ōǊǳƛǎŜ ƳŀƪŜǎ ƛǘ ŀ ŘŜǎƛǊŀōƭŜ ōǊŜŜŘƛƴƎ ǘŀǊƎŜǘ ŀƴŘ ǘƘŜ ƎŜƴŜǝŎ ŀǎǇŜŎǘ ƻŦ 

ōǊǳƛǎŜ ǎǳǎŎŜǇǝōƛƭƛǘȅ ƳŀƪŜǎ ōǊŜŜŘƛƴƎ ǇƻǎǎƛōƭŜΦ IƻǿŜǾŜǊΣ ƛƴ ƻǊŘŜǊ ǘƻ ōǊŜŜŘ ŦƻǊ ŀ ǘǊŀƛǘ ǿŜ ŬǊǎǘ Ƴǳǎǘ ōŜ ŀōƭŜ 

ǘƻ ƳŜŀǎǳǊŜ ƛǘ ƛƴ ŀ ǇǊŜŎƛǎŜΣ ŀŎŎǳǊŀǘŜΣ ŀƴŘ ǉǳŀƴǝǘŀǝǾŜ ƳŀƴƴŜǊΦ  hǳǊ ǇǊŜǾƛƻǳǎ ŜũƻǊǘǎ ǘƻ ŘŜǾŜƭƻǇ ƳŜǘƘƻŘǎ 

ǘƻ ǉǳŀƴǝŦȅ ǉǳŀƭƛǘȅ ǘǊŀƛǘǎ Ƙŀǎ ƛƴŎǊŜŀǎŜŘ ƻǳǊ ŀōƛƭƛǘȅ ǘƻ ǎŜƭŜŎǘ ŦƻǊ ǘƘƻǎŜ ǘǊŀƛǘǎΣ ōȅ ƛƳǇǊƻǾƛƴƎ ƘŜǊƛǘŀōƛƭƛǘȅΦ CƻǊ 

ŜȄŀƳǇƭŜΣ ǎƘŀǇŜ ǊŀǘŜŘ Ǿƛǎǳŀƭƭȅ ƻƴ ŀƴ ƻǊŘƛƴŀƭ ǎŎŀƭŜ ŦƻǊ ŦǊŜǎƘ ƳŀǊƪŜǘ ŎƭƻƴŜǎ ƛƴ ƻǳǊ ōǊŜŜŘƛƴƎ ǇǊƻƎǊŀƳ ƘŀŘ ŀ 

ƘŜǊƛǘŀōƛƭƛǘȅ ƻŦ лΦосΣ ǿƘƛƭŜ ŀ ŘƛƎƛǘŀƭ ƳŜŀǎǳǊŜ ƻŦ ǊƻǳƴŘƴŜǎǎ ƻƴ ǘƘƻǎŜ ǎŀƳŜ ŎƭƻƴŜǎ ƘŀŘ ŀ ƘŜǊƛǘŀōƛƭƛǘȅ ƻŦ лΦсп 

όaƛƭƭŜǊ Ŝǘ ŀƭΦΣ нлннύΦ ¦ǎƛƴƎ ƛƳŀƎŜ ŀƴŀƭȅǎƛǎ ǇƘŜƴƻǘȅǇŜǎ Ƙŀǎ ŀƭǎƻ ŀƭƭƻǿŜŘ ǳǎ ǘƻ ōǳƛƭŘ ƎŜƴƻƳƛŎ ǇǊŜŘƛŎǝƻƴ 

ƳƻŘŜƭǎ ŦƻǊ ǉǳŀƭƛǘȅ ǘǊŀƛǘǎ ό¸ǳǎǳŦ Ŝǘ ŀƭΦΣ нлнпύΣ ŦƻǊ ǿƘƛŎƘ ǇǊŜŘƛŎǝƻƴ ŀŎŎǳǊŀŎȅ Ƙŀǎ ƘƛǎǘƻǊƛŎŀƭƭȅ ōŜŜƴ ƭƻǿ 

ό{ƻƻŘ Ŝǘ ŀƭΦΣ нлнлύΦ  

 ²Ŝ ŀƛƳŜŘ ǘƻ ŘŜǾŜƭƻǇ ŀ ǇǊƻǘƻŎƻƭ ŦƻǊ ǉǳŀƴǝǘŀǝǾŜƭȅ ƳŜŀǎǳǊƛƴƎ ōƭŀŎƪǎǇƻǘ ōǊǳƛǎŜ ǎǳǎŎŜǇǝōƛƭƛǘȅ ŀǎ ŀ 

ŬǊǎǘ ǎǘŜǇ ǘƻǿŀǊŘ ōǊŜŜŘƛƴƎ ŦƻǊ ōǊǳƛǎŜ ǊŜǎƛǎǘŀƴŎŜΦ 

 

aŜǘƘƻŘǎΥ ²ƛǘƘ ǘƘŜ Ǝƻŀƭ ƻŦ ōŜƛƴƎ ǇǊŜǇŀǊŜŘ ŦƻǊ ǇƘŜƴƻǘȅǇƛƴƎ ŀǘ ƘŀǊǾŜǎǘΣ ǿŜ ǇǳǊŎƘŀǎŜŘ ǊŜŘ ŀƴŘ ȅŜƭƭƻǿ 

ŦǊŜǎƘ ƳŀǊƪŜǘ ǇƻǘŀǘƻŜǎ ŀǘ ŀ ƎǊƻŎŜǊȅ ǎǘƻǊŜ ǘƻ ŜȄǇŜǊƛƳŜƴǘ ǿƛǘƘ ƻǾŜǊ ǘƘŜ ǎǳƳƳŜǊΦ ²Ŝ ŀƭǎƻ ǇǳǊŎƘŀǎŜŘ ŀ 

ŎƭƻǘƘŜǎ ŘǊȅŜǊ ǿƛǘƘ ŀ ƘŜŀǘƭŜǎǎ ǎŜǩƴƎ ǘƻ ǳǎŜ ŀǎ ŀ ǘǳƳōƭŜǊΦ tǊŜπǘǳƳōƭƛƴƎΣ ŀƭƭ ǘǳōŜǊǎ ǿŜǊŜ ƳŀƛƴǘŀƛƴŜŘ ŀǘ плC 

ŦƻǊ ŀǘ ƭŜŀǎǘ пу ƘƻǳǊǎ ƛƴ ŀ ŎƻƭŘ ǊƻƻƳΦ ¢ǳōŜǊǎ ǿŜǊŜ ǘƘŜƴ ǘǳƳōƭŜŘ ŦƻǊ рΣ мл ƻǊ нл ƳƛƴǳǘŜǎ ŀƴŘ ǘƘŜƴ ǎǘƻǊŜŘ ŀǘ 

mailto:lmshannon@umn.edu


то  

  

ŜƛǘƘŜǊ тл ƻǊ усC ƛƴ ŀ ƎǊƻǿǘƘ ŎƘŀƳōŜǊ ŦƻǊ пу ƘƻǳǊǎΦ ¢Ƙƛǎ ǊŜǎǳƭǘŜŘ ƛƴ ŀ ǘƻǘŀƭ ƻŦ ǎƛȄ ŘƛũŜǊŜƴǘ ǘǊŜŀǘƳŜƴǘǎ 

ŀŎŎƻǳƴǝƴƎ ŦƻǊ ŀƭƭ ǇƻǎǎƛōƭŜ ŎƻƳōƛƴŀǝƻƴǎ ƻŦ ǘǳƳōƭŜ ƭŜƴƎǘƘǎ ŀƴŘ Ǉƻǎǘ ǘǳƳōƭŜ ǎǘƻǊŀƎŜ ǘŜƳǇŜǊŀǘǳǊŜǎΦ !ƊŜǊ 

ƎǊƻǿǘƘ ŎƘŀƳōŜǊ ǎǘƻǊŀƎŜ ŀƭƭ ǘǳōŜǊǎ ǿŜǊŜ ǇŜŜƭŜŘ ǳǎƛƴƎ ŀƴ ŜƭŜŎǘǊƛŎ Ǉƻǘŀǘƻ ǇŜŜƭŜǊΣ ƘŀƭǾŜŘΣ ŀƴŘ 

ǇƘƻǘƻƎǊŀǇƘŜŘ ƛƴ ŀ tƘƻǘƻǎƛƳƛƭŜ нлл ƭƛƎƘǘōƻȄΣ ǿƛǘƘ ŀ /ŀƴƻƴ wŜōŜƭ ¢сƛ ŎŀƳŜǊŀ ǳǎƛƴƎ ŀ нпƳƳ ƭŜƴǎΣ L{h мллΣ 

мκол ǎŜŎ ǎƘǳǧŜǊ ǎǇŜŜŘ ŀƴŘ ŀǇŜǊǘǳǊŜ ŦκрΦсΣ ŀƴŘ ŀ ǿƘƛǘŜ ōŀŎƪƎǊƻǳƴŘ ό/ŀǊŀȊŀπIŀǊǘŜǊ ϧ 9ƴŘŜƭƳŀƴΣ нлнлύΦ 

 .ǊǳƛǎŜǎ ǿŜǊŜ ƛŘŜƴǝŬŜŘ ǳǎƛƴƎ LƳŀƎŜW ŀƴŘ ǉǳŀƴǝŬŜŘ ōŀǎŜŘ ƻƴ ŀƴ ƛƴŘŜȄ ǿƘƛŎƘ ƳǳƭǝǇƭƛŜǎ ǘƘŜ 

ǇŜǊŎŜƴǘ ƻŦ ǘƘŜ ǘǳōŜǊ ŎƻǾŜǊŜŘ ƛƴ ōǊǳƛǎŜ ōȅ ǘƘŜ ŘŜƎǊŜŜ ƻŦ ŘƛǎŎƻƭƻǊŀǝƻƴΦ {ǳŎŎŜǎǎ ƻŦ ŀ ǇǊƻǘƻŎƻƭ ǿŀǎ 

ŘŜǘŜǊƳƛƴŜŘ ōŀǎŜŘ ƻƴ ƛǘǎ ŀōƛƭƛǘȅ ǘƻ ŎƻƴǎƛǎǘŜƴǘƭȅ ǇǊƻŘǳŎŜ ōǊǳƛǎŜ ǿƛǘƘƻǳǘ ƎŜƴŜǊŀǝƴƎ ŜȄǘŜǊƴŀƭ ŘŀƳŀƎŜΣ ǎǳŎƘ 

ǘƘŀǘ ōǊǳƛǎŜ ǿŀǎ ǇǊŜǎŜƴǘ ōǳǘ ǾŀǊƛŀōƭŜ ŀŎǊƻǎǎ ƛƴŘƛǾƛŘǳŀƭǎΦ ²ƛǘƘ ǘƘƛǎ Ǝƻŀƭ ƛƴ ƳƛƴŘ ǿŜ ǊŜŘǳŎŜŘ ǘƘŜ ǘǳƳōƭŜ 

ǝƳŜ ŀƴŘ ǎǘƻǊŀƎŜ ǘŜƳǇŜǊŀǘǳǊŜ ƻŦ ǘǳōŜǊǎ ŦǊŜǎƘƭȅ ƘŀǊǾŜǎǘŜŘ ŦǊƻƳ ǘƘŜ ŬŜƭŘ ŀǎ ǘƘŜȅ ǿŜǊŜ ŜŀǎƛŜǊ ǘƻ ōǊǳƛǎŜΦ  

 !ǎ ǇŀǊǘ ƻŦ ƻǳǊ ŀƴƴǳŀƭ ȅƛŜƭŘ ǘǊƛŀƭǎΣ ŀƭƭ ŎƭƻƴŜǎ ŦǊƻƳ ŬŜƭŘ ȅŜŀǊ о όC¸оύ ƻƴ ǿŜǊŜ ƎǊƻǿƴ ƛƴ мр Ƙƛƭƭ Ǉƭƻǘǎ 

ŀǘ ǘƘŜ {ŀƴŘ tƭŀƛƴǎ wŜǎŜŀǊŎƘ CŀǊƳ ό{twCύ ƛƴ .ŜŎƪŜǊ abΦ hǳǊ ŦǊŜǎƘ ƳŀǊƪŜǘ Ǉƭƻǘ ƛƴŎƭǳŘŜŘ ōƻǘƘ ǊŜŘ ǎƪƛƴ 

ǿƘƛǘŜ ƅŜǎƘ ŎƭƻƴŜǎ ŀƴŘ ȅŜƭƭƻǿ ǎƪƛƴ ȅŜƭƭƻǿ ƅŜǎƘ ŎƭƻƴŜǎΦ  ¢Ƙƛǎ ǎŜǘ ƛƴŎƭǳŘŜŘ нп ŎƭƻƴŜǎ ŦǊƻƳ ƻǳǊ ōǊŜŜŘƛƴƎ 

ǇǊƻƎǊŀƳΣ мо ŦǊƻƳ b5{¦Σ мо ŦǊƻƳ a{¦Σ ǘǿƻ ŦǊƻƳ ¦² ŀƴŘ ŜƛƎƘǘ ŎƘŜŎƪǎ όwŜŘ bƻǊƭŀƴŘΣ 5ŀǊƪ wŜŘ bƻǊƭŀƴŘΣ 

/ƻƭǳƳōŀΣ ¸ǳƪƻƴ DƻƭŘΣ /ƘƛŜƊŀƛƴΣ aƻŘƻŎΣ wŜŘ [ŀ{ƻŘŀΣ ŀƴŘ wŜŘ tƻƴǝŀŎύΦ /ƭƻƴŜǎ ŦǊƻƳ C¸п ƻƴ ŀƴŘ ŎƘŜŎƪǎ 

ǿŜǊŜ ƎǊƻǿƴ ƛƴ ǘǿƻ ǊŜǇƭƛŎŀǘŜǎΣ ǿƘƛƭŜ C¸о ŎƭƻƴŜǎ ŀƴŘ ŎƭƻƴŜǎ ŦǊƻƳ ƻǘƘŜǊ ǇǊƻƎǊŀƳǎ ǿŜǊŜ ƎǊƻǿƴ ŀǎ ǎƛƴƎƭŜ 

ǊŜǇƭƛŎŀǘŜǎΦ ±ƛƴŜǎ ǿŜǊŜ ƪƛƭƭŜŘ фл Řŀȅǎ ŀƊŜǊ ǇƭŀƴǝƴƎ ŀƴŘ ŎƭƻƴŜǎ ǿŜǊŜ ƘŀǊǾŜǎǘŜŘ н ǿŜŜƪǎ ŀƊŜǊ ǇƭŀƴǝƴƎΦ  !ǘ 

ƘŀǊǾŜǎǘ ŀƊŜǊ ƎǊŀŘƛƴƎ мл ǘǳōŜǊǎ ǿŜǊŜ ǎŜƭŜŎǘŜŘ ŀǘ ǊŀƴŘƻƳ ŦǊƻƳ ŜŀŎƘ Ǉƭƻǘ ŀƴŘ ǇƭŀŎŜŘ ƛƴ ƳŜǎƘ ōŀƎǎ ƛƴ 

ǎǘƻǊŀƎŜΦ  !ǎ ǝƳŜ ŀƭƭƻǿŜŘΣ ǘǳōŜǊǎ ǿŜǊŜ ǊŜƳƻǾŜŘ ŦǊƻƳ ǎǘƻǊŀƎŜ ŀƴŘ ǘǳƳōƭŜŘ ŦƻǊ р ƳƛƴǳǘŜǎΣ ǘƘŜƴ ǊŜǘǳǊƴŜŘ 

ǘƻ плC ǎǘƻǊŀƎŜ ŦƻǊ ŀƴƻǘƘŜǊ пу ƘƻǳǊǎΦ !ǘ ǘƘŜ ŜƴŘ ƻŦ ǘƘŜ пу ƘƻǳǊ ǇŜǊƛƻŘ ǘǳōŜǊǎ ǿŜǊŜ ǊŜƳƻǾŜŘΣ ǇŜŜƭŜŘ 

ǳǎƛƴƎ ŀƴ ŜƭŜŎǘǊƛŎ ǇŜŜƭŜǊΣ Ŏǳǘ ƛƴ ƘŀƭŦ ŀƴŘ ǇƘƻǘƻƎǊŀǇƘŜŘΦ   

tƘƻǘƻƎǊŀǇƘǎ ǿŜǊŜ ŀƴŀƭȅȊŜŘ ǳǎƛƴƎ ŀ ŎǳǎǘƻƳ w ǎŎǊƛǇǘΣ ŘŜǾŜƭƻǇŜŘ ƛƴ ƻǳǊ ƭŀōΦ ¢Ƙƛǎ ǎŎǊƛǇǘ ŀƴŀƭȅȊŜǎ 

ǘǳōŜǊ ƛƳŀƎŜǎ ǘƻ ŀǎǎŜǎǎ ōǊǳƛǎƛƴƎ ǎŜǾŜǊƛǘȅ ōȅ ŬǊǎǘ ƭƻŀŘƛƴƎ ŀƴ ƛƳŀƎŜ ŀƴŘ ŜȄǘǊŀŎǝƴƎ ƛǘǎ ǊŜŘΣ ƎǊŜŜƴΣ ŀƴŘ ōƭǳŜ 

όwD.ύ ŎƘŀƴƴŜƭǎΦ ! Ǉƻǘŀǘƻ Ƴŀǎƪ ƛǎ ŎǊŜŀǘŜŘ ōȅ ŘŜŬƴƛƴƎ ŀ ǊŀƴƎŜ ƻŦ ŀŎŎŜǇǘŀōƭŜ wD. ǾŀƭǳŜǎ ǘƻ ƛŘŜƴǝŦȅ ǘƘŜ 

ǘǳōŜǊ ǿƘƛƭŜ ŜȄŎƭǳŘƛƴƎ ǘƘŜ ōŀŎƪƎǊƻǳƴŘΦ ¢ƻ ǇǊŜǾŜƴǘ ƛƴǘŜǊŦŜǊŜƴŎŜ ŦǊƻƳ ƴƻƴπǘǳōŜǊ ŜƭŜƳŜƴǘǎΣ ǘƘŜ ŎƻŘŜ 

ŀǇǇƭƛŜǎ ŀƴ ŜȄŎƭǳǎƛƻƴ Ƴŀǎƪ ǘƻ ǊŜƳƻǾŜ ǊŜƎƛƻƴǎ ŎƻƴǘŀƛƴƛƴƎ ŀ ŎƻƭƻǊ ŎŀǊŘ ŀƴŘ ŀ ǘŀƎΣ ǳǎƛƴƎ ŜƛǘƘŜǊ ǇǊŜŘŜŬƴŜŘ 

Ǉƻǎƛǝƻƴǎ ƻǊ ǳǎŜǊπǎǇŜŎƛŬŜŘ ŦŀŎǘƻǊǎΦ ! ōǊǳƛǎŜ Ƴŀǎƪ ƛǎ ǘƘŜƴ ƎŜƴŜǊŀǘŜŘ ōȅ ƛŘŜƴǝŦȅƛƴƎ ŘŀǊƪ ŀǊŜŀǎ ǿƛǘƘƛƴ ǘƘŜ 

Ǉƻǘŀǘƻ Ƴŀǎƪ ōŀǎŜŘ ƻƴ ŀ ǳǎŜǊπŘŜŬƴŜŘ ǘƘǊŜǎƘƻƭŘ ŦƻǊ ƭƻǿπƛƴǘŜƴǎƛǘȅ ǾŀƭǳŜǎ ƛƴ ŀƭƭ ǘƘǊŜŜ wD. ŎƘŀƴƴŜƭǎΦ ¢ƘŜ 

ōǊǳƛǎŜ ǎŜǾŜǊƛǘȅ ƛǎ ǉǳŀƴǝŬŜŘ ŀǎ ǘƘŜ ǇŜǊŎŜƴǘŀƎŜ ƻŦ ǘƘŜ Ǉƻǘŀǘƻ ŀǊŜŀ ǘƘŀǘ ŀǇǇŜŀǊǎ ōǊǳƛǎŜŘ όмπмллύΣ ǿƘƛƭŜ ŀ 

ŘƛǎŎƻƭƻǊŀǝƻƴ ŦŀŎǘƻǊ όлπмύ ƛǎ ŎŀƭŎǳƭŀǘŜŘ ōŀǎŜŘ ƻƴ ǘƘŜ ŀǾŜǊŀƎŜ ƛƴǘŜƴǎƛǘȅ ƻŦ ōǊǳƛǎŜŘ ŀǊŜŀǎΦ ¢ƘŜ ōǊǳƛǎŜ ƛƴŘŜȄΣ 

ŀ ƳŜŀǎǳǊŜ ƻŦ ƻǾŜǊŀƭƭ ōǊǳƛǎƛƴƎ ǎŜǾŜǊƛǘȅΣ ƛǎ ŎƻƳǇǳǘŜŘ ŀǎ ǘƘŜ ǇǊƻŘǳŎǘ ƻŦ ōǊǳƛǎŜ ǎŜǾŜǊƛǘȅ ŀƴŘ ǘƘŜ 

ŘƛǎŎƻƭƻǊŀǝƻƴ ŦŀŎǘƻǊΦ !ƭǘƘƻǳƎƘ ŎƘƛǇ ŀƴŘ ǊǳǎǎŜǘ ǎŀƳǇƭŜǎ ǿŜǊŜ ŀƭǎƻ ŎƻƭƭŜŎǘŜŘ ŀƴŘ ǘǳƳōƭŜŘΣ ǿŜ ƘŀǾŜ ƴƻǘ 

ƻǇǝƳƛȊŜŘ ŀƴŀƭȅǎƛǎ ƻŦ ǘƘŜƳ ȅŜǘΦ  

 

wŜǎǳƭǘǎΥ ¦ǎƛƴƎ ƎǊƻŎŜǊȅ ǎǘƻǊŜ ǘǳōŜǊǎΣ ŬǾŜ ƳƛƴǳǘŜǎ ƻŦ ǘǳƳōƭƛƴƎ ŘƛŘ ƴƻǘ ǇǊƻŘǳŎŜ ǎǳŶŎƛŜƴǘ ōǊǳƛǎŜΣ ōǳǘ нл 

ƳƛƴǳǘŜǎ ŎŀǳǎŜŘ ŜȄŎŜǎǎƛǾŜ ŜȄǘŜǊƴŀƭ ŘŀƳŀƎŜΦ  tƻǎǘ ǘǳƳōƭƛƴƎ ǎǘƻǊŀƎŜ ŀǘ усC ǊŜǎǳƭǘŜŘ ƛƴ ǊƻǘΦ ¢ƘŜǊŜŦƻǊŜ 

ōŀǎŜŘ ƻƴ ǎǳƳƳŜǊ ŜȄǇŜǊƛƳŜƴǘǎ ǿŜ ŘŜŎƛŘŜŘ ƻƴ ǘŜƴ ƳƛƴǳǘŜǎ ƻŦ ǘǳƳōƭƛƴƎ ŦƻƭƭƻǿŜŘ ōȅ ǎǘƻǊŀƎŜ ŀǘ тл 

ŘŜƎǊŜŜǎΦ IƻǿŜǾŜǊΣ ǘƘƛǎ ǘǊŜŀǘƳŜƴǘ ǿŀǎ ǘƻƻ ǊƻǳƎƘ ŦƻǊ ƳƻǊŜ ǊŜŎŜƴǘƭȅ ƘŀǊǾŜǎǘŜŘ ǘǳōŜǊǎΦ LƴǎǘŜŀŘ ǿŜ ǘǳƳōƭŜŘ 

ǘƘŜƳ ŦƻǊ р ƳƛƴǳǘŜǎ ŀƴŘ ǎǘƻǊŜŘ ǘƘŜƳ ŀǘ плC ŦƻǊ пу ƘƻǳǊǎ Ǉƻǎǘ ǘǳƳōƭƛƴƎΦ ¢Ƙƛǎ ǊŜǎǳƭǘŜŘ ƛƴ ŀ ǾŀǊƛŜǘȅ ƻŦ 

ōǊǳƛǎŜ ǇƘŜƴƻǘȅǇŜǎ όCƛƎǳǊŜ мΤ ¢ŀōƭŜ мύΦ  
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 ¢ƘŜ ōŜǎǘ ǇŜǊŦƻǊƳƛƴƎ ŎƘŜŎƪ ǿŀǎ /ƻƭǳƳōŀ όōǊǳƛǎŜ ƛƴŘŜȄ Ґ мΦфсύΣ ŀƴŘ ŬǾŜ ōǊŜŜŘƛƴƎ ŎƭƻƴŜǎ ƻǳǘ 

ǇŜǊŦƻǊƳŜŘ ƛǘΦ ¢ƘŜ ōŜǎǘ ǇŜǊŦƻǊƳƛƴƎ ¦ab ŎƭƻƴŜǎ ǿŜǊŜ ŀƭǎƻ ȅŜƭƭƻǿΥ abму¢·мттслπллн ŀƴŘ 

abмф¢·мунлсπллнΦ ¢ǿƻ ǊŜŘ ŎƭƻƴŜǎ ŦǊƻƳ b5{¦ ŀƴŘ ƻƴŜ ŦǊƻƳ a{¦ ǿŜǊŜ ŀƭǎƻ ǎǘŀƴŘ ƻǳǘ ǇŜǊŦƻǊƳŜǊǎΥ 

b5нлфоπпwΣ a{CCннуπнwΣ̧ ŀƴŘ b5нлмлнπрwΦ ¢ƘŜ ǿƻǊǎǘ ǇŜǊŦƻǊƳƛƴƎ ŎƘŜŎƪ ǿŀǎ wŜŘ [ŀ {ƻŘŀΦ  

   

Figure 1. The range of bruising phenotypes. MN18TX17760-002 exhibited the lowest bruising with a bruising index 
of 0.47, while MN21TX20059-007 exhibited the most sever bruising with an index of 41.76. 

 

Table 1. Bruise index scores for all measured fresh market clones 

/ƭƻƴŜ .ǊǳƛǎŜ 
LƴŘŜȄ 

abму¢·мттслπллн лΦпт 

b5нлфоπпw лΦфс 

abмф¢·мунлсπллн мΦон 

b5нлмлнπрw мΦрп 

a{CCннуπнw¸ мΦрр 

/ƻƭǳƳōŀ мΦфс 

abмнллс²²πлмw нΦоо 

b5нлфлπсw нΦрф 

abнм!Cтоолπлло нΦср 

b5нлфнπмсw оΦпт 

a{LLонрπм ̧ оΦус 

a{CCнллπпt¸{t[ пΦлт 

a{LLолмπп пΦпт 

²мслрлπоtκ¸ пΦрм 

b5нлуфπмw пΦтп 
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abмфb5мтрфπллм пΦуу 

abнм¢·нллруπллм рΦлм 

abмф!Cсфпрπлло рΦпм 

5ŀǊƪ wŜŘ bƻǊƭŀƴŘ рΦрр 

abму/hмсмрпπллф рΦту 

abму/hмрлуоπллс рΦул 

a{LLонсπм сΦмр 

!²луммнπпtκ¸ сΦос 

abму²мтлнсπллн сΦот 

a{LLороπн ̧ сΦпт 

b5нлмннπпǇ¸ сΦтл 

abнм¢·нллрфπллм тΦлу 

abнмb5муор.πмрт тΦоо 

a{LLпмрπоw тΦпф 

b5нлфоπсw тΦсм 

¸ǳƪƻƴ DƻƭŘ тΦтл 

abму²мтлнсπллп уΦнс 

wŜŘ bƻǊƭŀƴŘ уΦрс 

a{CCмпрπнw фΦуу 

abнмb5нлмоπллн млΦсл 

abнлb5мунп¸πллм млΦуф 

wŜŘ tƻƴǝŀŎ ммΦно 

abму²мтллфπллм ммΦуф 

abнмb5нлотπллн мнΦлт 

abнм!Cтолтπлло мнΦру 

b5нлфлπнw моΦлр 

aƻŘƻŎ моΦст 

/ƘƛŜƊŀƛƴ мпΦлр 

b5нлуфπммw мсΦлп 

!Cb5тртсπмw мсΦот 

abнм!Cтолтπллт мсΦоф 

abнм¢·нллппπллм нлΦпо 

abнм!Cтолтπллс нлΦфф 

abнм!Cтопуπллм ннΦтн 

b5нлмпнπоw ноΦмо 

b5нлуфπмтw ноΦфл 

a{LLпмсπнww нуΦну 

abнм¢·нллнрπллн онΦнн 

wŜŘ [ŀ{ƻŘŀ опΦту 
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²Ŝ ǿŜǊŜ ŀōƭŜ ǘƻ ŘŜǾŜƭƻǇ ŀ ǇǊƻǘƻŎƻƭ ǿƘƛŎƘ ŀƭƭƻǿǎ ǳǎ ǘƻ ƻōǎŜǊǾŜ 

ǾŀǊƛŀǝƻƴ ƛƴ ōǊǳƛǎŜ ǎǳǎŎŜǇǝōƛƭƛǘȅ ŀŎǊƻǎǎ ŎƭƻƴŜǎΦ ¢Ƙƛǎ ƛǎ ŀ ƴŜŎŜǎǎŀǊȅ 

ǇǊŜπǊŜǉǳƛǎƛǘŜ ǘƻ ōǊŜŜŘƛƴƎ ŦƻǊ ōǊǳƛǎŜ ǊŜǎƛǎǘŀƴŎŜΦ  IƻǿŜǾŜǊΣ ǘƘŜǎŜ 

ƳŜŀǎǳǊŜƳŜƴǘǎ ŀǊŜ ƻƴƭȅ ŦƻǊ ŀ ǎƛƴƎƭŜ ȅŜŀǊ ŀƴŘ ōǊǳƛǎŜ Ƙŀǎ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ŎƻƳǇƻƴŜƴǘǎΣ ǘƘŜǊŜŦƻǊŜΣ ŀǘ ƭŜŀǎǘ ŀ 

ǎŜŎƻƴŘ ȅŜŀǊ ƻŦ Řŀǘŀ ƛǎ ƴŜŎŜǎǎŀǊȅ ōŜŦƻǊŜ ǿŜ Ŏŀƴ ǳǎŜ ǘƘŜǎŜ ƳŜŀǎǳǊŜƳŜƴǘǎ ƛƴ ǎŜƭŜŎǝƻƴ ŘŜŎƛǎƛƻƴǎΦ 

 

5ŜǾŜƭƻǇƛƴƎ ƴŜǿ Ǉƻǘŀǘƻ ǾŀǊƛŜǝŜǎ 

!ƛƳΥ ¢ƘŜ ¦ab Ǉƻǘŀǘƻ ōǊŜŜŘƛƴƎ ǇǊƻƎǊŀƳ ǿƻǊƪǎ ǘƻ ŘŜǾŜƭƻǇ ƴŜǿ ŎǳƭǝǾŀǊǎ ƛƴ ŦƻǳǊ ŘƛǎǝƴŎǘ ƳŀǊƪŜǘ ŎƭŀǎǎŜǎ 

όǊŜŘΣ ȅŜƭƭƻǿΣ ŎƘƛǇΣ ŀƴŘ ǊǳǎǎŜǘύ ǿƛǘƘ ƛƴŎǊŜŀǎŜŘ ǊŜǎƛǎǘŀƴŎŜ ǘƻ ōƛƻǝŎ ŀƴŘ ŀōƛƻǝŎ ǎǘǊŜǎǎΦ ²Ŝ ŀƭǎƻ ŀƛƳ ǘƻ 

ŘŜǾŜƭƻǇ ŎǳƭǝǾŀǊǎ ǿƘƛŎƘ ǊŜǉǳƛǊŜ ŦŜǿŜǊ ƛƴǇǳǘǎ όŦŜǊǝƭƛȊŜǊΣ ǇŜǎǝŎƛŘŜǎΣ ƛǊǊƛƎŀǝƻƴΣ ŜǘŎΦύ tƻǘŀǘƻŜǎ ŀǊŜ ƘƛƎƘƭȅ 

ǊŜǎǇƻƴǎƛǾŜ ǘƻ ǘƘŜƛǊ ŜƴǾƛǊƻƴƳŜƴǘΣ ǎƻ ǿƘƛƭŜ ǿŜ ǘŜǎǘ ŎǳƭǝǾŀǊǎ ŦƻǊ ōǊƻŀŘ ŀŘŀǇǘŀōƛƭƛǘȅΣ ǿŜ ǎŜƭŜŎǘ ǎǇŜŎƛŬŎŀƭƭȅ 

ŦƻǊ aƛƴƴŜǎƻǘŀ ŀƴŘ bƻǊǘƘ 5ŀƪƻǘŀ ŜƴǾƛǊƻƴƳŜƴǘǎΣ ƎǊƻǿŜǊǎΣ ŀƴŘ ƳŀǊƪŜǘǎΦ  

 tƻǘŀǘƻŜǎ ŀǊŜ ƘƛƎƘƭȅ ƘŜǘŜǊƻȊȅƎƻǳǎΣ ƳŜŀƴƛƴƎ ǘƘŀǘ ŜǾŜƴ ŀ ŎǊƻǎǎ ōŜǘǿŜŜƴ ǘǿƻ ƘƛƎƘ ǇŜǊŦƻǊƳƛƴƎ 

ŎǳƭǝǾŀǊǎ Ŏŀƴ ƭŀǊƎŜƭȅ ǇǊƻŘǳŎŜǎ Ǉƭŀƴǘǎ ǿƛǘƘ ƭƛǧƭŜ ƻǊ ƴƻ ŎƻƳƳŜǊŎƛŀƭ ǾŀƭǳŜΦ ¢ƘŜǊŜŦƻǊŜΣ ƴŜǿ ŎǳƭǝǾŀǊǎ ŀǊŜ 

ŘŜǾŜƭƻǇŜŘ ǘƘǊƻǳƎƘ ŀ ǇǊƻŎŜǎǎ ƻŦ ǿƛƴƴƻǿƛƴƎ ŦǊƻƳ ŀ ƭŀǊƎŜ ƴǳƳōŜǊ ƻŦ ǳƴǎŜƭŜŎǘŜŘ ƻũǎǇǊƛƴƎ ŦǊƻƳ ŀ ŎǊƻǎǎΣ ǘƻ 

ŀ ǎƳŀƭƭ ƴǳƳōŜǊ ƻŦ ǇǊƻƳƛǎƛƴƎ ŎƭƻƴŜǎΦ Lƴ ǘƘŜ ŜŀǊƭȅ ǎǘŀƎŜǎ ƻŦ ǘƘŜ ōǊŜŜŘƛƴƎ ǇǊƻƎǊŀƳΣ ǿŜ ŦƻŎǳǎ ƻƴ ƎŜƴŜǊŀǝƴƎ 

ŀ ƭŀǊƎŜ Ǉƻƻƭ ƻŦ ƎŜǊƳǇƭŀǎƳ ŦǊƻƳ ǿƘƛŎƘ ǘƻ ǎŜƭŜŎǘΦ нлно ƳŀǊƪŜŘ ǘƘŜ ǎŜǾŜƴǘƘ ŬŜƭŘ ǎŜŀǎƻƴ ƻŦ ǘƘŜ ǊŜǾŀƳǇŜŘ 

aƛƴƴŜǎƻǘŀ tƻǘŀǘƻ .ǊŜŜŘƛƴƎ tǊƻƎǊŀƳΦ  

 

aŜǘƘƻŘǎΥ 

C¸м 

 ²Ŝ ǇƭŀƴǘŜŘ мтΣллл ǎƛƴƎƭŜ ƘƛƭƭǎΦ hŦ ǘƘŜǎŜΣ но ŦŀƳƛƭƛŜǎ ǿŜǊŜ ŦǊƻƳ ŎǊƻǎǎŜǎ ŘƻƴŜ ŀǘ ¦abΦ ¢ƘŜ ǊŜǎǘ 

ǿŜǊŜ ƪƛƴŘƭȅ ǇǊƻǾƛŘŜŘ ōȅ ƻǳǊ ǇŀǊǘƴŜǊƛƴƎ ƛƴǎǝǘǳǝƻƴǎΤ  bƻǊǘƘ 5ŀƪƻǘŀ {ǘŀǘŜ ¦ƴƛǾŜǊǎƛǘȅ όон ŦŀƳƛƭƛŜǎύΣ ¢ŜȄŀǎ 

!ϧa ¦ƴƛǾŜǊǎƛǘȅ όфс ŦŀƳƛƭƛŜǎύΣ ŀƴŘ /ƻƭƻǊŀŘƻ {ǘŀǘŜ ¦ƴƛǾŜǊǎƛǘȅ όу ŦŀƳƛƭƛŜǎύΦ  !ƭƭ ǎƛƴƎƭŜ Ƙƛƭƭǎ ǿŜǊŜ ǇƭŀƴǘŜŘ ŀǘ 

ǘƘŜ bƻǊǘƘ /ŜƴǘǊŀƭ wŜǎŜŀǊŎƘ ŀƴŘ hǳǘǊŜŀŎƘ /ŜƴǘŜǊ όb/wh/ύ ŀƴŘ ǎŜƭŜŎǘŜŘ ǳǎƛƴƎ Ǿƛǎǳŀƭ ǎŜƭŜŎǝƻƴΦ  

 

C¸н 

²Ŝ ŜǾŀƭǳŀǘŜŘ нол C¸н ŎƭƻƴŜǎ ǘƘƛǎ ȅŜŀǊ ƛƴ мнπƘƛƭƭ ǇƭƻǘǎΦ hŦ ǘƘŜǎŜ ŎƭƻƴŜǎΣ пм҈ ǿŜǊŜ ŎƘƛǇǎΣ пр҈ 

ǿŜǊŜ ǊǳǎǎŜǘΣ ŀƴŘ мп҈ ǿŜǊŜ ǊŜŘΦ !ƭƭ ŎƭƻƴŜǎ ǿŜǊŜ ǇƭŀƴǘŜŘ ŀǘ ǘƘŜ b/wh/ ŀƴŘ ǎŜƭŜŎǘŜŘ ǳǎƛƴƎ Ǿƛǎǳŀƭ 

ǎŜƭŜŎǝƻƴΦ  

  

C¸о 

Lƴ C¸о ǿŜ ŎŀǊǊȅ ƻǳǘ ǇǊŜƭƛƳƛƴŀǊȅ ȅƛŜƭŘ ǘǊƛŀƭǎΦ ²Ŝ ƎǊŜǿ отс ŎƭƻƴŜǎ ƛƴ ǳƴπǊŜǇƭƛŎŀǘŜŘ мрπƘƛƭƭ Ǉƭƻǘ ǘǊƛŀƭǎ 

ŀǘ {twCΦ aƻŘƻŎΣ /ƘƛŜƊŀƛƴΣ wŜŘ bƻǊƭŀƴŘΣ 5ŀǊƪ wŜŘ bƻǊƭŀƴŘΣ wŜŘ tƻƴǝŀŎ ŀƴŘ wŜŘ [ŀ{ƻŘŀ ǿŜǊŜ ǳǎŜŘ ŀǎ 

ŎƘŜŎƪǎ ŦƻǊ ǘƘŜ ǊŜŘ ǇƻǘŀǘƻŜǎΦ !ǘƭŀƴǝŎΣ {ƴƻǿŘŜƴΣ /ŀǎŎŀŘŜΣ {ǳǇŜǊƛƻǊΣ ŀƴŘ [ŀƳƻƪŀ ǿŜǊŜ ǳǎŜŘ ŀǎ ŎƘŜŎƪǎ ŦƻǊ 

ǘƘŜ ŎƘƛǇǇŜǊǎΦ 5ŀƪƻǘŀ wǳǎǎŜǘΣ 9ƭƪ wƛǾŜǊ wǳǎǎŜǘΣ wǳǎǎŜǘ bƻǊƪƻǘŀƘΣ wǳǎǎŜǘ .ǳǊōŀƴƪΣ ¦Ƴŀǝƭƭŀ wǳǎǎŜǘΣ ŀƴŘ 

DƻƭŘǊǳǎƘ ǿŜǊŜ ǳǎŜŘ ŀǎ ŎƘŜŎƪǎ ŦƻǊ ǘƘŜ ǊǳǎǎŜǘǎΦ ²Ŝ ǳǎŜŘ мƊ ƛƴπǊƻǿ ǎǇŀŎƛƴƎ ŀƴŘ оƊ ōŜǘǿŜŜƴ ǊƻǿǎΦ ±ƛƴŜǎ 

a{LLпмпπнtt оуΦст 

abнм¢·нллрфπллт пмΦтс 



тт  

  

ǿŜǊŜ ŘŜǎƛŎŎŀǘŜŘ ŀƊŜǊ фл Řŀȅǎ ŦƻǊ ǘƘŜ ŦǊŜǎƘ ƳŀǊƪŜǘ ǇƻǘŀǘƻŜǎ ŀƴŘ ммл Řŀȅǎ ŦƻǊ ǇǊƻŎŜǎǎƻǊǎΦ ¢ǳōŜǊǎ ǿŜǊŜ 

ƘŀǊǾŜǎǘŜŘ н ǿŜŜƪǎ ŀƊŜǊ ǾƛƴŜ ŘŜǎƛŎŎŀǝƻƴΦ  

tƻǎǘπƘŀǊǾŜǎǘ ǿŜ ŎƻƭƭŜŎǘŜŘ ǉǳŀƴǝǘŀǝǾŜ ƳŜŀǎǳǊŜǎ ƻŦΥ ǘǳōŜǊ ǎƘŀǇŜΣ ǘǳōŜǊ ŎƻƭƻǊΣ ŀƴŘ ǎƪƛƴ ǎŜǘΣ ŦƻǊ 

ŜŀŎƘ ǎŜƭŜŎǘŜŘ ŎƭƻƴŜΦ ¢Ƙƛǎ ǿŀǎ ŀŎŎƻƳǇƭƛǎƘŜŘ ōȅ ŀǊǊŀƴƎƛƴƎ ŀ ǎǳōǎŜǘ ƻŦ мл ǘǳōŜǊǎ ƛƴ ŀ оȄп ƎǊƛŘ ƛƴ ŀ 

tƘƻǘƻǎƛƳƛƭŜ нлл ƭƛƎƘǘōƻȄΣ ŀƴŘ ƛƳŀƎŜǎ ǿŜǊŜ ǘŀƪŜƴ ǿƛǘƘ ŀ /ŀƴƻƴ wŜōŜƭ ¢сƛ ŎŀƳŜǊŀ ǳǎƛƴƎ ŀ нпƳƳ ƭŜƴǎΣ L{h 

мллΣ мκол ǎŜŎ ǎƘǳǧŜǊ ǎǇŜŜŘ ŀƴŘ ŀǇŜǊǘǳǊŜ ŦκрΦсΦ CƻƭƭƻǿƛƴƎ ǘƘŜ ƳŜǘƘƻŘǎ ƻŦ /ŀǊŀȊŀπIŀǊǘŜǊ ŀƴŘ 9ƴŘŜƭƳŀƴ 

όнлнлύΦ LƳŀƎŜ ŀƴŀƭȅǎƛǎ ǿŀǎ ǇŜǊŦƻǊƳŜŘ ƛƴπƘƻǳǎŜ ǳǎƛƴƎ ǘƘŜ w ǇŀŎƪŀƎŜ ¢ǳ.!w όaƛƭƭŜǊ Ŝǘ ŀƭΦΣ нлннύΦ ¢ƘŜǎŜ 

ǘǳōŜǊǎ ǿŜǊŜ Ŏǳǘ ƛƴ ƘŀƭŦ ŀƴŘ ƛƴǘŜǊƴŀƭ ŘŜŦŜŎǘǎ ǿŜǊŜ ŎƻǳƴǘŜŘΦ    

!ƭƭ Ǉƭƻǘǎ ǿŜǊŜ ƎǊŀŘŜŘ ƻƴ ŀƴ 9ȄŜǘŜǊ ƎǊŀŘŜǊ ǘƻ ƻōǘŀƛƴ ȅƛŜƭŘ ŀƴŘ ǎƛȊŜ ǇǊƻŬƭŜ ŘŀǘŀΦ !ǘ ƎǊŀŘƛƴƎ ǘǿƻ ǎǳō 

ǎŀƳǇƭŜǎ ƻŦ мл ƛƴŘƛǾƛŘǳŀƭǎ ǿŜǊŜ ǘŀƪŜƴΦ ¢ƘŜ ŬǊǎǘ ŦƻǊ ǇƘƻǘƻƎǊŀǇƘȅ ŀǎ ŘŜǎŎǊƛōŜŘΣ ǘƘŜ ǎŜŎƻƴŘ ǘƻ ǘŜǎǘ ǎǇŜŎƛŬŎ 

ƎǊŀǾƛǘȅ ŀƴŘ ŎƘƛǇ ŀƴŘ ŦǊȅ ŎƻƭƻǊΦ Lƴ ƻǊŘŜǊ ǘƻ ǘŜǎǘ ǎǇŜŎƛŬŎ ƎǊŀǾƛǘȅΣ ǿŜ ǘƻƻƪ ŀ ǎŀƳǇƭŜ ƻŦ ǘŜƴ ǘǳōŜǊǎ ǇŜǊ ŎƭƻƴŜ 

ǿƘƛŎƘ ǿŜǊŜ ǿŜƛƎƘŜŘ ƻƴ ŀ ōŀƭŀƴŎŜ ǿƘƛƭŜ ǎǳǎǇŜƴŘŜŘ ƛƴ ǘƘŜ ŀƛǊ ƛƴ ŀ ƳŜǎƘ ōŀƎΦ ¢ƘŜ ǎŀƳǇƭŜ ǿŀǎ ǘƘŜƴ 

ǿŜƛƎƘŜŘ ǿƘƛƭŜ ǎǳǎǇŜƴŘŜŘ ƛƴ ŀ ǎƛƴƪ ŎƻƴǘŀƛƴƛƴƎ ŀōƻǳǘ ǘŜƴ ƭƛǘŜǊǎ ƻŦ ǘŀǇ ǿŀǘŜǊΦ {ǇŜŎƛŬŎ ƎǊŀǾƛǘȅ ǿŀǎ 

ŎŀƭŎǳƭŀǘŜŘ ŀǎ {D Ґ ǿŜƛƎƘǘ ƛƴ ŀƛǊ κόǿŜƛƎƘǘ ƛƴ ŀƛǊ ς ǿŜƛƎƘǘ ƛƴ ǿŀǘŜǊύΦ 

/ƘƛǇǇƛƴƎ ŀƴŘ ǊǳǎǎŜǘ ǇƻǘŀǘƻŜǎ ǿŜǊŜ ŀƴŀƭȅȊŜŘ ǎŜǇŀǊŀǘŜƭȅ ŦƻǊ ŎƘƛǇκŦǊȅ ŎƻƭƻǊΦ CƻǊ ǘƘŜ ŎƘƛǇǇƛƴƎ 

ǇƻǘŀǘƻŜǎΣ ŜŀŎƘ Ǉƻǘŀǘƻ ƛƴ ǘƘŜ ǎŀƳǇƭŜ ǿŀǎ Ŏǳǘ ǘǊŀƴǎǾŜǊǎŜƭȅΣ ǇŜǊǇŜƴŘƛŎǳƭŀǊ ǘƻ ǘƘŜ ǎǘŜƳπōǳŘ ŜƴŘ ŀȄƛǎΦ hƴŜ 

Ŏǳǘ ǿŀǎ ŬǊǎǘ ƳŀŘŜ ŀƴŘ ŘƛǎŎŀǊŘŜŘ ǘƻ ǇǊƻǾƛŘŜ ŀ ƅŀǘ ǎǳǊŦŀŎŜΦ ¢ƘŜƴ ǘƘŀǘ ƘŀƭŦ ǿŀǎ ǎƭƛŎŜŘ ǘǿƛŎŜ ǘƻ ǇǊƻǾƛŘŜ ǘǿƻ 

ǎƭƛŎŜǎ ǇŜǊ ǘǳōŜǊ ŦƻǊ ŦǊȅƛƴƎΦ ¢ƘŜ ǎƭƛŎŜǎ ǿŜǊŜ ōƭƻǧŜŘ ŘǊȅ ǘƻ ǊŜƳƻǾŜ ǎǳǊŦŀŎŜ ƳƻƛǎǘǳǊŜ ŀƴŘ ǘƘŜƴ ŦǊƛŜŘ ŀǘ мурϲ 

/ ŦƻǊ нΦл ƳƛƴǳǘŜǎΦ CƻǊ ǘƘŜ ŦǊȅƛƴƎ ǇƻǘŀǘƻŜǎΣ ŜŀŎƘ Ǉƻǘŀǘƻ ǿŀǎ ǇƭŀŎŜŘ ƛƴ ŀ Ǉƭŀƴƪ ŎǳǧŜǊ ƭƻƴƎƛǘǳŘƛƴŀƭƭȅ ŀƭƻƴƎ 

ǘƘŜ ōǳŘπǎǘŜƳ ŜƴŘ ŀȄƛǎΦ !ƴ ŜƭŜŎǘǊƛŎ ŀǊƳ ŦƻǊŎŜŘ ǘƘŜ Ǉƻǘŀǘƻ ƛƴǘƻ ǘƘŜ ŎǳǩƴƎ ƎǊƛŘ ŎǳǩƴƎ ǘƘŜ ǇƻǘŀǘƻŜǎ ƛƴǘƻ 

фΦл Ȅ ммΦр ƳƳ ǇƭŀƴƪǎΦ ¢ƘŜ Ǉƭŀƴƪǎ ǿŜǊŜ ƴƻǘŎƘŜŘ ŀǘ ǘƘŜ ōǳŘ ŜƴŘΣ ōƭƻǧŜŘ ŘǊȅΣ ǘƘŜƴ ŦǊƛŜŘ ŀǘ нллϲ / ŦƻǊ н 

ƳƛƴǳǘŜǎΦ .ƻǘƘ ŎƘƛǇ ŀƴŘ ŦǊȅ ǎŀƳǇƭŜǎ ǿŜǊŜ ǇƘƻǘƻƎǊŀǇƘŜŘ ƻƴ ŀ ōŜƴŎƘ ŀƎŀƛƴǎǘ ŀ ǿƘƛǘŜ ōŀŎƪƎǊƻǳƴŘ ŦƻǊ Ǿƛǎǳŀƭ 

ŜǾŀƭǳŀǝƻƴΦ 

All clones were genotyped using the FlexSeq array from Rapid Genomics. In addition to a 
set of whole genome markers, the array includes markers for two sources of PVY resistance 
(RYsto and RYadg) and Verticillium wilt resistance (Ve2).  These three genes were chosen as 
targets for selection, due to the availability of accurate markers. Additionally, 29 of the chipping 
clones were evaluated in 8-hillplots in North Carolina as part of the Early Generation Southern 
Strategy Trial.  
 

C¸пπт 

 ²Ŝ ƎǊŜǿ C¸пπт ŀǎ ŀ ǊŜǇƭƛŎŀǘŜŘ ŬŜƭŘ ǘǊƛŀƭ ƛƴ .ŜŎƪŜǊ ab ǿƛǘƘ ǘǿƻ мрπƘƛƭƭ Ǉƭƻǘǎ ŜŀŎƘΦ ¢ƘŜǎŜ ǿŜǊŜ 

ƎǊƻǿƴ ǿƛǘƘ ōƻǘƘ ǘƘŜ C¸о Ǉƭƻǘǎ ŀƴŘ ǎƛƴƎƭŜ ǊŜǇƭƛŎŀǘŜ ǎŀƳǇƭŜǎ ŦǊƻƳ bƻǊǘƘ 5ŀƪƻǘŀΣ ²ƛǎŎƻƴǎƛƴΣ ŀƴŘ aƛŎƘƛƎŀƴΦ 

CƻǊ ŜŀŎƘ ƳŀǊƪŜǘ Ŏƭŀǎǎ C¸оπтΣ ŎƘŜŎƪǎΣ ŀƴŘ ǘƘŜ ŎƭƻƴŜǎ ŦǊƻƳ ǘƘŜ bƻǊǘƘ /ŜƴǘǊŀƭ wŜƎƛƻƴ ǿŜǊŜ ƎǊƻǿƴ ƛƴ ŀ 

ǇŀǊǝŀƭƭȅ ǊŜǇƭƛŎŀǘŜŘ ǊŀƴŘƻƳƛȊŜŘ ŘŜǎƛƎƴΦ ¢ƘŜ ǘǊƛŀƭ ƛƴŎƭǳŘŜŘ мом C¸п ƛƴŘƛǾƛŘǳŀƭǎΥ мл҈ ŦǊŜǎƘ ƳŀǊƪŜǘΣ у҈ 

ǊǳǎǎŜǘΣ ŀƴŘ ун҈ ŎƘƛǇΤ мо C¸р ƛƴŘƛǾƛŘǳŀƭǎΥ у҈ ŦǊŜǎƘ ƳŀǊƪŜǘ ŀƴŘ фн҈ ŎƘƛǇΤ мл C¸с ƛƴŘƛǾƛŘǳŀƭǎΥ ол҈ ŦǊŜǎƘ 

ƳŀǊƪŜǘΣ ол҈ ŎƘƛǇΣ ŀƴŘ пл҈ ǊǳǎǎŜǘΤ ŀƴŘ мс C¸т ƛƴŘƛǾƛŘǳŀƭǎΥ пп҈ ŎƘƛǇǎΣ мф҈ ǊǳǎǎŜǘǎΣ ŀƴŘ от҈ ŦǊŜǎƘ 

ƳŀǊƪŜǘΦ ¢ƘŜȅ ǿŜǊŜ ǇƘŜƴƻǘȅǇŜŘ ŀǎ ŀōƻǾŜΦ ¢ƘƛǊǘȅ ƻŦ ǘƘŜǎŜ ŎƭƻƴŜǎ ǿŜǊŜ ŀƭǎƻ ƎǊƻǿƴ ƛƴ bƻǊǘƘ 5ŀƪƻǘŀΣ 

²ƛǎŎƻƴǎƛƴΣ ŀƴŘ aƛŎƘƛƎŀƴ ŀǎ ǇŀǊǘ ƻŦ ǘƘŜ bƻǊǘƘ /ŜƴǘǊŀƭ wŜƎƛƻƴŀƭ ǘǊƛŀƭ ŀƴŘ ŜƭŜǾŜƴ ǿŜǊŜ ŜƴǘŜǊŜŘ ƛƴǘƻ ǘƘŜ 

bŀǝƻƴŀƭ /ƘƛǇ tǊƻŎŜǎǎƛƴƎ ¢ǊƛŀƭΦ  



ту  

  

 

wŜǎǳƭǘǎΥ 

 

C¸м 

²Ŝ ǎŜƭŜŎǘŜŘ м҈ ƻŦ ǘƘŜ ƛƴŘƛǾƛŘǳŀƭǎ ƻǾŜǊ ŀƭƭ ǘƻ ŎƻƴǝƴǳŜ ƻƴ ƛƴ ǘƘŜ ǇǊƻƎǊŀƳ ǘƻ ȅŜŀǊ нΣ ǊŜǎǳƭǝƴƎ ƛƴ нпн 

ŎƭƻƴŜǎ ǘƻ ōŜ ŜǾŀƭǳŀǘŜŘ ƛƴ мн Ƙƛƭƭǎ ƛƴ нлнрΦ  

 

C¸н 

²Ŝ ǎŜƭŜŎǘŜŘ нм҈ ƻŦ ǘƘŜ ŎƭƻƴŜǎΣ ǊŜǎǳƭǝƴƎ ƛƴ пф ŎƭƻƴŜǎ ǘƻ ōŜ ŜǾŀƭǳŀǘŜŘ ƛƴ ǇǊŜƭƛƳƛƴŀǊȅ ȅƛŜƭŘ ǘǊƛŀƭǎ ƛƴ нлнрΦ  

 

C¸о 

²Ŝ ǎŜƭŜŎǘŜŘ м ŎƘƛǇǇƛƴƎ ŎƭƻƴŜǎ ŀƴŘ т ǊǳǎǎŜǘǎ ǿƘƛŎƘ ǿŜ ǿƛƭƭ ŜǾŀƭǳŀǘŜ ƛƴ ǊŜǇƭƛŎŀǘŜŘ ȅƛŜƭŘ ǘǊƛŀƭǎ ƛƴ нлнрΦ  

 

C¸пπт 

²Ŝ ǎŜƭŜŎǘŜŘ мф C¸п ŎƘƛǇǇƛƴƎ ŎƭƻƴŜǎ ŀƭƭ ƻŦ ǿƘƛŎƘ ƻǳǘ ǇŜǊŦƻǊƳŜŘ ŀǘ ƭŜŀǎǘ ƻƴŜ ŎƘŜŎƪ ƛƴ ǘŜǊƳǎ ƻŦ ȅƛŜƭŘ ƛƴ 

aƛƴƴŜǎƻǘŀ ό¢ŀōƭŜ нύΦ !ƭƭ ŀƭǎƻ ƘŀŘ ǎǇŜŎƛŬŎ ƎǊŀǾƛǘȅ ƻŦ мΦлтт ƻǊ ŀōƻǾŜ ƛƴ abΣ ƘƛƎƘŜǊ ǘƘŀƴ /ŀǎŎŀŘŜ ƻǊ 

{ǳǇŜǊƛƻǊΦ {ŜǾŜǊŀƭ ŎƭƻƴŜǎ ǿŜǊŜ ŀƭǎƻ ƛƴŎƭǳŘŜŘ ƛƴ ǘƘŜ 9ŀǊƭȅ DŜƴŜǊŀǝƻƴ {ŜƭŜŎǝƻƴ {ǘǊŀǘŜƎȅ ¢Ǌƛŀƭ ƛƴ bƻǊǘƘ 

/ŀǊƻƭƛƴŀΦ abнмb5мупр.πлол ƻǳǘ ǇŜǊŦƻǊƳŜŘ !ǘƭŀƴǝŎ ƛƴ ǘŜǊƳǎ ƻŦ ȅƛŜƭŘ ƛƴ ǘƘŀǘ ǘǊƛŀƭ ǎǳƎƎŜǎǝƴƎ ǎƻƳŜ 

ŘŜƎǊŜŜ ƻŦ ƘŜŀǘ ǊŜǎƛǎǘŀƴŎŜΦ ²Ŝ ƘŀǾŜ ƻƴŜ C¸р ǎŜƭŜŎǝƻƴΣ abнл!Cтмтпπллм ό¢ŀōƭŜ оύΣ ǿƘƛŎƘ ǿŀǎ ŀƭǎƻ ƛƴ ǘƘŜ 

bŀǝƻƴŀƭ /ƘƛǇ tǊƻŎŜǎǎƛƴƎ ¢Ǌƛŀƭ όb/t¢ύ ǘƘƛǎ ȅŜŀǊ ό¢ŀōƭŜ пύΦ Lǘ ȅƛŜƭŘŜŘ ƭŜǎǎ ǿŜƭƭ ǘƘƛǎ ȅŜŀǊ ƛƴ ab ǘƘŀƴ ƛǘ Ƙŀǎ 

ǇǊŜǾƛƻǳǎƭȅ Ǉƻǎǎƛōƭȅ ōŜŎŀǳǎŜ ƻŦ ǇǊƻōƭŜƳǎ ǿƛǘƘ ǎŎŀō ƛƴ ƻǳǊ ǎŜŜŘ ŬŜƭŘΦ Lǘ ǿƛƭƭ ŜƴǘŜǊ ¢ƛŜǊ н ƻŦ ǘƘŜ b/t¢ ƛƴ 

нлнрΦ hǳǊ ǎƛƴƎƭŜ ǎŜƭŜŎǝƻƴ ŦǊƻƳ C¸сΣ abмф!CсуфнπллфΣ ǿƛƭƭ ōŜ ǇŀǊǘ ƻŦ ǘƘŜ b/t¢ ǝŜǊ м ƛƴ нлнр ό¢ŀōƭŜ рύΦ 

Lǘ ǎǘŀƴŘǎ ƻǳǘ ŘǳŜ ǘƻ ƘƛƎƘ ǎǇŜŎƛŬŎ ƎǊŀǾƛǘȅ ŀƴŘ ǾŜǊǝŎƛƭƭƛǳƳ ǿƛƭǘ ǊŜǎƛǎǘŀƴŎŜΦ  

²Ŝ ŎƻƴǝƴǳŜ ǘƻ ƳƻǾŜ ŦƻǊǿŀǊŘ ǿƛǘƘ о C¸т ŎƭƻƴŜǎ ό¢ŀōƭŜ сύΦ abму²мтлотπлоо ƛǎ ŀ t±¸ ǊŜǎƛǎǘŀƴǘ 

ŎƭƻƴŜ ǿƘƛŎƘ ǊŜƎǳƭŀǊƭȅ ȅƛŜƭŘǎ ǿŜƭƭ ŀƴŘ ǎƘƻǿǎ ǎǘǊƻƴƎ ǎǇŜŎƛŬŎ ƎǊŀǾƛǘȅ ƛƴ abΦ Lǘ ǎƘƻǿǎ ŬŜƭŘ ǘƻƭŜǊŀƴŎŜ ǘƻ 

ǾŜǊǝŎƛƭƭƛǳƳ ǿƛƭǘ ƛƴ 5ǊΦ wŀƴƧŀƴΩǎ ǘǊƛŀƭǎ ŀƴŘ ƴƻ ƘŜŀǘ ƴŜŎǊƻǎƛǎΦ Lǘ ǇŜǊŦƻǊƳŜŘ ǇŀǊǝŎǳƭŀǊƭȅ ǿŜƭƭ ƛƴ CƭƻǊƛŘŀ ƛƴ ǘƘŜ 

b/t¢ ǝŜǊ нΣ ōǳǘ ǿŀǎ ƴƻǘ ǎǳŶŎƛŜƴǘƭȅ ŎƻƴǎƛǎǘŜƴǘ ŀŎǊƻǎǎ ŜƴǾƛǊƻƴƳŜƴǘǎ ǘƻ ŎƻƴǝƴǳŜ ƻƴΦ bŜǾŜǊǘƘŜƭŜǎǎΣ ǘƘƛǎ 

ŎƭƻƴŜ Ƴŀȅ ōŜ ŀǇǇǊƻǇǊƛŀǘŜ ŦƻǊ ƘƛƎƘ ǎǘǊŜǎǎ ŜƴǾƛǊƻƴƳŜƴǘǎΦ  

 

 

 

 

 



тф  

  

 

 

 

 

¢ŀōƭŜ нΦ нлнп C¸п /ƘƛǇǇƛƴƎ {ŜƭŜŎǝƻƴǎ όȅƛŜƭŘ ƛƴ ҈ !ǘƭŀƴǝŎύΦ  

 

/ƭƻƴŜ ¸ƛŜƭŘ ab нлнп {D ab нлнп ¸ƛŜƭŘ b/ нлнп {D b/ нлнп 

!ǘƭŀƴǝŎ млл мΦлфм млл мΦлур 

/ŀǎŎŀŘŜ фу мΦлтп b! b! 

abнмb5муор.πлто фт мΦлуп ум мΦлуп 

abнмb5муор.πлрф фл мΦлтт тс мΦлтф 

abнмb5мупр.πлтм фл мΦлун сп мΦлтт 

abнмb5муор.πмлс уф мΦлум b! b! 

abнмb5муор.πллм уу мΦлул b! b! 

abнмb5мупр.πлло уу мΦлтт b! b! 

{ƴƻǿŘŜƴ уу мΦлту ммо мΦлур 

abнмb5муор.πмлу ут мΦлун b! b! 

abнмb5муор.πмос ус мΦлун b! b! 

abнмb5мупр.πлуу ус мΦлтф b! b! 

abнмb5мупр.πлнф ус мΦлтт ус мΦлус 

[ŀƳƻƪŀ уо мΦлул b! b! 

abнмb5муор.πмпс ун мΦлтф рт мΦлфл 

abнмb5муор.πмпо ту мΦлуф b! b! 

abнмb5муор.πлом тт мΦлур ту мΦлфп 

abнмb5муор.πлтс тт мΦлум b! b! 

abнмb5мупр.πммн тт мΦлуп b! b! 

abнмb5муор.πмнф тр мΦлур b! b! 

abнмb5муор.πлоф то мΦлуо b! b! 

abнмb5муор.πлнф тм мΦлут ум мΦлуу 

abнмb5мупр.πлол ср мΦлуп млр мΦлтт 

{ǳǇŜǊƛƻǊ см мΦлст b! b! 

 

 

¢ŀōƭŜ оΦ нлнп C¸р /ƘƛǇǇƛƴƎ {ŜƭŜŎǝƻƴǎ όȅƛŜƭŘ ƛƴ ҈ !ǘƭŀƴǝŎύΦ  

 

/ƭƻƴŜ 
¸ƛŜƭŘ ab 

нлнп 

{D ab нлнп ¸ƛŜƭŘ ab 

нлно 

{D ab 

нлно 

¸ƛŜƭŘ b/ 

нлно 
{D b/ нлно 

!ǘƭŀƴǝŎ млл мΦлфм млл мΦлтр млл мΦлтр 

/ŀǎŎŀŘŜ фу мΦлтп фл мΦлср b! b! 



ул  

  

{ƴƻǿŘŜƴ уу мΦлту ум мΦлтн мнф мΦлтп 

[ŀƳƻƪŀ уо мΦлул су мΦлтт b! b! 

abнл!Cтмтпπллм ум мΦлум млн мΦлтм мор мΦлст 

{ǳǇŜǊƛƻǊ см мΦлст пу мΦлст b! b! 

 

 

 

 

 

 

 

 

¢ŀōƭŜ пΦ нлнп bŀǝƻƴŀƭ /ƘƛǇ tǊƻŎŜǎǎƛƴƎ ¢Ǌƛŀƭ wŜǎǳƭǘǎ όȅƛŜƭŘ ƛƴ ŎǘκŀύΦ  

 ¸ƛŜƭŘ 
abнл!Cтмтпπ

ллм 

{D 
abнл!Cтмтпπ

ллм 

¸ƛŜƭŘ 
!ǘƭŀƴǝŎ 

{D 
!ǘƭŀƴǝŎ 

¸ƛŜƭŘ 
{ƴƻǿŘŜƴ 

{D 
{ƴƻǿŘŜƴ 

¸ƛŜƭŘ 
[ŀƳƻƪŀ 

{D 
[ŀƳƻƪŀ 

C[ оолΦл мΦмлм олмΦр мΦлуф ннфΦу мΦлту онрΦо мΦлун 

a5 осΦл b! нмпΦу мΦлтс ннрΦу мΦлту срΦр b! 

aL оплΦл мΦлт пнфΦо мΦлут пмнΦу мΦлум оурΦл мΦлум 

b/ олΦр мΦлтн нрΦо мΦлуф нтΦт мΦлуо мтΦт мΦлтс 

b5 мсоΦл мΦлфр мтоΦр мΦмлт мууΦр мΦлфф мунΦр мΦмло 

hw псрΦп мΦлуп ппфΦл мΦлфл ттуΦл мΦлфс сннΦо мΦлфм 

²L ттΦн мΦлтм снΦф мΦлуу умΦт мΦлфп снΦт мΦлтс 

 

¢ŀōƭŜ рΦ нлнп C¸с /ƘƛǇǇƛƴƎ {ŜƭŜŎǝƻƴǎ όb!ǎ ƛƴŘƛŎŀǘŜ ǳƴƳŜŀǎǳǊŜŘ ǇƘŜƴƻǘȅǇŜǎΣ ¸ƛŜƭŘǎ ŀǊŜ ǇǊŜǎŜƴǘŜŘ ŀǎ ҈ !ǘƭŀƴǝŎ ύ  

/ƭƻƴŜ 

¸ƛŜƭŘ 

ab 

нлнп 

{D ab 

нлнп 

¸ƛŜƭŘ 

ab 

нлно 

{D 

ab 

нлно 

¸ƛŜƭŘ 

ab 

нлнн 

{D 

ab 

нлнн 

¸ƛŜƭŘ 

ab 

нлнм 

{D 

ab 

нлнм 

¸ƛŜƭŘ 

b/ 

нлнм 

{D 

b/ 

нлнм 

t±¸ ±ŜǊǘ 

!ǘƭŀƴǝŎ млл мΦлфм млл мΦлтр млл мΦлто млл мΦлтр млл мΦлсп b! b! 

/ŀǎŎŀŘŜ фу мΦлтп фл мΦлср ун мΦлсл b! b! b! b! b! b! 

{ƴƻǿŘŜƴ уу мΦлту ум мΦлтн мф мΦлтр фн мΦлтм мпн мΦлсс b! b! 



ум  

  

 

 

¢ŀōƭŜ сΦ нлнп C¸т /ƘƛǇǇƛƴƎ {ŜƭŜŎǝƻƴǎ όb!ǎ ƛƴŘƛŎŀǘŜ ǳƴƳŜŀǎǳǊŜŘ ǇƘŜƴƻǘȅǇŜǎΣ ¸ƛŜƭŘǎ ŀǊŜ ǇǊŜǎŜƴǘŜŘ ŀǎ ҈ !ǘƭŀƴǝŎύ 

/ƭƻƴŜ 

¸ƛŜƭŘ 

ab 

нлнп 

{D 

ab 

нлнп 

¸ƛŜƭŘ 

ab 

нлно 

{D 

ab 

нлно 

¸ƛŜƭŘ 

ab 

нлнн 

{D 

ab 

нлнн 

¸ƛŜƭŘ 

ab 

нлнм 

{D 

ab 

нлнм 

¸ƛŜƭŘ 

ab 

нлнл 

{D 

ab 

нлнл 

¸ƛŜƭŘ 

²L 

нлнм 

{D ²L 

нлнм 

¸ƛŜƭŘ 

aL 

нлнм 

{D aL 

нлнм t±¸ ±ŜǊǘ 

abму²мтлотπлоо ммп мΦлуо ру мΦлтт мро мΦлтр ут мΦлтл уу мΦлст b! b! b! b! ¸Ŝǎ bƻ 

!ǘƭŀƴǝŎ млл мΦлфм млл мΦлтр млл мΦлто млл мΦлтр млл мΦлсп млл мΦлур млл мΦлуу b! b! 

/ŀǎŎŀŘŜ фу мΦлтп фл мΦлср ун мΦлсл b! b! b! b! b! b! b! b! b! b! 

abму²мтлпоπллн фт мΦлфл ср мΦлуп фо мΦлфм фо мΦлтн со мΦлст b! b! b! b! ¸Ŝǎ bƻ 

abму²мтлотπлнс уу мΦлус ус мΦлун пл b! сп мΦлсп фп мΦлсо ур мΦлу тт мΦлтф b! b! 

{ƴƻǿŘŜƴ уу мΦлту ум мΦлтн мф мΦлтр фн мΦлтм b! b! b! b! b! b! b! b! 

[ŀƳƻƪŀ уо мΦлул су мΦлтт рф мΦлтм тт мΦлсу b! b! фу мΦлуп ут мΦлум b! b! 

{ǳǇŜǊƛƻǊ см мΦлст пу мΦлст нт мΦлсп b! b! b! b! b! b! b! b! b! b! 

 

 

²Ŝ ǎŜƭŜŎǘŜŘ ŬǾŜ C¸п ǊǳǎǎŜǘ ŎƭƻƴŜǎΣ ǘǿƻ ŀǇǇǊƻǇǊƛŀǘŜ ŦƻǊ ŦǊŜǎƘ ƳŀǊƪŜǘ ŀƴŘ ǘƘǊŜŜ ǿƘƛŎƘ Ƴŀȅ ōŜ 

ŀǇǇǊƻǇǊƛŀǘŜ ŦƻǊ ŜƛǘƘŜǊ ŦǊŜǎƘ ƳŀǊƪŜǘ ƻǊ ǇǊƻŎŜǎǎƛƴƎ ό¢ŀōƭŜ тύΦ !ƭƭ ŎƭƻƴŜǎ ƻǳǘ ǇŜǊŦƻǊƳ ŀǘ ƭŜŀǎǘ ƻƴŜ ŎƘŜŎƪ ƛƴ 

ǘŜǊƳǎ ƻŦ ȅƛŜƭŘ ŀƴŘ abнмb5нлмрπллм ȅƛŜƭŘŜŘ ƳƻǊŜ ǘƘŀƴ ŀƭƭ ŎƘŜŎƪǎΦ !ƭƭ ǘƘǊŜŜ ǇƻǘŜƴǝŀƭ ǇǊƻŎŜǎǎƛƴƎ ŎƭƻƴŜǎ 

ŜȄƘƛōƛǘŜŘ ƘƛƎƘŜǊ ǎǇŜŎƛŬŎ ƎǊŀǾƛǘȅ ǘƘŀƴ ōƻǘƘ wǳǎǎŜǘ .ǳǊōŀƴƪ ŀƴŘ ¦Ƴŀǝƭƭŀ wǳǎǎŜǘΦ abнм/hмфнннπллн 

ŜȄƘƛōƛǘŜŘ ǘƘŜ ƘƛƎƘŜǎǘ ǎǇŜŎƛŬŎ ƎǊŀǾƛǘȅΣ ŦƻƭƭƻǿŜŘ ŎƭƻǎŜƭȅ ōȅ 9ƭƪ wƛǾŜǊ wǳǎǎŜǘ όabмомпнύ ŀƴŘ ǘƘŜƴ 

abнмb5нлмрπллмΦ ²Ŝ ƳŀŘŜ ƴƻ ǎŜƭŜŎǝƻƴǎ ŦǊƻƳ C¸р ŀƴŘ ƻƴŜ ŦǊƻƳ C¸с ό¢ŀōƭŜ уύΦ abмф!hwмслсмπллт 

Ƙŀǎ ǇƻǘŜƴǝŀƭ ŀǎ ŀ ŦǊŜǎƘ ƳŀǊƪŜǘ ǊǳǎǎŜǘΦ  ²Ŝ ƘŀǾŜ ǎŜƭŜŎǘŜŘ ǘǿƻ ƘƛƎƘ ȅƛŜƭŘƛƴƎ C¸т ǊǳǎǎŜǘǎ ǿƛǘƘ ŦǊŜǎƘ ƳŀǊƪŜǘ 

ǇƻǘŜƴǝŀƭΦ 

 

¢ŀōƭŜ тΦ нлнп C¸п ǊǳǎǎŜǘ ǎŜƭŜŎǝƻƴǎ  όȅƛŜƭŘǎ ŀǊŜ ǇǊŜǎŜƴǘŜŘ ŀǎ р wǳǎǎŜǘ .ǳǊōŀƴƪύΦ  

/ƭƻƴŜ ¸ƛŜƭŘ ab нлнп {D ab нлнп t±¸ ǊŜǎƛǎǘŀƴŎŜ tƻǘŜƴǝŀƭ 

abнмb5нлмрπллм ммм мΦлур b! 5ǳŀƭπǇǳǊǇƻǎŜ 

¦Ƴŀǝƭƭŀ wǳǎǎŜǘ млр мΦлтф b! b! 

[ŀƳƻƪŀ уо мΦлул су мΦлтт рф мΦлтм тт мΦлсу b! b! b! b! 

abмф!Cсуфнπллф то мΦлфс тс мΦлто млн мΦлуф ул мΦлтп мнф мΦлтл bƻ ¸Ŝǎ 

{ǳǇŜǊƛƻǊ см мΦлст пу мΦлст нт мΦлсп b! b! b! b! b! b! 



ун  

  

wǳǎǎŜǘ .ǳǊōŀƴƪ млл мΦлтс b! b! 

DƻƭŘǊǳǎƘ уф мΦлср b! b! 

abнмb5мфррπллн ур мΦлтп b! CǊŜǎƘ aŀǊƪŜǘ 

abнм/hмфлтоπллм тт мΦлул ¸Ŝǎ 5ǳŀƭπǇǳǊǇƻǎŜ 

5ŀƪƻǘŀ wǳǎǎŜǘ тп мΦлуо b! b! 

abнм/hмфнннπллн тн мΦлфо b! 5ǳŀƭπǇǳǊǇƻǎŜ 

abнм/hмфмутπллм тм мΦлтп b! CǊŜǎƘ aŀǊƪŜǘ 

9ƭƪ wƛǾŜǊ wǳǎǎŜǘ тл мΦлфл ¸Ŝǎ b! 

wǳǎǎŜǘ bƻǊƪƻǘŀƘ ср мΦлср b! b! 

 

¢ŀōƭŜ уΦ нлнп C¸с wǳǎǎŜǘ {ŜƭŜŎǝƻƴǎ όb!ǎ ƛƴŘƛŎŀǘŜ ǳƴƳŜŀǎǳǊŜŘ ǇƘŜƴƻǘȅǇŜǎΣ ¸ƛŜƭŘǎ ŀǊŜ ǇǊŜǎŜƴǘŜŘ ŀǎ ҈ wǳǎǎŜǘ 

.ǳǊōŀƴƪ ύ 

/ƭƻƴŜ 

¸ƛŜƭŘ 

ab 

нлнп 

{D ab 

нлнп 

¸ƛŜƭŘ 

ab 

нлно 

{D 

ab 

нлно 

¸ƛŜƭŘ 

ab 

нлнн 

{D 

ab 

нлнн 

¸ƛŜƭŘ 

aL 

нлнн 

{D aL 

нлнн 

¸ƛŜƭŘ 

²L 

нлнн 

{D ²L 

нлнн 

¸ƛŜƭŘ 

ab 

нлнм 

{D 

ab 

нлнм 

¦Ƴŀǝƭƭŀ wǳǎǎŜǘ млр мΦлтф тф мΦлтр ммп мΦлсс b! b! b! b! b! b! 

wǳǎǎŜǘ .ǳǊōŀƴƪ млл мΦлтс млл мΦлто млл мΦлст млл мΦлтр млл мΦлтм млл мΦлсл 

DƻƭŘǊǳǎƘ уф мΦлср ум мΦлсн фу мΦлру b! b! ммо мΦлсп фу мΦлрп 

abмф!hwмслсмπллт тп мΦлтн тр мΦлсф мнф мΦлсс ст мΦлсс млм мΦлсс со мΦлрс 

5ŀƪƻǘŀ wǳǎǎŜǘ тп мΦлуо тл мΦлтн b! b! b! b! b! b! b! b! 

9ƭƪ wƛǾŜǊ wǳǎǎŜǘ тл мΦлфл b! b! b! b! b! b! b! b! b! b! 

wǳǎǎŜǘ bƻǊƪƻǘŀƘ ср мΦлср уо мΦлсл ммо мΦлсл рп мΦлсм ммн мΦлтл рп мΦлрр 

 

 

 

 

 

 

¢ŀōƭŜ фΦ нлнп C¸т wǳǎǎŜǘ {ŜƭŜŎǝƻƴǎ όb!ǎ ƛƴŘƛŎŀǘŜ ǳƴƳŜŀǎǳǊŜŘ ǇƘŜƴƻǘȅǇŜǎΣ ¸ƛŜƭŘǎ ŀǊŜ ǇǊŜǎŜƴǘŜŘ ŀǎ ǇŜǊŎŜƴǘ wǳǎǎŜǘ 

.ǳǊōŀƴƪ ŜȄŎŜǇǘ ŦƻǊ ǘƘŜ ϝ ¸ƛŜƭŘ ǿƘƛŎƘ ƛǎ ǇǊŜǎŜƴǘŜŘ ŀǎ ǇŜǊŎŜƴǘ wǳǎǎŜǘ bƻǊƪƻǘŀƘύ 

/ƭƻƴŜ 

¸ƛŜƭŘ 

ab 

нлнп 

{D ab 

нлнп 

¸ƛŜƭŘ 

ab 

нлно 

{D 

ab 

нлно 

¸ƛŜƭŘ 

ab 

нлнн 

{D 

ab 

нлнн 

¸ƛŜƭŘ 

ab 

нлнм 

{D 

ab 

нлнм 

¸ƛŜƭŘ 

ab 

нлнлϝ 

{D 

ab 

нлнл 

¸ƛŜƭŘ 

²L 

нлнм 

{D ²L 

нлнм 

¸ƛŜƭŘ 

aL 

нлнм 

{D aL 

нлнм 

abму²мтлфмπлмр мнл мΦлсф мнф мΦлрс мср мΦлсс b! b! мор мΦлсн b! b! b! b! 

abму²мтлфмπллр млр мΦлтл ур мΦлтл мну мΦлпр моо мΦлрп нлс мΦлрт ул мΦлтп тф мΦлтн 



уо  

  

¦Ƴŀǝƭƭŀ wǳǎǎŜǘ млр мΦлтф тф мΦлтр ммп мΦлсс b! b! b! b! b! b! b! b! 

wǳǎǎŜǘ .ǳǊōŀƴƪ млл мΦлтс млл мΦлто млл мΦлст млл мΦлсл b! b! млл мΦлтт млл мΦлтн 

DƻƭŘǊǳǎƘ уф мΦлср ум мΦлсн фу мΦлру фу мΦлрп b! b! уф мΦлтм тс мΦлтл 

5ŀƪƻǘŀ wǳǎǎŜǘ тп мΦлуо тл мΦлтн b! b! b! b! b! b! b! b! b! b! 

9ƭƪ wƛǾŜǊ wǳǎǎŜǘ тл мΦлфл b! b! b! b! b! b! b! b! b! b! b! b! 

wǳǎǎŜǘ bƻǊƪƻǘŀƘ ср мΦлср уо мΦлсл ммо мΦлст рп мΦлрр млл мΦлрн фн мΦлсф то мΦлто 

 

²Ŝ ǎŜƭŜŎǘŜŘ ǘƘǊŜŜ ŬŜƭŘ ȅŜŀǊ п ǊŜŘ ǎƪƛƴƴŜŘ ǿƘƛǘŜ ƅŜǎƘŜŘ ŎƭƻƴŜǎΣ ŀƭƭ ƻŦ ǿƘƛŎƘ ƻǳǘ ȅƛŜƭŘŜŘ ŀǘ ƭŜŀǎǘ ƻƴŜ 

ŎƘŜŎƪ ό¢ŀōƭŜ млύΦ ²Ŝ ǎŜƭŜŎǘŜŘ ƴƻ C¸р ŎƭƻƴŜǎ ŀƴŘ ƻǳǊ Ƴƻǎǘ ŀŘǾŀƴŎŜŘ п ǊŜŘ ŎƭƻƴŜǎ ŦǊƻƳ C¸с ŀƴŘ т ό¢ŀōƭŜ 

мм ϧ мнύΦ  

 

¢ŀōƭŜ млΦ нлнп Cп̧ wŜŘ {ŜƭŜŎǝƻƴǎ 

/ƭƻƴŜ ¸ƛŜƭŘ ab нлнп 

wŜŘ bƻǊƭŀƴŘ млл 

abнм!Cтолтπллт фл 

wŜŘ tƻƴǝŀŎ уф 

aƻŘƻŎ ус 

5ŀǊƪ wŜŘ bƻǊƭŀƴŘ уп 

abнм!Cтолтπллс ул 

/ƘƛŜƊŀƛƴ ул 

abнм¢·нллрфπллм тт 

wŜŘ [ŀ{ƻŘŀ сф 

 

 

 

¢ŀōƭŜ ммΦ нлнп Cс̧ ŀƴŘ т wŜŘ {ŜƭŜŎǝƻƴǎ όb!ǎ ƛƴŘƛŎŀǘŜ ǳƴƳŜŀǎǳǊŜŘ ǇƘŜƴƻǘȅǇŜǎΦ ¸ƛŜƭŘǎ ŀǊŜ ǇǊŜǎŜƴǘŜŘ ŀǎ ǇŜǊŎŜƴǘ wŜŘ 

bƻǊƭŀƴŘΦ wŜŘƴŜǎǎΣ ǊƻǳƴŘƴŜǎǎΣ ƭƛƎƘǘƴŜǎǎΣ ŀƴŘ ǎƪƛƴƴƛƴƎ ǿŜǊŜ ƳŜŀǎǳǊŜŘ ǿƛǘƘ ¢ǳō!w ŘƛƎƛǘŀƭ ƛƳŀƎƛƴƎ ǎƻƊǿŀǊŜΦ wŜŘƴŜǎǎ 

ƛǎ ƳŜŀǎǳǊŜŘ ƻƴ ŀ ǎŎŀƭŜ ŦǊƻƳ ƎǊŜŜƴ πмлл ǘƻ ǊŜŘ мллΦ wƻǳƴŘƴŜǎǎ ƛǎ ƳŜŀǎǳǊŜŘ ƻƴ ŀ ǎŎŀƭŜ ŦǊƻƳ л ǘƻ мΣ ǿƛǘƘ м ōŜƛƴƎ ŀ 

ǇŜǊŦŜŎǘ ŎƛǊŎƭŜΦ [ƛƎƘǘƴŜǎǎ ƛǎ ƳŜŀǎǳǊŜŘ ƻƴ ŀ ǎŎŀƭŜ ŦǊƻƳ ōƭŀŎƪ л ǘƻ ǿƘƛǘŜ мллΦ {ƪƛƴƴƛƴƎ ƛǎ ƳŜŀǎǳǊŜŘ ƛƴ ǇŜǊŎŜƴǘ ŀǊŜŀ 

ǎƪƛƴƴŜŘΦύ 

 

/ƭƻƴŜ 
¸ƛŜƭŘ ab 

нлнп 
¸ƛŜƭŘ ab 

нлно 

wƻǳƴŘƴŜǎǎ 

нлно 
wŜŘƴŜǎǎ нлно 

{ƪƛƴƴƛƴƎ 

нлно 

[ƛƎƘǘƴŜǎǎ  

нлно 

abму/hмрлуоπллс мос b! b! b! b! b! 



уп  

  

wŜŘ bƻǊƭŀƴŘ млл млл лΦфсс мрΦп лΦлтр пфΦмнр 

abму²мтлнсπллн фс офо лΦфтн нлΦптр лΦлф псΦотр 

abму²мтллфπллм фн b! b! b! b! b! 

wŜŘ tƻƴǝŀŎ уф млн лΦфул нмΦп лΦнт ппΦу 

abмфb5мтрфπллм ут рлл лΦфуп мфΦр лΦлр рлΦлнр 

aƻŘƻŎ ус тл лΦфуп мпΦп лΦлмтр рлΦт 

5ŀǊƪ wŜŘ bƻǊƭŀƴŘ уп ур лΦфту мрΦу лΦлп роΦпнр 

/ƘƛŜƊŀƛƴ ул сп лΦфул мнΦртр лΦлннр рн 

wŜŘ [ŀ{ƻŘŀ сф фр лΦфст моΦу лΦло рл 

 

¢ŀōƭŜ мнΦ IƛǎǘƻǊƛŎ Řŀǘŀ ƻƴ нлнп C¸р ŀƴŘ с wŜŘ {ŜƭŜŎǝƻƴǎ όb!ǎ ƛƴŘƛŎŀǘŜ ǳƴƳŜŀǎǳǊŜŘ ǇƘŜƴƻǘȅǇŜǎΦ ¸ƛŜƭŘǎ ŀǊŜ 

ǇǊŜǎŜƴǘŜŘ ŀǎ ǇŜǊŎŜƴǘ wŜŘ bƻǊƭŀƴŘΦ wŜŘƴŜǎǎΣ ǊƻǳƴŘƴŜǎǎΣ ƭƛƎƘǘƴŜǎǎΣ ŀƴŘ ǎƪƛƴƴƛƴƎ ǿŜǊŜ ƳŜŀǎǳǊŜŘ ǿƛǘƘ ¢ǳō!w ŘƛƎƛǘŀƭ 

ƛƳŀƎƛƴƎ ǎƻƊǿŀǊŜΦ wŜŘƴŜǎǎ ƛǎ ƳŜŀǎǳǊŜŘ ƻƴ ŀ ǎŎŀƭŜ ŦǊƻƳ ƎǊŜŜƴ πмлл ǘƻ ǊŜŘ мллΦ wƻǳƴŘƴŜǎǎ ƛǎ ƳŜŀǎǳǊŜŘ ƻƴ ŀ ǎŎŀƭŜ 

ŦǊƻƳ л ǘƻ мΣ ǿƛǘƘ м ōŜƛƴƎ ŀ ǇŜǊŦŜŎǘ ŎƛǊŎƭŜΦ [ƛƎƘǘƴŜǎǎ ƛǎ ƳŜŀǎǳǊŜŘ ƻƴ ŀ ǎŎŀƭŜ ŦǊƻƳ ōƭŀŎƪ л ǘƻ ǿƘƛǘŜ мллΦ {ƪƛƴƴƛƴƎ ƛǎ 

ƳŜŀǎǳǊŜŘ ƛƴ ǇŜǊŎŜƴǘ ŀǊŜŀ ǎƪƛƴƴŜŘΦύ 

/ƭƻƴŜ 

¸ƛŜƭŘ 

ab 

нлнн 

¸ƛŜƭŘ 

²L 

нлнн 

¸ƛŜƭŘ 

aL 

нлнн 

wŜŘ 

нлнн 

[ƛƎƘǘ 

нлнн 

wƻǳƴŘ 

нлнн 

¸ƛŜƭŘ 

ab 

нлнм 

¸ƛŜƭŘ 

²L 

нлнм 

¸ƛŜƭŘ 

aL 

нлнм 

wŜŘ 

нлнм 

[ƛƎƘǘ 

нлнм 

wƻǳƴŘ 

нлнм 

{ƪƛƴƴƛƴƎ 

нлнм 

¸ƛŜƭŘ 

ab 

нлнл 

wŜŘ bƻǊƭŀƴŘ млл млл млл нлΦт прΦс лΦфсо млл млл млл фΦф рлΦп лΦфоф л млл 

wŜŘ [ŀ{ƻŘŀ фн фл мот ннΦу ппΦф лΦфун рп уф ун ммΦн b! лΦфст лΦопр b! 

wŜŘ tƻƴǝŀŎ ур b! b! b! b! b! b! b! b! уΦс ррΦс лΦфру лΦлнл b! 

5ŀǊƪ wŜŘ bƻǊƭŀƴŘ уп млс фт нмΦн птΦн лΦфтт млм уп ус ммΦс пуΦр лΦфрн л b! 

abму²мтлнсπллн тс b! b! фΦл рсΦм лΦфсм мсу моу мро ннΦт пмΦс лΦфтм b! фф 

abмфb5мтрфπллм тл b! b! ноΦу рлΦн лΦфун фр b! b! мрΦу роΦо лΦфур л b! 

/ƘƛŜƊŀƛƴ рф b! b! нмΦм пфΦт лΦфуп b! b! b! мнΦл рнΦу лΦфтф лΦртл b! 

aƻŘƻŎ оф b! b! b! b! b! b! b! b! ммΦф роΦн лΦфср лΦннл b! 



ур  

  

 

²Ŝ ƳŀŘŜ ŦƻǳǊ ȅŜƭƭƻǿ ǎƪƛƴƴŜŘ ȅŜƭƭƻǿ ƅŜǎƘ ǎŜƭŜŎǝƻƴǎΣ ŀƭƭ ƻŦ ǿƘƛŎƘ ƻǳǘ ȅƛŜƭŘ ¸ǳƪƻƴ DƻƭŘ ό¢ŀōƭŜ моύΦ 

!ŘŘƛǝƻƴŀƭƭȅ abмф!Cсфпрπлло ŜȄƘƛōƛǘǎ t±¸ ǊŜǎƛǎǘŀƴŎŜ ŀƴŘ abму/hмсмрпπллф ŜȄƘƛōƛǘǎ ǾŜǊǝŎƛƭƭƛǳƳ ǿƛƭǘ 

ǊŜǎƛǎǘŀƴŎŜΦ  

 

¢ŀōƭŜ моΦ нлнп C¸р ŀƴŘ с CǊŜǎƘ ƳŀǊƪŜǘ ȅŜƭƭƻǿ ǎŜƭŜŎǝƻƴǎ όb!ǎ ƛƴŘƛŎŀǘŜ ǳƴƳŜŀǎǳǊŜŘ ǇƘŜƴƻǘȅǇŜǎΣ ¸ƛŜƭŘ ƛǎ ǇŜǊŎŜƴǘ 

¸ǳƪƻƴ DƻƭŘ ŜȄŎŜǇǘ ƛƴ ϝ ǘǊƛŀƭǎ ǿƘŜǊŜ ƛǘ ƛǎ ǇŜǊŎŜƴǘ wŜŘ bƻǊƭŀƴŘύ 

/ƭƻƴŜ 

¸ƛŜƭŘ 

ab 

нлнп 

¸ƛŜƭŘ 

ab 

нлно 

¸ƛŜƭŘ 

ab 

нлнн 

¸ƛŜƭŘ 

ab 

нлнмϝ 

¸ƛŜƭŘ 

²L 

нлнм 

¸ƛŜƭŘ 

aL 

нлнмϝ 

¸ƛŜƭŘ 

ab 

нлнл 

t±¸ ±ŜǊǘ 

/ƻƭǳƳōŀ омт су b! b! b! b! b! b! b! 

abнм!Cтоолπлло мнр b! b! b! b! b! b! b! b! 

abму¢·мттслπллн мнп нлн ммр рн моу мрп нпм bƻ bƻ 

abму/hмсмрпπллф мно нло мпм фо фр ппм рт bƻ ¸Ŝǎ 

abмф!Cсфпрπлло ммп птм мсн мсу b! b! b! ¸Ŝǎ bƻ 

¸ǳƪƻƴ DƻƭŘ млл млл млл b! млл b! млл b! b! 

 

!ŎƪƴƻǿƭŜŘƎŜƳŜƴǘǎ 

 

¢ŜŀƳΥ hǳǊ ōǊŜŜŘƛƴƎ ǇǊƻƎǊŀƳ ƭƻƎƛǎǝŎǎ ǿŜǊŜ ƳŀƴŀƎŜŘ ōȅ 5ǊΦ ¢ƘƻƳŀǎ {ǘŜŦŀƴƛŀƪ ŀƴŘ [ŀǳǊŜƴ {ŜȄǘƻƴΦ tƻǎǘ 

5ƻŎ 5ǊΦ CŀƴƎ ²ŀƴƎ ŀƴŘ ǳƴŘŜǊƎǊŀŘǳŀǘŜ ǊŜǎŜŀǊŎƘ ǎǘǳŘŜƴǘ [ƛƭƛ LƳōƭŜǊ ƻǇǝƳƛȊŜŘ ǘƘŜ ōǊǳƛǎƛƴƎ ǇǊƻǘƻŎƻƭΦ tƻǎǘ 

5ƻŎ 5ǊΦ IŜŀǘƘŜǊ ¢ǳǧƭŜ ǿǊƻǘŜ ǘƘŜ ŀƴŀƭȅǎƛǎ ǎƻƊǿŀǊŜ ŀƴŘ ǎǳǇŜǊǾƛǎŜŘ ǳƴŘŜǊƎǊŀŘǳŀǘŜ ǎǘǳŘŜƴǘ IŀǊǇŜǊ ¢ƛǘƭŜ ƛƴ 

ǘŀƪƛƴƎ ōǊǳƛǎƛƴƎ ǇƛŎǘǳǊŜǎΦ hǘƘŜǊ ƭŀō ƳŜƳōŜǊǎ ǿƘƻ ŀǎǎƛǎǘŜŘ ƛƴ ǘƘŜǎŜ ǇǊƻƧŜŎǘǎ ƛƴŎƭǳŘŜΥ WŜǎǎƛ IǳŜƎŜΣ [ƻƎŀƴ 

wƻŘŜǿŀƭŘΣ {ŀǇǇƘƛǊŜ /ƻǊƻƴŜƧƻΣ ¢ƛƳƛ {ǳƴƳƻƴǳΣ 5ǊΦ aǳȅƛŘŜŜƴ ¸ǳǎǳŦΣ WƻƴŀǘƘŀƴ .ƻŜŎƪŜǊΣ {ŀŜƳƛ [ŜŜΣ DǊƛŶƴ 

.ǊƻŘΣ ŀƴŘ ¸ŜŜ ·ƛƻƴƎΦ 

¢ƘŜ ǘǊƛŀƭǎ ƛƴ ²L ŀƴŘ aL ǿŜǊŜ ƳŀƴŀƎŜŘ ōȅ 5ǊΦ WŜũǊŜȅ 9ƴŘŜƭƳŀƴ ŀƴŘ 5ǊΦ 5ŀǾƛŘ 5ƻǳŎƘŜǎΦ ¢ƘŜ 9ŀǊƭȅ 

DŜƴŜǊŀǝƻƴ {ƻǳǘƘŜǊƴ {ŜƭŜŎǝƻƴ ǘǊƛŀƭ ƛǎ ƳŀƴŀƎŜŘ ōȅ 5ǊΦ /ǊŀƛƎ ¸ŜƴŎƘƻ ƛƴ ŎƻƭƭŀōƻǊŀǝƻƴ ǿƛǘƘ tƻǘŀǘƻŜǎ ¦{!Φ 

CƛŜƭŘ Řŀǘŀ ƻƴ ǾŜǊǝŎƛƭƭƛǳƳ ǿƛƭǘ ƛǎ ŦǊƻƳ 5ǊΦ !ǎƘƛǎƘ wŀƴƧŀƴ ŀǘ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ aƛƴƴŜǎƻǘŀΦ YŜƛǘƘ aŀƴƴ ŀƴŘ Ƙƛǎ 

ǘŜŀƳ ǘƻƻƪ ŎŀǊŜ ƻŦ ƻǳǊ ŬŜƭŘǎ ŀǘ ǘƘŜ b/wh/ ǿƘƛƭŜ aŀǊƪ tŜǘŜǊǎƻƴ ǘƻƻƪ ŎŀǊŜ ƻŦ ƻǳǊ ŬŜƭŘ ŀǘ {twCΦ .Ŝƴ 

/ƭŀǎǎŜƴ ǎǳǇǇƻǊǘŜŘ ƻǳǊ ƎǊŜŜƴƘƻǳǎŜ ƻǇŜǊŀǝƻƴǎΦ 5ƻǳƎ .ǊƛƴƪƳŀƴ ǎǳǇǇƻǊǘŜŘ ƻǳǊ ƎǊƻǿǘƘ ŎƘŀƳōŜǊ ŀƴŘ ŎƻƭŘ 

ǎǘƻǊŀƎŜ ƻǇŜǊŀǝƻƴǎΦ  

 

DŜǊƳǇƭŀǎƳΥ ²Ŝ ŀǊŜ ƎǊŀǘŜŦǳƭ ǘƻ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ǇŜƻǇƭŜ ǿƘƻ ƘŀǾŜ ŎƻƴǘǊƛōǳǘŜŘ ƎŜǊƳǇƭŀǎƳ ǘƻ ǘƘŜ ŀōƻǾŜ 

ǇǊƻƧŜŎǘǎΥ {ŀƴŘƛ !ŀǊŜǎǘŀŘ ŀƴŘ ±ŀƭƭŜȅ ¢ƛǎǎǳŜ /ǳƭǘǳǊŜΣ aƛƪŜ .ŀƎƛƴǎƪƛ ŀƴŘ .ŀƎƛƴǎƪƛ CŀǊƳǎΣ 5ǊΦ WƻƘƴ .ŀƳōŜǊƎ 

ŀƴŘ ǘƘŜ bw{tс Ǉƻǘŀǘƻ ƎŜƴŜōŀƴƪΣ 5ǊΦ WŜũǊŜȅ 9ƴŘŜƭƳŀƴ ŀƴŘ ǘƘŜ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ ²ƛǎŎƻƴǎƛƴ tƻǘŀǘƻ .ǊŜŜŘƛƴƎ 
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tǊƻƎǊŀƳΣ 5ǊΦ {ŀƴƧŀȅ DǳǇǘŀΣ 5ŀǾƛŘ IŀŦƴŜǊ ŀƴŘ IŀŦƴŜǊ {ŜŜŘΣ 5ǊΦ 5ŀǾƛŘ IƻƭƳ ŀƴŘ ǘƘŜ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ /ƻƭƻǊŀŘƻ 

tƻǘŀǘƻ .ǊŜŜŘƛƴƎ tǊƻƎǊŀƳΣ tŜǘŜǊ LƳƭŜΣ 5ǊΦ DǊŜƎ tƻǊǘŜǊ ŀƴŘ ǘƘŜ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ aŀƛƴŜ tƻǘŀǘƻ .ǊŜŜŘƛƴƎ 

tǊƻƎǊŀƳΣ 5ǊΦ /ŀǊƭ wƻǎŜƴΣ 5ǊΦ {ŀƎŀǊ {ŀǘƘǳǾŀƭƭƛ ŀƴŘ ǘƘŜ hǊŜƎƻƴ {ǘŀǘŜ ¦ƴƛǾŜǊǎƛǘȅ tƻǘŀǘƻ .ǊŜŜŘƛƴƎ ǇǊƻƎǊŀƳΣ 

5ǊΦ !ǎǳƴǘŀ ¢ƘƻƳǎǇƻƴ ŀƴŘ ǘƘŜ bƻǊǘƘ 5ŀƪƻǘŀ {ǘŀǘŜ ¦ƴƛǾŜǊǎƛǘȅ tƻǘŀǘƻ .ǊŜŜŘƛƴƎ tǊƻƎǊŀƳΣ ŀƴŘ 5ǊΦ LǎŀōŜƭ 

±ŀƭŜǎ ŀƴŘ ǘƘŜ ¢ŜȄŀǎ !ϧa tƻǘŀǘƻ .ǊŜŜŘƛƴƎ tǊƻƎǊŀƳΦ  

 

CǳƴŘƛƴƎΥ hǳǊ Ǉƻǘŀǘƻ ōǊŜŜŘƛƴƎ ŜũƻǊǘǎ ŀǊŜ ŦǳƴŘŜŘ ōȅ ǘƘŜ aƛƴƴŜǎƻǘŀ !ǊŜŀ LL tƻǘŀǘƻ wŜǎŜŀǊŎƘ ŀƴŘ 

tǊƻƳƻǝƻƴ /ƻǳƴŎƛƭΣ ǘƘŜ aƛƴƴŜǎƻǘŀ 5ŜǇŀǊǘƳŜƴǘ ƻŦ !ƎǊƛŎǳƭǘǳǊŜ ǘƘǊƻǳƎƘ ǘƘŜ !Dw99¢¢ ǇǊƻƎǊŀƳΣ ŀƴŘ ǘƘŜ 

¦{5!πbLC! ǘƘǊƻǳƎƘ ǘƘŜ tƻǘŀǘƻ {ǇŜŎƛŀƭ wŜǎŜŀǊŎƘ DǊŀƴǘΦ  

 

wŜŦŜǊŜƴŎŜǎ 

 

IŜƴŘǊƛŎƪǎΣ wΦ[ΦΤ hƭǎŜƴΣ bΦΤ ¢ƘƻǊǘƻƴΣ aΦYΦΤ IŀǘȊŜƴōŜǳƘƭŜǊΣ tΦ όнлннύΦ {ǳǎŎŜǇǝōƛƭƛǘȅ ƻŦ Ǉƻǘŀǘƻ ŎǳƭǝǾŀǊǎ ǘƻ 
ōƭŀŎƪǎǇƻǘ ŀƴŘ ǎƘŀǧŜǊ ōǊǳƛǎŜ ŀǘ ǘƘǊŜŜ ƛƳǇŀŎǘ ƘŜƛƎƘǘǎΦ !ƳŜǊƛŎŀƴ WƻǳǊƴŀƭ ƻŦ tƻǘŀǘƻ wŜǎŜŀǊŎƘΦ ффΣ оруπосуΦ 

 

IƻƭƭƛƴƎǎƘŜŀŘΣ !ΦYΦΤ IŜƴŘǊƛŎƪǎΣ wΦ[ΦΤ hƭǎŜƴΣ bΥ ¢ƘƻǊǘƻƴΣ aΦ όнлнлύΦ aƻƴƛǘƻǊƛƴƎ ǘƻƻƭǎ ŦƻǊ ŀ Ǉƻǘŀǘƻ ōǊǳƛǎŜ 

ǇǊŜǾŜƴǝƻƴ tǊƻƎǊŀƳΦ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ LŘŀƘƻ 9ȄǘŜƴǎƛƻƴΦ  

 

YŀǊƭǎǎƻƴΣ .ΦIΦΤ tŀƭǘŀΣ WΦtΦΤ /ǊǳƳǇΣ tΦaΦ όнллсύ 9ƴƘŀƴŎƛƴƎ ǘǳōŜǊ ŎŀƭŎƛǳƳ ŎƻƴŎŜƴǘǊŀǝƻƴ Ƴŀȅ ǊŜŘǳŎŜ ƛƴŎƛŘŜƴŎŜ 
ƻŦ ōƭŀŎƪǎǇƻǘ ōǊǳƛǎŜ ƛƴƧǳǊȅ ƛƴ ǇƻǘŀǘƻΦ IƻǊǘ {ŎƛΦ пмόрύΣ мнмоπмннм 

 

Kelderman, K. T. (2017). Pressure Flattening of Potatoes During Bulk Storage. 

[ŀǘƘƛƳΣ 5Φ όнлмфύΦ aƻǊŜ ǘƘŀƴ ǇƻǘŀǘƻŜǎ ǿŜǊŜ ōǊǳƛǎŜŘ ƛƴ нлмуΦ tƻǘŀǘƻ /ƻǳƴǘǊȅΦ 

 

aƛƭƭŜǊΣ aƛŎƘŀŜƭ 5ΦΤ {ŎƘƳƛǘȊ /ŀǊƭŜȅΣ /Φ!ΦΤ CƛƎǳŜǊƻŀΣ wΦΤ CŜƭŘƳŀƴΣ aΦΤ IŀŀƎŜƴǎƻƴΣ 5ΦΤ {ƘŀƴƴƻƴΣ [ΦaΦ  όнлннύ 
¢ǳō!wΥ ŀƴ w tŀŎƪŀƎŜ ŦƻǊ vǳŀƴǝŦȅƛƴƎ ¢ǳōŜǊ {ƘŀǇŜ ŀƴŘ {ƪƛƴ ¢Ǌŀƛǘǎ ŦǊƻƳ LƳŀƎŜǎΦ !ƳŜǊƛŎŀƴ WƻǳǊƴŀƭ ƻŦ tƻǘŀǘƻ 
wŜǎŜŀǊŎƘΦ мπммΦ 

 

Muthukumarappan, K.; Gunasekaran, S.; Buelow, F. H.; Curwen, D. (1994) Investigations on 
potato storage management for control of pressure bruising. In American Society of Agricultural 
Engineers Meeting (USA). 

Shetty, K. K.; Dwelle, R. B.; Fellman, J. K.; Patterson, M. E. (1991). Blackspot injury of film-
wrapped potatoes in relation to bruising and respiratory gases. Potato research 34(3): 253-260. 
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Sood, S.;  Lin, Z.; Caruana, B.; Slater, A.T.; Daetwyler, H.D. (2020). Making the most of all data: 
Combining non-genotyped and genotyped potato individuals with HBLUP. The Plant Genome 
13(3): e20056.  

¢ƘƻǊƴǘƻƴΣ aΦΤ ²Φ .ƻƘƭΦ όмффрύ tǊŜǾŜƴǝƴƎ Ǉƻǘŀǘƻ ōǊǳƛǎŜ ŘŀƳŀƎŜΦ 9ȄǘŜƴǎƛƻƴ .ǳƭƭŜǝƴ тнрΦ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ 

LŘŀƘƻΣ aƻǎŎƻǿΣ L5 

 

·ƛŜΣ {ΦΤ ²ŀƴƎΣ /ΦΤ 5ŜƴƎΣ ²Φ όнлнлύΦ 9ȄǇŜǊƛƳŜƴǘŀƭ ǎǘǳŘȅ ƻƴ Ŏƻƭƭƛǎƛƻƴ ŀŎŎŜƭŜǊŀǝƻƴ ŀƴŘ ŘŀƳŀƎŜ 

ŎƘŀǊŀŎǘŜǊƛǎǝŎǎ ƻŦ ǇƻǘŀǘƻΦ WƻǳǊƴŀƭ ƻŦ CƻƻŘ tǊƻŎŜǎǎ 9ƴƎƛƴŜŜǊƛƴƎ поΥ мςтΦ 

 

¸ǳǎǳŦΣ aΦΤ aƛƭƭŜǊΣ aΦ5ΦΤ {ǘŜŦŀƴƛŀƪΣ ¢ΦwΦΤ IŀŀƎŜƴǎƻƴΣ 5ΦΤ 9ƴŘŜƭƳŀƴΣ WΦ.ΦΤ ¢ƘƻƳǇǎƻƴΣ !Φ[ΦΤ {ƘŀƴƴƻƴΣ [ΦaΦ 

όнлнпύΦ DŜƴƻƳƛŎ ǇǊŜŘƛŎǝƻƴ ŦƻǊ Ǉƻǘŀǘƻ ό{ƻƭŀƴǳƳ ǘǳōŜǊƻǎǳƳύ ǉǳŀƭƛǘȅ ǘǊŀƛǘǎ ƛƳǇǊƻǾŜŘ ǘƘǊƻǳƎƘ ƛƳŀƎŜ 

ŀƴŀƭȅǎƛǎΦ ¢ƘŜ tƭŀƴǘ DŜƴƻƳŜΦ мтόпύΥ Ŝнлрлт 
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Report for Proposal Title: нлнп {ǳǇǇƻǊǘ ƻŦ LǊǊƛƎŀǘŜŘ tƻǘŀǘƻ wŜǎŜŀǊŎƘ ŦƻǊ bƻǊǘƘ 5ŀƪƻǘŀ ŀƴŘ aƛƴƴŜǎƻǘŀ  

Submitted to Northland & MN Area II Potato Growers Associations  

  

Principle Investigator: WǳƭƛŜ tŀǎŎƘŜΣ 5ŜǇŀǊǘƳŜƴǘ ƻŦ tƭŀƴǘ tŀǘƘƻƭƻƎȅΣ bƻǊǘƘ 5ŀƪƻǘŀ   

{ǘŀǘŜ ¦ƴƛǾŜǊǎƛǘȅΣ CŀǊƎƻΣ b5 румлнΦ WǳƭƛŜΦtŀǎŎƘŜϪb5{¦ΦŜŘǳΤ тлмπномπтрпт  

Co-Principle Investigator: DŀǊȅ {ŜŎƻǊ  

Collaborators: {ǳǎƛŜ ¢ƘƻƳǇǎƻƴΣ IŀǊƭŜƴŜ IŀǧŜǊƳŀƴπ±ŀƭŜƴǝΣ !ƴŘȅ wƻōƛƴǎƻƴ  

  

Executive Summary: bƻǊǘƘ 5ŀƪƻǘŀ {ǘŀǘŜ ¦ƴƛǾŜǊǎƛǘȅ Ƙŀǎ ŎƻƴŘǳŎǘŜŘ ƛǊǊƛƎŀǘŜŘ Ǉƻǘŀǘƻ ǊŜǎŜŀǊŎƘ ŦƻǊ ƻǾŜǊ ол 

ȅŜŀǊǎΦ hǾŜǊ ǘƘŀǘ ǝƳŜΣ ƎǊƻǿŜǊǎ ƘŀǾŜ ƎǊŀŎƛƻǳǎƭȅ ǎǳǇǇƻǊǘŜŘ ǘƘƛǎ ŜũƻǊǘ ŀƴŘΣ ƛƴ ǊŜǘǳǊƴΣ ƘŀŘ ŀŎŎŜǎǎ ǘƻ ǘƘŜ 

ǿŜŀƭǘƘ ƻŦ ƛƴŦƻǊƳŀǝƻƴ ƎŜƴŜǊŀǘŜŘ ƛƴ ǘƘŜ ŀǊŜŀǎ ƻŦ ŎǳƭǝǾŀǊ ŘŜǾŜƭƻǇƳŜƴǘΣ ƳŀƴŀƎŜƳŜƴǘ ǇǊŀŎǝŎŜǎ ǎǳŎƘ ŀǎ 

Ǌƻǿ ǎǇŀŎƛƴƎΣ ǾƛƴŜ ŘŜǎƛŎŎŀǝƻƴΣ ƘŜǊōƛŎƛŘŜ ŜŶŎŀŎȅ ŀƴŘ ŘŀƳŀƎŜΣ ƴǳǘǊƛŜƴǘ ŀƴŘ ŘƛǎŜŀǎŜ ƳŀƴŀƎŜƳŜƴǘΣ ŀƴŘ 

ǇƘȅǎƛƻƭƻƎƛŎŀƭ ŘŜŦŜŎǘǎ ƛƴŎƭǳŘƛƴƎ ǎǳƎŀǊ ŜƴŘǎΣ ŀƳƻƴƎ ƻǘƘŜǊǎΦ {ǇŜŎƛŬŎŀƭƭȅΣ ǘǊƛŀƭǎ ŎƻƴŘǳŎǘŜŘ ŀǘ ǘƘŜ ƛǊǊƛƎŀǘŜŘ 

ǊŜǎŜŀǊŎƘ ǎƛǘŜ ƴŜŀǊ LƴƪǎǘŜǊΣ b5Σ ƘŀǾŜ ŎƻƴǘǊƛōǳǘŜŘ ǘƻ ǘǊŀŎƪƛƴƎ ŦǳƴƎƛŎƛŘŜ ǊŜǎƛǎǘŀƴŎŜ ƛƴ ǘƘŜ ŜŀǊƭȅ ōƭƛƎƘǘ ŀƴŘ 

ōǊƻǿƴ ǎǇƻǘ ǇŀǘƘƻƎŜƴǎ ƛƴ ǘƘŜ ǊŜƎƛƻƴΦ ²Ŝ ŀƭǎƻ ƘŀǾŜ ŜǾŀƭǳŀǘŜŘ ŦƻƭƛŀǊ ŀƴŘ ǎŜŜŘ ǘǊŜŀǘƳŜƴǘ ŦǳƴƎƛŎƛŘŜǎ ƛƴ ŀ 

ǇǊƻƎǊŀƳ ŀǇǇǊƻŀŎƘ ǎǇŜŎƛŬŎ ŦƻǊ ǘƘŜ ǇŀǘƘƻƎŜƴǎ ŀƴŘ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ŎƻƴŘƛǝƻƴǎ ƛƴ ǘƘƛǎ ǊŜƎƛƻƴΣ ŀƴŘ 

ŎƻƴŘǳŎǘŜŘ ŘŜƳƻƴǎǘǊŀǝƻƴ Ǉƭƻǘǎ ŦƻǊ ǘƘŜ ƎǊƻǿŜǊǎΦ ¢ƘŜǎŜ ŜũƻǊǘǎ ƘŀǾŜ ŦŀŎƛƭƛǘŀǘŜŘ ƳƻǊŜ ǝƳŜƭȅ ŀƴŘ ǊŜƭŜǾŀƴǘ 

ƎǊƻǿŜǊ ǊŜŎƻƳƳŜƴŘŀǝƻƴǎΦ ²ƛǘƘƻǳǘ ǘƘŜ LƴƪǎǘŜǊ ǎƛǘŜΣ ǘƘŜ ŀōƛƭƛǘȅ ƻŦ ǘƘŜ ƛƴŘǳǎǘǊȅ ǘƻ ǊŜŀŎǘ ǘƻ ŎƘŀƴƎŜǎ ƛƴ 

ƳŀƴŀƎŜƳŜƴǘ ŦƻǊ ƛǊǊƛƎŀǘŜŘ Ǉƻǘŀǘƻ ǇǊƻŘǳŎǝƻƴ ŎƻƴŘƛǝƻƴǎ ƛƴ ƻǳǊ ǊŜƎƛƻƴ ǿƻǳƭŘ ōŜ ǎŜǾŜǊŜƭȅ ƛƳǇŜŘŜŘΦ LŦ ȅƻǳ 

ƘŀǾŜ ǳǝƭƛȊŜŘ ǊŜŎƻƳƳŜƴŘŀǝƻƴǎ ŦǊƻƳ b5{¦ ŦƻǊ ƳŀƴŀƎƛƴƎ ȅƻǳǊ Ǉƻǘŀǘƻ ŎǊƻǇΣ ȅƻǳ ƘŀǾŜ ōŜƴŜŬǧŜŘ ŦǊƻƳ ǘƘŜ 

ǿƻǊƪ ŎƻƴŘǳŎǘŜŘ ŀǘ ǘƘŜ LƴƪǎǘŜǊ ǎƛǘŜΦ   

  

!ƴ ŜƴƻǊƳƻǳǎ ǘƘŀƴƪ ȅƻǳ ƎƻŜǎ ƻǳǘ ǘƻ wǳǎǎŜƭƭ .ŜƴȊΣ 5Ŝŀƴ tŜǘŜǊǎƻƴΣ IǳƴǘŜǊ .ŜƴǧŜƴΣ WŀǾƛŜǊ /ŀƻΣ {ǳƴƛƭ 

{ƘǊŜǎǘƘŀΣ aŀǊŎƛƻ ½ŀŎŎŀǊƻƴΣ {ǳƧŀǘŀ ¸ŀŘŀǾΣ wŀŎƘŜƭ {ŜƭǎǘŜŘǘΣ YƛƳπ½ƛǘƴƛŎƪ !ƴŘŜǊǎƻƴ ŀƴŘ ǘƘŜ ŜƴǝǊŜ ŬŜƭŘ ǎǘŀũ 

ŦƻǊ ǘƘŜƛǊ ǿƻǊƪ ƻƴ ǘƘƛǎ ǊŜǎŜŀǊŎƘΦ ²Ŝ ŀǇǇǊŜŎƛŀǘŜ ǘƘŜ ƎŜƴŜǊƻǳǎ ŎƻƻǇŜǊŀǝƻƴ ŦǊƻƳ CƻǊŜǎǘ wƛǾŜǊ /ƻƭƻƴȅ ŦƻǊ 

ŀǎǎƛǎǘŀƴŎŜ ǿƛǘƘ ǝƭƭŀƎŜΣ ƛǊǊƛƎŀǝƻƴΣ ŀƴŘ ƎŜƴŜǊŀƭ ǎǳǇǇƻǊǘΦ ¢Ƙƛǎ ŜũƻǊǘ ǿŀǎ ƎŜƴŜǊƻǳǎƭȅ ŦǳƴŘŜŘ ōȅ ǘƘŜ ab !ǊŜŀ 

LL tƻǘŀǘƻ DǊƻǿŜǊ ŀƴŘ ǘƘŜ bƻǊǘƘƭŀƴŘ tƻǘŀǘƻ DǊƻǿŜǊ !ǎǎƻŎƛŀǝƻƴǎΦ  

  

Rationale: LǊǊƛƎŀǘŜŘ Ǉƻǘŀǘƻ ǇǊƻŘǳŎǝƻƴ ŀŎŎƻǳƴǘǎ ŦƻǊ ŀǇǇǊƻȄƛƳŀǘŜƭȅ сл҈ ƻŦ ǘƻǘŀƭ ǇǊƻŘǳŎǝƻƴ ƛƴ ǘƘŜ ǊŜƎƛƻƴ 

ŀƴŘ ŘƛũŜǊǎ ǎǳōǎǘŀƴǝŀƭƭȅ ŦǊƻƳ ƴƻƴπƛǊǊƛƎŀǘŜŘ ǇǊƻŘǳŎǝƻƴΦ ¢ƘŜ ƳŀƧƻǊƛǘȅ ƻŦ ǘƘŜ ƛǊǊƛƎŀǘŜŘ Ǉƻǘŀǘƻ ǇǊƻŘǳŎǝƻƴ ƛǎ 

ǳǎŜŘ ƛƴ ŦǊƻȊŜƴ ǇǊƻŎŜǎǎƛƴƎΣ ŀƴŘ ŀǎ ŀ ǊŜǎǳƭǘΣ ǘƘŜ ǎǇŜŎǘǊǳƳ ƻŦ ŎǳƭǝǾŀǊǎ ƎǊƻǿƴ ǳƴŘŜǊ ƛǊǊƛƎŀǝƻƴ ŘƛũŜǊǎ ƎǊŜŀǘƭȅ 

ŦǊƻƳ ǘƘƻǎŜ ǇǊƻŘǳŎŜŘ ǳƴŘŜǊ ƴƻƴπƛǊǊƛƎŀǘŜŘ ŎƻƴŘƛǝƻƴǎΦ Lƴ ŀŘŘƛǝƻƴΣ ǘƘŜ ǇǊŜǎǎǳǊŜ ŦǊƻƳ ŘƛǎŜŀǎŜǎΣ ƛƴǎŜŎǘ ŀƴŘ 

ǿŜŜŘ ǇŜǎǘǎΣ ŀƴŘ ŦŜǊǝƭƛȊŜǊ ŘƛũŜǊ ǎƛƎƴƛŬŎŀƴǘƭȅ ŦƻǊ ƛǊǊƛƎŀǘŜŘ Ǉƻǘŀǘƻ ǇǊƻŘǳŎǝƻƴ ŎƻƳǇŀǊŜŘ ǘƻ ǇƻǘŀǘƻŜǎ 

ǇǊƻŘǳŎŜŘ ǳƴŘŜǊ ƴƻƴπƛǊǊƛƎŀǘŜŘ ŎƻƴŘƛǝƻƴǎΦ {ƻƳŜ ƻŦ ǘƘŜ Ƴƻǎǘ ƛƳǇŀŎǜǳƭ ǊŜǎŜŀǊŎƘ ŬƴŘƛƴƎǎ ŦǊƻƳ ǘƘƛǎ ǎƛǘŜ 

ƛƴŎƭǳŘŜ ǉǳŀƴǝŬŎŀǝƻƴ ƻŦ ǘƘŜ ±ŜǊǝŎƛƭƭƛǳƳ ǿƛƭǘ ŀƴŘ ōƭŀŎƪ Řƻǘ ǇŀǘƘƻƎŜƴǎ ŦǊƻƳ ǎƻƛƭ ŀƴŘ ǎǘŜƳ ǝǎǎǳŜΦ ¢Ƙƛǎ 

ǿƻǊƪ ǇǊƻǾƛŘŜŘ ǳǎ ǿƛǘƘ ŀ ƳŜŀƴǎ ǘƻ ŘŜǘŜǊƳƛƴŜ Ƙƻǎǘ ǊŜǎƛǎǘŀƴŎŜ ǘƻ ǘƘŜ ǇŀǘƘƻƎŜƴǎ ŀƴŘ Ƙƻǿ ƳǳŎƘ ǇŀǘƘƻƎŜƴ 

ƛǎ ōŜƛƴƎ ǊŜǘǳǊƴŜŘ ǘƻ ǘƘŜ ǎƻƛƭΣ ŀƭƭƻǿƛƴƎ ǳǎ ǘƻ ƳŀƪŜ ƎǊƻǿŜǊ ǊŜŎƻƳƳŜƴŘŀǝƻƴǎ ōŀǎŜŘ ƻƴ ǇŀǘƘƻƎŜƴ 

ǇǊƻŘǳŎǝƻƴΣ ƴƻǘ Ƨǳǎǘ Ǿƛǎǳŀƭ ǎȅƳǇǘƻƳǎ ǘƘŀǘ Ŏŀƴ ǾŀǊȅ ŘŜǇŜƴŘƛƴƎ ƻƴ ǘƘŜ ŜƴǾƛǊƻƴƳŜƴǘ ŀƴŘ ŎǳƭǝǾŀǊ ƳŀǘǳǊƛǘȅΦ 

¢Ǌƛŀƭǎ ŎƻƴŘǳŎǘŜŘ ŀǘ LƴƪǎǘŜǊ ŀƭǎƻ ƘŀǾŜ ŦŀŎƛƭƛǘŀǘŜŘ ƻǳǊ ŀōƛƭƛǘȅ ǘƻ ǘǊŀŎƪ ǊŜǎƛǎǘŀƴŎŜ ǘƻ vƻL ŀƴŘ {5IL ŦǳƴƎƛŎƛŘŜǎ 

ƛƴ ǘƘŜ ŜŀǊƭȅ ōƭƛƎƘǘ ŀƴŘ ōǊƻǿƴ ǎǇƻǘ ǇŀǘƘƻƎŜƴǎ ƛƴ ǘƘŜ ǊŜƎƛƻƴΦ !ŘŘƛǝƻƴŀƭƭȅΣ ǿŜ ƘŀǾŜ ŜǾŀƭǳŀǘŜŘ ŦǳƴƎƛŎƛŘŜǎ ƛƴ 

ŀ ǇǊƻƎǊŀƳ ŀǇǇǊƻŀŎƘ ǎǇŜŎƛŬŎ ǘƻ ǘƘŜ ǇŀǘƘƻƎŜƴǎ ŀƴŘ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ŎƻƴŘƛǝƻƴǎ ƛƴ ǘƘƛǎ ǊŜƎƛƻƴΦ !ƎŀƛƴΣ ǘƘƛǎ 



уф  

  

ŀƭƭƻǿǎ ǳǎ ǘƻ ƳŀƪŜ ǝƳŜƭȅ ŀƴŘ ǊŜƭŜǾŀƴǘ ƎǊƻǿŜǊ ǊŜŎƻƳƳŜƴŘŀǝƻƴǎΦ ¢Ǌƛŀƭǎ ŎƻƴŘǳŎǘŜŘ ŀǘ ǘƘŜ LƴƪǎǘŜǊ ǎƛǘŜ 

ŦŀŎƛƭƛǘŀǘŜ ǘƘŜ ǎŎǊŜŜƴƛƴƎ ƻŦ ǊŜƎƛǎǘŜǊŜŘ ŀƴŘ ƴƻǾŜƭ ǇǊƻŘǳŎǘǎ ǘƻ ǇǊƻǾƛŘŜ ǎǘŀǝǎǝŎŀƭƭȅ ǳƴōƛŀǎŜŘ ŜǾŀƭǳŀǝƻƴǎ ŦƻǊ 

ǘƘŜ ōŜƴŜŬǘ ƻŦ ǘƘŜ Ǉƻǘŀǘƻ ƛƴŘǳǎǘǊȅ ŀƴŘ ƎǊƻǿŜǊǎΦ ¢ƻ ōŜ ŀǇǇƭƛŎŀōƭŜ ǘƻ ǘƘŜ Ƴŀƴȅ ƛǊǊƛƎŀǘŜŘ Ǉƻǘŀǘƻ ƎǊƻǿŜǊǎ ƛƴ 

ǘƘŜ ǊŜƎƛƻƴΣ ǊŜǎŜŀǊŎƘ Ƴǳǎǘ ōŜ ŎƻƴŘǳŎǘŜŘ ǳƴŘŜǊ ƛǊǊƛƎŀǘŜŘ ŎƻƴŘƛǝƻƴǎΣ ƳƛƳƛŎƪƛƴƎ ŀǎ ƳǳŎƘ ŀǎ ǇƻǎǎƛōƭŜ ǘƘŜ 

ƎǊƻǿŜǊ ŜȄǇŜǊƛŜƴŎŜΦ  

  

¢ƘŜ ŦǳƴŘƛƴƎ ŦƻǊ ǘƘŜ ƳŀƴŀƎŜƳŜƴǘ ƻŦ ǘƘŜ LƴƪǎǘŜǊ ƛǊǊƛƎŀǘŜŘ ǊŜǎŜŀǊŎƘ ǎƛǘŜ ŦŀŎƛƭƛǘŀǘŜǎ ǘƘŜ ǳǎŜ ƻŦ ǘƘŜ ǎƛǘŜ ōȅ 

Ǉƻǘŀǘƻ ǊŜǎŜŀǊŎƘ ǇǊƻƧŜŎǘǎΦ ¢ƘŜ ŜȄǇŜƴǎŜǎ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ƳŀƴŀƎƛƴƎ ǘƘŜ ǊŜǎŜŀǊŎƘ ǎƛǘŜ ƛƴŎƭǳŘŜ ƎŜƴŜǊŀƭ 

ƳŀƛƴǘŜƴŀƴŎŜ ŦƻǊ ŀƭƭ ǊŜǎŜŀǊŎƘ ǘǊƛŀƭǎ όǎƻƛƭ ǝƭƭŀƎŜΣ ŎǳƭǝǾŀǝƻƴΣ ǎŎƘŜŘǳƭƛƴƎ ŀƴŘ ǇŜǊŦƻǊƳƛƴƎ ƛǊǊƛƎŀǝƻƴΣ ŦŜǊǝƭƛǘȅ 

ƳŀƴŀƎŜƳŜƴǘΣ ŀǇǇƭƛŎŀǝƻƴ ƻŦ ƘŜǊōƛŎƛŘŜǎΣ ŦǳƴƎƛŎƛŘŜǎ ŀƴŘ ƛƴǎŜŎǝŎƛŘŜǎΣ ŜǘŎΦύ ƛƴ ŀŘŘƛǝƻƴ ǘƻ ŀǎǎƛǎǝƴƎ ƛƴ 

ǇƭŀƴǝƴƎ ŀƴŘ ƘŀǊǾŜǎǘ ƻǇŜǊŀǝƻƴǎ ŀǎ ƴŜŜŘŜŘΦ ¢ƘŜ Ǉƻǘŀǘƻ ǇŀǘƘƻƭƻƎȅ ƳŀƴŀƎŜƳŜƴǘ ǘŜŀƳ ŀƭǎƻ ƳƻƴƛǘƻǊǎ ǎƻƛƭπ

ōƻǊƴŜ ǇŀǘƘƻƎŜƴǎ ǘƻ ƳŀƪŜ ǘƘŜ ƛǊǊƛƎŀǘŜŘ ǊŜǎŜŀǊŎƘ ǎƛǘŜ ǳǎŜŦǳƭ ǘƻ ŜǾŜǊȅƻƴŜΦ hǳǊ ǊŜǎŜŀǊŎƘ ǘŜŀƳ ŎƻƻǊŘƛƴŀǘŜǎ 

ǘƘŜ ŦǳƳƛƎŀǝƻƴ ƻŦ ǘƘŜ LƴƪǎǘŜǊ ǎƛǘŜ ǿƛǘƘ IƻǾŜǊǎƻƴ CŀǊƳǎ ŀƴŘ Ƙŀǎ ōŜŜƴ ŀōƭŜ ǘƻ ǎŜŎǳǊŜ ±ŀǇŀƳ Řƻƴŀǝƻƴǎ 

ŦǊƻƳ !Ƴ±ŀŎ ŦƻǊ ōƻǘƘ ǘƘŜ btD! ŀƴŘ  

IƻǾŜǊǎƻƴ CŀǊƳǎ ǘƻ ƻũǎŜǘ ŀƭƭ ŜȄǇŜƴǎŜǎ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ǘƘƛǎ ŦǳƳƛƎŀǝƻƴΣ ŀǎ ƴŜŜŘŜŘΦ ¢Ƙƛǎ ǎŀǾŜǎ ǘƘŜ 

btD!κab!LL ŀǇǇǊƻȄƛƳŀǘŜƭȅ ϷтΣрлл ŀƴƴǳŀƭƭȅΦ ¢ƘŜ LƴƪǎǘŜǊ Ǉƭƻǘ ŎƻƻǊŘƛƴŀǘƻǊ ŀƭǎƻ Ǉƭŀƴǘǎ ŀƭƭ ŎƻǾŜǊ ŎǊƻǇǎ ŀƴŘ 

ŀǎǎƛǎǘǎ ƛƴ ǇƭŀƴƴƛƴƎ ǘƘŜ ŀƴƴǳŀƭ ŬŜƭŘ ŘŀȅΦ  

  

¢ƘŜ ǘƻǘŀƭ Ŏƻǎǘ ƻŦ ƎŜƴŜǊŀƭ ƳŀƴŀƎŜƳŜƴǘ όǘǊŀǾŜƭΣ ƭŀōƻǊΣ ǎǳǇǇƭƛŜǎΣ ŀƴŘ ǊŜǇŀƛǊǎύ ƻŦ ǘƘŜ ƛǊǊƛƎŀǘŜŘ Ǉƻǘŀǘƻ 

ǊŜǎŜŀǊŎƘ ƛƴ нлнр ƴŜŀǊ LƴƪǎǘŜǊΣ b5Σ ŀǘ ǘƘŜ btD! ǊŜǎŜŀǊŎƘ ǎƛǘŜ ǿŀǎ ƻǾŜǊ ϷутΣлллΦ ²Ŝ ŎƻƴǝƴǳŜ ǘƻ ƳŀƪŜ ŀ 

ŎƻƴŎŜǊǘŜŘ ŜũƻǊǘ ǘƻ ǊŜπŜǾŀƭǳŀǘŜ ŀƭƭ ƻǇŜǊŀǝƻƴǎ ŀƴŘ ǘƻ ƛƴŎǊŜŀǎŜ ŜŶŎƛŜƴŎƛŜǎ ƛƴ ǘƘŜ ƳŀƴŀƎŜƳŜƴǘ ƻŦ ǘƘŜ 

LƴƪǎǘŜǊ ǊŜǎŜŀǊŎƘ ǎƛǘŜΦ  

  

Procedures: LǊǊƛƎŀǘŜŘ Ǉƻǘŀǘƻ ǊŜǎŜŀǊŎƘ ǿŀǎ ǇŜǊŦƻǊƳŜŘ ƴŜŀǊ LƴƪǎǘŜǊ ŀǘ ǘƘŜ btD! ƛǊǊƛƎŀǘŜŘ ǊŜǎŜŀǊŎƘ ǎƛǘŜΦ 

wŜǎŜŀǊŎƘ ǘǊƛŀƭǎ ŎƻƴŘǳŎǘŜŘ ƛƴŎƭǳŘŜ ōǳǘ ŀǊŜ ƴƻǘ ƭƛƳƛǘŜŘ ǘƻΣ ƎŜƴŜǊŀƭ ƳŀƴŀƎŜƳŜƴǘ ǇǊŀŎǝŎŜǎ ƛƴŎƭǳŘƛƴƎ Ǌƻǿ 

ǎǇŀŎƛƴƎΣ ǾƛƴŜ ŘŜǎƛŎŎŀǝƻƴΣ ƴǳǘǊƛŜƴǘ ƳŀƴŀƎŜƳŜƴǘΣ ŎǳƭǝǾŀǊ ƛƳǇǊƻǾŜƳŜƴǘΣ ǿŜŜŘ ŎƻƴǘǊƻƭΣ ƳŀƴŀƎŜƳŜƴǘ ƻŦ 

ŦƻƭƛŀǊ ŘƛǎŜŀǎŜǎ ǎǳŎƘ ŀǎ ŜŀǊƭȅ ōƭƛƎƘǘ ŀƴŘ ōƭŀŎƪ ŘƻǘΣ ŘƛǎŜŀǎŜ ƳŀƴŀƎŜƳŜƴǘ ƻŦ ǎŜŜŘπōƻǊƴŜ wƘƛȊƻŎǘƻƴƛŀ ŀƴŘ 

ǎƛƭǾŜǊ ǎŎǳǊŦ ōƭŜƳƛǎƘΣ ǎŜŜŘ ǇƛŜŎŜ ŘŜŎŀȅ ŀƴŘ ǇƘȅǎƛƻƭƻƎƛŎŀƭ ŘŜŦŜŎǘǎ ƭƛƪŜ ǎǳƎŀǊ ŜƴŘǎΦ ¢ƘŜ LƴƪǎǘŜǊ ŎƻƻǊŘƛƴŀǘƻǊ 

ǇŜǊŦƻǊƳŜŘ ŀƭƭ ǎƻƛƭ ǝƭƭŀƎŜΣ ǎŎƘŜŘǳƭŜŘ ƛǊǊƛƎŀǝƻƴ ƳŀƴŀƎŜƳŜƴǘΣ ƳŀŘŜ ŀƭƭ ƳŀƛƴǘŜƴŀƴŎŜ ƘŜǊōƛŎƛŘŜΣ ƛƴǎŜŎǝŎƛŘŜ 

ŀƴŘ ŦǳƴƎƛŎƛŘŜ ŀǇǇƭƛŎŀǝƻƴǎΣ ŀǎ ǿŜƭƭ ŀǎ ǇǊƻǾƛŘŜŘ ŀŘŘƛǝƻƴŀƭ ƭŀōƻǊ ŘǳǊƛƴƎ ǇƭŀƴǝƴƎ ŀƴŘ ƘŀǊǾŜǎǘ ƻǇŜǊŀǝƻƴǎΣ 

ŀǎ ƴŜŜŘŜŘΦ ¢ƘŜ LƴƪǎǘŜǊ Ǉƭƻǘ ŎƻƻǊŘƛƴŀǘƻǊ ŀƭǎƻ ǇƭŀƴǘŜŘ ŀƭƭ ŎƻǾŜǊ ŎǊƻǇǎ ŀƴŘ ŀǎǎƛǎǘŜŘ ƛƴ ǇƭŀƴƴƛƴƎ ŀƴŘ 

ǇǊŜǇŀǊƛƴƎ ǘƘŜ ǎƛǘŜ ŦƻǊ ǘƘŜ btD! ŀƴƴǳŀƭ ŬŜƭŘ ŘŀȅΦ  

  

  

  

Results  

Lƴ нлнпΣ ну ǘǊƛŀƭǎ ǿŜǊŜ ŎƻƴŘǳŎǘŜŘ ƻƴ ƴŜŀǊƭȅ нп ŀŎǊŜǎ ŀǘ ǘƘŜ LƴƪǎǘŜǊ ǊŜǎŜŀǊŎƘ ǎƛǘŜ όCƛƎǳǊŜ мύΦ !ǎ ƛƴŘƛŎŀǘŜŘ 

ŀōƻǾŜΣ ǘƘŜǎŜ ǘǊƛŀƭǎ ǎǇŀƴ ǘƘŜ ǊŀƴƎŜ ƻŦ ŜȄǇŜǊǝǎŜ ƻŦ ǘƘŜ Ǉƻǘŀǘƻ ƛƳǇǊƻǾŜƳŜƴǘ ǘŜŀƳΦ Lƴ Ƴŀƴȅ ŎŀǎŜǎΣ ǘƘŜ ǘǊƛŀƭ 

ǊŜǎǳƭǘǎ ŀǊŜ ŎƻƴŬŘŜƴǝŀƭ ōŜŎŀǳǎŜ ǇǊƻŘǳŎǘǎ ŀǊŜ ƴƻǘ ǊŜƎƛǎǘŜǊŜŘ ŦƻǊ ǳǎŜΦ ¢ƘŜ LƴƪǎǘŜǊ ǎƛǘŜ ŀƭƭƻǿǎ ǳǎ ǘƻ 

ƎŜƴŜǊŀǘŜ Řŀǘŀ ǳƴŘŜǊ ƭƻŎŀƭ ƛǊǊƛƎŀǘŜŘ ƎǊƻǿƛƴƎ ŎƻƴŘƛǝƻƴǎ ƻǾŜǊ ǎŜǾŜǊŀƭ ȅŜŀǊǎΦ 5ŀǘŀ ƎŜƴŜǊŀǘŜŘ ŀǘ LƴƪǎǘŜǊ 

ŎƻƴǘǊƛōǳǘŜ ǘƻ ŘŜŎƛǎƛƻƴǎ ƻƴ ǇǊƻŘǳŎǘ ǊŜƎƛǎǘǊŀǝƻƴ ŀƴŘ ƳŀǊƪŜǝƴƎ ōȅ ǘƘŜ ŎƻƻǇŜǊŀǘƻǊΦ .Ŝƭƻǿ ǿŜ ƘŀǾŜ 



фл  

  

ƛƴŎƭǳŘŜŘ ǎƻƳŜ ǊŜǎǳƭǘǎ ŦǊƻƳ ǘǊƛŀƭǎ ŎƻƴŘǳŎǘŜŘ ŀǘ LƴƪǎǘŜǊΦ {ƻƳŜ ǊŜǎǳƭǘǎ ŀǊŜ ǇǊŜƭƛƳƛƴŀǊȅ ŀƴŘ ŀǎ ƛƴŘƛŎŀǘŜŘΣ 

ǎƻƳŜ ŀǊŜ ŎƻƴŬŘŜƴǝŀƭΦ  

  

²Ŝ ŜȄǇŜǊƛŜƴŎŜŘ ƘƛƎƘ ŜŀǊƭȅ ōƭƛƎƘǘ ŘƛǎŜŀǎŜ ǇǊŜǎǎǳǊŜ ƛƴ нлнп ŀƴŘ ƳƻǊŜ ƴƻǘŀōƭȅ ŘƛǎŜŀǎŜ ǎŜǾŜǊƛǘȅ ǊŀƳǇŜŘ ǳǇ 

ǾŜǊȅ ǉǳƛŎƪƭȅ ŎƻƳǇŀǊŜŘ ǘƻ ǊŜŎŜƴǘ ȅŜŀǊǎ όCƛƎǳǊŜ нύΦ ¢Ƙƛǎ ƛǎ ǘǊǳŜ ǘƻ ŀ ƭŜǎǎŜǊ ŜȄǘŜƴǘ ŦƻǊ нлноΦ {ƻƳŜ ƎǊƻǿŜǊǎ ƛƴ 

ǘƘŜ ǊŜƎƛƻƴ ƛƴŘƛŎŀǘŜŘ ǘƘŜȅ ƻōǎŜǊǾŜŘ ŀ ǎƛƳƛƭŀǊ ǇŀǧŜǊƴΦ LŦ ǎƛƳƛƭŀǊ ǇŀǧŜǊƴǎ ŎƻƴǝƴǳŜΣ ǿŜ Ƴŀȅ ƴŜŜŘ ǘƻ 

ŜǾŀƭǳŀǘŜ ŀƭǘŜǊƴŀǝǾŜǎ ǘƻ ƻǳǊ ŎǳǊǊŜƴǘ ǊŜŎƻƳƳŜƴŘŀǝƻƴǎ ŦƻǊ ƭŜŀŦ ǎǇƻǘ ƳŀƴŀƎŜƳŜƴǘΦ !ŎŎŜǎǎ ǘƻ ǘƘŜ ƛǊǊƛƎŀǘŜŘ 

ǊŜǎŜŀǊŎƘ ǎƛǘŜ ǿƛƭƭ ŦŀŎƛƭƛǘŀǘŜ ǘƘŀǘ ǊŜǎŜŀǊŎƘΦ hƴŜ ŜȄŀƳǇƭŜ ƻŦ ƎŜƴŜǊŀǝƴƎ Řŀǘŀ ƻǾŜǊ ǎŜǾŜǊŀƭ ȅŜŀǊǎ ƛƴŎƭǳŘŜǎ ǘƘŜ 

ŜǾŀƭǳŀǝƻƴ ƻŦ ƴŜǿ ŦƻƭƛŀǊ ǇǊƻŘǳŎǘǎκŦƻǊƳǳƭŀǝƻƴǎ ǘƻ ƳŀƴŀƎŜ ŜŀǊƭȅ ōƭƛƎƘǘ όCƛƎǳǊŜ оύΦ ¢ƘŜǎŜ Řŀǘŀ ƛƴŘƛŎŀǘŜ 

ǘƘŀǘ ǘƘŜ ŜŶŎŀŎȅ ƻŦ ǘƘŜǎŜ ǇǊƻŘǳŎǘǎ Ƙŀǎ ŘƛƳƛƴƛǎƘŜŘ ǎƻƳŜǿƘŀǘ ƻǾŜǊ ǘƘŜ Ǉŀǎǘ ŘŜŎŀŘŜΣ ŎƻƴǎƛǎǘŜƴǘ ǿƛǘƘ ƻǳǊ 

ƭŀō ŀƴŘ ƎǊŜŜƴƘƻǳǎŜ ǊŜǎǳƭǘǎΦ ²ƘƛƭŜ ǿŜ ŎƻƴǝƴǳŜ ǘƻ ƘŀǾŜ ŎƻƴŎŜǊƴǎ ƻǾŜǊ ǘƘŜ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ ŦǳƴƎƛŎƛŘŜ 

ǊŜǎƛǎǘŀƴŎŜΣ ǘƘŜǎŜ ŦǳƴƎƛŎƛŘŜǎ ǊŜƳŀƛƴ ŜũŜŎǝǾŜ ŀƎŀƛƴǎǘ ǘƘŜ ǇŀǘƘƻƎŜƴ ǇƻǇǳƭŀǝƻƴ ƛƴ ƻǳǊ ǊŜƎƛƻƴ όCƛƎǳǊŜ пύΦ  

  

WǳƭƛŜ tŀǎŎƘŜΩǎ ǇŀǘƘƻƭƻƎȅ ƎǊƻǳǇ Ƙŀǎ ōŜŜƴ ŜǾŀƭǳŀǝƴƎ ǇǊƻŘǳŎǘǎ ŦƻǊ ǘƘŜ ƳŀƴŀƎŜƳŜƴǘ ƻŦ ōƭŀŎƪ Řƻǘ ŦƻǊ ǎŜǾŜǊŀƭ 

ȅŜŀǊǎΤ ƘƻǿŜǾŜǊΣ нлнп ǿŀǎ ǘƘŜ ŬǊǎǘ ȅŜŀǊ ǿŜ ŀŘŘŜŘ ǘǳōŜǊ ōƭŜƳƛǎƘ ŜǾŀƭǳŀǝƻƴǎΦ ¢ǳōŜǊ ōƭŜƳƛǎƘ ŜǾŀƭǳŀǝƻƴǎ 

ǿŜǊŜ ŀŘŘŜŘ ǘƻ ƻǳǊ ōƭŀŎƪ Řƻǘ ŎǳƭǝǾŀǊ ǊŜǎƛǎǘŀƴŎŜ ǎŎǊŜŜƴƛƴƎ ǘǊƛŀƭΦ wŜǎǳƭǘǎ ƛƴŘƛŎŀǘŜ ŀ ǎƛƎƴƛŬŎŀƴǘ ŘƛũŜǊŜƴŎŜ ƛƴ 

ǘƘŜ ǇǊƻƎǊŜǎǎƛƻƴ ƻŦ ōƭŀŎƪ Řƻǘ ǎǘŜƳ ƭŜǎƛƻƴǎ ŀŎǊƻǎǎ ǘƘŜ ƎǊƻǿƛƴƎ ǎŜŀǎƻƴ ŀƳƻƴƎ ŎǳƭǝǾŀǊǎ ŀƴŘ b5{¦ ōǊŜŜŘƛƴƎ 

ƭƛƴŜǎ ŜǾŀƭǳŀǘŜŘ όCƛƎǳǊŜ рύΦ Lǘ ƛǎ ŜƴŎƻǳǊŀƎƛƴƎ ǘƻ ǎŜŜ ŀ ŎƻǳǇƭŜ ƻŦ b5{¦ ōǊŜŜŘƛƴƎ ƭƛƴŜǎ ǿƛǘƘ ǎƻƳŜ ǊŜǎƛǎǘŀƴŎŜ 

ǘƻ ōƭŀŎƪ Řƻǘ ǎǘŜƳ ƭŜǎƛƻƴǎ ŀƴŘ ƛƳǇƻǊǘŀƴǘ ŦƻǊ ǳǎ ǘƻ ǳƴŘŜǊǎǘŀƴŘ ǘƘŀǘ ǎƻƳŜ ƭƛƴŜǎ ŀǊŜ ǾŜǊȅ ǎǳǎŎŜǇǝōƭŜΦ 

vǳŀƴǝŬŎŀǝƻƴ ƻŦ ǘƘŜ ǇŀǘƘƻƎŜƴ ƛƴ ǎǘŜƳ ǝǎǎǳŜ Ǿƛŀ t/w ŀƴŘ ǘǳōŜǊ ōƭŜƳƛǎƘ Řŀǘŀ ŦƻǊ ǘƘƛǎ ǘǊƛŀƭ ƛǎ ƛƴ ǇǊƻŎŜǎǎ 

ŀƴŘ ǿƛƭƭ ǇǊƻǾƛŘŜ ŦǳǊǘƘŜǊ ǾŀƭǳŀōƭŜ Řŀǘŀ ŀōƻǳǘ ŎǳǊǊŜƴǘ ŎǳƭǝǾŀǊǎ ŀƴŘ b5{¦ ōǊŜŜŘƛƴƎ ƭƛƴŜǎΦ ¢ǳōŜǊ ōƭŜƳƛǎƘ 

Ƙŀǎ ōŜŜƴ ǉǳŀƴǝŬŜŘ ŦƻǊ ǘǿƻ ǘǊƛŀƭǎ ŜǾŀƭǳŀǝƴƎ ŦǳƴƎƛŎƛŘŜǎ ŦƻǊ ōƭŀŎƪ Řƻǘ ƳŀƴŀƎŜƳŜƴǘΦ bƻ ǇǊƻŘǳŎǘǎ ǊŜŘǳŎŜŘ 

ǘǳōŜǊ ōƭŜƳƛǎƘΣ ŜǾŜƴ ǿƘŜǊŜ ǎǘŜƳ ƭŜǎƛƻƴǎ ǿŜǊŜ ǎƛƎƴƛŬŎŀƴǘƭȅ ǊŜŘǳŎŜŘΦ ²Ŝ ŀƭǎƻ ŜǾŀƭǳŀǘŜŘ ǘƘŜ ŜũŜŎǘ ƻŦ 

ƘŀǊǾŜǎǘ ǝƳƛƴƎ ƻƴ ǘƘŜ ŀŎŎǳƳǳƭŀǝƻƴ ƻŦ ōƭŀŎƪ Řƻǘ ǎȅƳǇǘƻƳǎ ƻƴ ǘǳōŜǊǎ ōǳǘ ǎŀǿ ƴƻ ǎƛƎƴƛŬŎŀƴǘ ǊŜŘǳŎǝƻƴǎ 

ǿƛǘƘ ŜŀǊƭƛŜǊ ƘŀǊǾŜǎǘΦ ¢ƘŜǎŜ ǘǊƛŀƭǎ ǿƛƭƭ ōŜ ǊŜǇŜŀǘŜŘ ƛƴ нлнрΦ .ƭŀŎƪ Řƻǘ ǘǳōŜǊ ōƭŜƳƛǎƘ Ƙŀǎ ōŜŜƴ ƛƴŎǊŜŀǎƛƴƎ ƛƴ 

ƛƳǇƻǊǘŀƴŎŜ ƛƴ ǊŜŎŜƴǘ ȅŜŀǊǎ ǿƛǘƘ ŀ ƘƛƎƘŜǊ ŜƳǇƘŀǎƛǎ ōŜƛƴƎ ǇƭŀŎŜŘ ƻƴ ǎƪƛƴ ōƭŜƳƛǎƘ ƛƴ ŦǊŜǎƘ ƳŀǊƪŜǘ ǊŜŘ ŀƴŘ 

ȅŜƭƭƻǿπƅŜǎƘŜŘ ŎǳƭǝǾŀǊǎΦ ²ƛǘƘ ǘƘŜ ŦƻǊǘƘŎƻƳƛƴƎ ƛƴŎǊŜŀǎŜ ƛƴ ȅŜƭƭƻǿ ǇƻǘŀǘƻŜǎ ƛƴ ǘƘŜ ǊŜƎƛƻƴΣ ǿŜ ōŜƭƛŜǾŜ ǘƘŀǘ 

ǘƘƛǎ ŀǾŜƴǳŜ ƻŦ ǊŜǎŜŀǊŎƘ ǿƛƭƭ ŎƻƴǝƴǳŜ ǘƻ ƎǊƻǿ ƛƴ ƛƳǇƻǊǘŀƴŎŜΦ  

  

!ǘ LƴƪǎǘŜǊ ƛƴ нлнпΣ DŀǊȅ {ŜŎƻǊΩǎ ǇŀǘƘƻƭƻƎȅ ǇǊƻƧŜŎǘ ŎƻƴŘǳŎǘŜŘ ǘǿƻ ǘǊƛŀƭǎ ǘƻ ŜǾŀƭǳŀǘŜ мп ǘǊŜŀǘƳŜƴǘǎ ŦƻǊ 

ƳŀƴŀƎƛƴƎ ǎŜŜŘπōƻǊƴŜ wƘƛȊƻŎǘƻƴƛŀΦ wŜƎƛǎǘŜǊŜŘ ŦǳƴƎƛŎƛŘŜǎΣ ŜȄǇŜǊƛƳŜƴǘŀƭ ŦǳƴƎƛŎƛŘŜǎΣ ŀƴŘ ƴŀǘǳǊŀƭ ǇǊƻŘǳŎǘǎ 

ǿŜǊŜ ŀǇǇƭƛŜŘ ŀǎ ǎŜŜŘ ǘǊŜŀǘƳŜƴǘǎ ŀƴŘ ƛƴπŦǳǊǊƻǿ ŀǘ ǇƭŀƴǝƴƎΦ aƻǎǘ ǘǊŜŀǘƳŜƴǘǎ ǿŜǊŜ ŜƴǘŜǊŜŘ ŀǎ ƴǳƳōŜǊŜŘ 

ŎƻƳǇƻǳƴŘǎ ŀƴŘκƻǊ ŎƻƴŬŘŜƴǝŀƭΦ ! ƴƻƴπƛƴƻŎǳƭŀǘŜŘ ŎƻƴǘǊƻƭ ŀƴŘ ŀ wƘƛȊƻŎǘƻƴƛŀ ǎŜŜŘ ƛƴƻŎǳƭŀǘŜŘ ŎƻƴǘǊƻƭ 

ǿŜǊŜ ƛƴŎƭǳŘŜŘ ƛƴ ŜŀŎƘ ǘǊƛŀƭΦ aŀƴȅ ƻŦ ǘƘŜ ǇǊƻŘǳŎǘǎ ǘŜǎǘŜŘ ŘƛŘ ƴƻǘ ǎƛƎƴƛŬŎŀƴǘƭȅ ǊŜŘǳŎŜ wƘƛȊƻŎǘƻƴƛŀ пр Řŀȅǎ 

ŀƊŜǊ ǇƭŀƴǝƴƎΦ ¢ƘŜ Ƴƻǎǘ ŜũŜŎǝǾŜ ŎƻƴǘǊƻƭ ƻŦ  

wƘƛȊƻŎǘƻƴƛŀ пр Řŀȅǎ ŀƊŜǊ ǇƭŀƴǝƴƎ ŎƻƴǝƴǳŜǎ ǘƻ ōŜ aŀȄƛƳ ǎŜŜŘ ǘǊŜŀǘƳŜƴǘ ŀǘ лΦлу ƅ ƻȊκŎǿǘ Ǉƭǳǎ vǳŀŘǊƛǎ 

ƛƴπŦǳǊǊƻǿ ŀǘ фΦл ƅ ƻȊκŀŎǊŜΦ 9ƳŜǎǘƻ {ƛƭǾŜǊ Ǉƭǳǎ ƳŀƴŎƻȊŜō ŀƴŘ aƛƴǳŜǘ ŀƭǎƻ ǇǊƻǾƛŘŜŘ ŀƴ ŜȄŎŜƭƭŜƴǘ ǊŜŘǳŎǝƻƴ 

ƻŦ wƘƛȊƻŎǘƻƴƛŀ пр Řŀȅǎ ŀƊŜǊ ǇƭŀƴǝƴƎΦ ¢ƘŜ ǇǊŜǎŜƴŎŜ ƻŦ ǇƻǎǘπƘŀǊǾŜǎǘ ǘǳōŜǊ ōƭŀŎƪ ǎŎǳǊŦ ǿŀǎ ŜǾŀƭǳŀǘŜŘ ŀƊŜǊ 

ǘǿƻ ƳƻƴǘƘǎ ƻŦ ǎǘƻǊŀƎŜΣ ōǳǘ ƻƴƭȅ ŀ ǎƳŀƭƭ ŀƳƻǳƴǘ ƻŦ ǎŎǳǊŦ ǿŀǎ ŦƻǳƴŘΦ  

  



фм  

  

DŀǊȅ {ŜŎƻǊΩǎ ƎǊƻǳǇ ŀƭǎƻ ŎƻƴŘǳŎǘŜŘ ŀ ŬŜƭŘ ǘǊƛŀƭ ƛƴ нлнп ŀǘ ǘƘŜ LƴƪǎǘŜǊ ǎƛǘŜ ǘƻ ŜǾŀƭǳŀǘŜ ǘƘŜ ŜŶŎŀŎȅ ƻŦ мм 

ǎŜŜŘ ǘǊŜŀǘƳŜƴǘǎ ŀƴŘ ƛƴπŦǳǊǊƻǿ ŀǘ ǇƭŀƴǝƴƎ ǘǊŜŀǘƳŜƴǘǎ ǘƻ ǊŜŘǳŎŜ ǎƛƭǾŜǊ ǎŎǳǊŦ ōƭŜƳƛǎƘ ƻŦ ƘŀǊǾŜǎǘŜŘ 

ǇƻǘŀǘƻŜǎΦ ¢ǳōŜǊǎ ƻŦ ŎǾΦ !Ǝŀǘŀ ƴŀǘǳǊŀƭƭȅ ƛƴŦŜŎǘŜŘ ǿƛǘƘ ǎƛƭǾŜǊ ǎŎǳǊŦ ǿŜǊŜ ǇƭŀƴǘŜŘ ŀǘ ǘƘŜ LƴƪǎǘŜǊ ǎƛǘŜ ŀƴŘ 

ƎǊƻǿƴ ǳǎƛƴƎ ƭƻŎŀƭ ŀƎǊƻƴƻƳƛŎ ǇǊŀŎǝŎŜǎΦ ¢ǳōŜǊǎ ǿŜǊŜ ƘŀǊǾŜǎǘŜŘΣ ƛƴŎǳōŀǘŜŘ ŀǘ рлC ŦƻǊ ŦƻǳǊ ƳƻƴǘƘǎΣ ŀƴŘ 

ŜǾŀƭǳŀǘŜŘ ŦƻǊ ǘƻǘŀƭ ōƭŜƳƛǎƘΣ ŀ ŎƻƳōƛƴŀǝƻƴ ƻŦ ǎƛƭǾŜǊ ǎŎǳǊŦ ŀƴŘ ōƭŀŎƪ ŘƻǘΦ !ƭƭ ŦǳƴƎƛŎƛŘŜ ǘǊŜŀǘƳŜƴǘǎ ǊŜŘǳŎŜŘ 

ǎƛƭǾŜǊ ǎŎǳǊŦ ǿƘŜƴ ǊŀǘŜŘ ǘǿƻ ƳƻƴǘƘǎ ǇƻǎǘπƘŀǊǾŜǎǘΦ  

  

!ƴŘȅ wƻōƛƴǎƻƴΩǎ ƎǊƻǳǇ ŎƻƴŘǳŎǘŜŘ ǘǊƛŀƭǎ ŀǘ LƴƪǎǘŜǊ ǘƻ ŘŜǘŜǊƳƛƴŜ ǘƘŜ ƛƴŎǊŜŀǎŜ ƛƴ ǎǘŜƳ ŀƴŘ ǘǳōŜǊ ƴǳƳōŜǊ 

ƻƴ aƻǳƴǘŀƛƴ DŜƳ wǳǎǎŜǘ ŀƴŘ 5ŀƪƻǘŀ wǳǎǎŜǘ ŀƴŘ ƻǇǝƳƛȊŜ Ǌƻǿ ǎǇŀŎƛƴƎ ƻƴ ŎǾǎ wŜŘ bƻǊƭŀƴŘ ŀƴŘ aǳǎƛŎŀΦ 

tƭŜŀǎŜ ǊŜŦŜǊ ǘƻ ǘƘŜ ǊŜǇƻǊǘǎ ŦƻǊ ǘƘƻǎŜ ǎǇŜŎƛŬŎ ǘǊƛŀƭǎ ŦƻǊ ƳƻǊŜ ŘŜǘŀƛƭǎΦ  

  

²Ŝ ōŜƭƛŜǾŜ ǘƘŀǘ ǿŜ ŎƻƴǝƴǳŜ ǘƻ ƎŜƴŜǊŀǘŜ ǳƴōƛŀǎŜŘΣ ǊŜƭƛŀōƭŜΣ Ǌƻōǳǎǘ ǊŜŎƻƳƳŜƴŘŀǝƻƴǎ ŦƻǊ ƎǊƻǿŜǊǎΣ ōŀǎŜŘ 

ƻƴ ǘǊƛŀƭ ǊŜǎǳƭǘǎ ŦǊƻƳ ǘƘŜ LƴƪǎǘŜǊ ƛǊǊƛƎŀǘŜŘ ǊŜǎŜŀǊŎƘ ǎƛǘŜΦ ²Ŝ ƭƻƻƪ ŦƻǊǿŀǊŘ ǘƻ ǿƻǊƪƛƴƎ ǿƛǘƘ ƎǊƻǿŜǊǎ ŀƴŘ 

ǊŜǎŜŀǊŎƘŜǊǎ ƛƴ ǘƘŜ ŦǳǘǳǊŜ ǘƻ ǘŀŎƪƭŜ ŜȄƛǎǝƴƎ ŀƴŘ ŜƳŜǊƎƛƴƎ ŎƘŀƭƭŜƴƎŜǎ ŦŀŎŜŘ ōȅ ǘƘŜ ƛƴŘǳǎǘǊȅΦ tƭŜŀǎŜ ŎƻƴǘŀŎǘ 

ǳǎ ǿƛǘƘ ŀƴȅ ǉǳŜǎǝƻƴǎ ŎƻƴŎŜǊƴƛƴƎ ǘƘƛǎ ǊŜǇƻǊǘ ƻǊ ŀƴȅ ƻǘƘŜǊ ƳŀǧŜǊǎΦ  



фн  

  

 
CƛƎǳǊŜ мΦ tƭŀƴǝƴƎ ŀǘ ǘƘŜ LƴƪǎǘŜǊ ǎƛǘŜ όǘƻǇύ ŀƴŘ ǘƘŜ btD! ŬŜƭŘ Řŀȅ όōƻǧƻƳύΦ   



фо  

  

    

 

  

  

  

CƛƎǳǊŜ  н Φ  9ŀǊƭȅ ōƭƛƎƘǘ ŘƛǎŜŀǎŜ ǇǊƻƎǊŜǎǎƛƻƴ ƛƴ ƴƻƴ π ǘǊŜŀǘŜŘ ŎƻƴǘǊƻƭ Ǉƭƻǘǎ ŀǘ LƴƪǎǘŜǊ ŦǊƻƳ нлнл ǘƻ  

нлнп  ŀǎ ŘŜǘŜǊƳƛƴŜŘ ōȅ Ǿƛǎǳŀƭ ŘƛǎŜŀǎŜ ǊŀǝƴƎǎ ŎƻƭƭŜŎǘŜŘ ǿŜŜƪƭȅ ŦƻǊ фπмм ǿŜŜƪǎ ŀǘ ǘƘŜ btD!  

ƛǊǊƛƎŀǘŜŘ ǊŜǎŜŀǊŎƘ ǎƛǘŜ ƴŜŀǊ LƴƪǎǘŜǊΦ ¢ƘŜ ǾŜǊǝŎŀƭ ŘŀǎƘŜŘ ƭƛƴŜ ƛƴŘƛŎŀǘŜǎ ǘƘŜ ŀǇǇǊƻȄƛƳŀǘŜ  

ǝƳƛƴƎ ƻŦ ŀǇǇƭƛŎŀǝƻƴ Ір ƛƴ ŀ млπŀǇǇƭƛŎŀǝƻƴ ŦǳƴƎƛŎƛŘŜ ǇǊƻƎǊŀƳ ǿƘŜƴ ǿŜ ǘȅǇƛŎŀƭƭȅ  

ǊŜŎƻƳƳŜƴŘ ǘƘŜ ŬǊǎǘ ǇǊŜƳƛǳƳ ŦǳƴƎƛŎƛŘŜΦ   



фп  

  

 

  

 

CƛƎǳǊŜ  о Φ  tŜǊŎŜƴǘŀƎŜ ŜŀǊƭȅ ōƭƛƎƘǘ ŎƻƴǘǊƻƭ ŎƻƳǇŀǊŜŘ ǘƻ ƴƻƴ π ǘǊŜŀǘŜŘ  Ǉƭƻǘǎ  ƛƴ  ǘǊƛŀƭǎ   ŎƻƴŘǳŎǘŜŘ  

ŦǊƻƳ нлмо ǘƻ нлнп ŀǘ ǘƘŜ btD! ƛǊǊƛƎŀǘŜŘ ǊŜǎŜŀǊŎƘ ǎƛǘŜ ƴŜŀǊ LƴƪǎǘŜǊΦ  9ŀǊƭȅ ōƭƛƎƘǘ ǎŜǾŜǊƛǘȅ  

ŀŎǊƻǎǎ ǘƘŜ ƎǊƻǿƛƴƎ ǎŜŀǎƻƴ ŀǎ ŘŜǘŜǊƳƛƴŜŘ ōȅ Ǿƛǎǳŀƭ ŘƛǎŜŀǎŜ ǊŀǝƴƎǎ ŎƻƭƭŜŎǘŜŘ ǿŜŜƪƭȅ ŦƻǊ фπмм  

ǿŜŜƪǎΦ ±ŜƭǳƳ tǊƛƳŜ ǿŀǎ ŀǇǇƭƛŜŘ ƛƴπŦǳǊǊƻǿ ǿƛǘƘ ƴƻ ŀŘŘƛǝƻƴŀƭ ŦǳƴƎƛŎƛŘŜ ŀǇǇƭƛŎŀǝƻƴǎΦ [ǳƴŀ  

¢Ǌŀƴǉǳƛƭƛǘȅ ǿŀǎ ŀǇǇƭƛŜŘ ŀǘ ŀǇǇƭƛŎŀǝƻƴ ІрΦ ! vƻƛ ŦǳƴƎƛŎƛŘŜ ǿŀǎ ŀǇǇƭƛŜŘ ŀǘ Ін ŀƴŘ {Ŏŀƭŀ Ϫ ІтΦ  

¢ƘŜ ǘƘǊŜŜ ǎǇŜŎƛŀƭǘȅ ŦǳƴƎƛŎƛŘŜǎ όŀǇǇƭƛŎŀǝƻƴǎ нΣ рΣ ŀƴŘ тύ ǿŜǊŜ ǘŀƴƪπƳƛȄŜŘ ǿƛǘƘ ƳŀƴŎƻȊŜō ŀƴŘ  

ǊƻǘŀǘŜŘ ǿƛǘƘ ŎƘƭƻǊƻǘƘŀƭƻƴƛƭ όŀǇǇƭƛŎŀǝƻƴǎ мΣ оΣ пΣ сΣ уπмлύΦ [ǳƴŀ ¢Ǌŀƴǉǳƛƭƛǘȅ ǿŀǎ ƴƻǘ ǘŜǎǘŜŘ  

ό b¢ύ ƛƴ нлнм ŀƴŘ ±ŜƭǳƳ tǊƛƳŜ ǿŀǎ ƴƻǘ ǘŜǎǘŜŘ ƛƴ  нлнпΦ   

CƛƎǳǊŜ  п Φ  w ŜƭŀǝǾŜ ŀǊŜŀ ǳƴŘŜǊ ǘƘŜ ŘƛǎŜŀǎŜ   ǇǊƻƎǊŜǎǎ ŎǳǊǾŜ όǊ!¦5t/ύ ǊŜǇǊŜǎŜƴǘ ƛƴƎ   ŜŀǊƭȅ ōƭƛƎƘǘ   

ǎŜǾŜǊƛǘȅ ŀŎǊƻǎǎ ǘƘŜ нлнп ƎǊƻǿƛƴƎ ǎŜŀǎƻƴ ŀǎ ŘŜǘŜǊƳƛƴŜŘ ōȅ Ǿƛǎǳŀƭ ǊŀǝƴƎǎ ŎƻƭƭŜŎǘŜŘ ǿŜŜƪƭȅ ŦƻǊ  

мл  ǿŜŜƪǎΦ ¢ƘŜ ǘǊƛŀƭ ǿŀǎ ŎƻƴŘǳŎǘŜŘ ǳƴŘŜǊ ƘƛƎƘ ŘƛǎŜŀǎŜ ǇǊŜǎǎǳǊŜ ŀǘ ǘƘŜ btD! ƛǊǊƛƎŀǘŜŘ  

ǊŜǎŜŀǊŎƘ ǎƛǘŜ ƴŜŀǊ LƴƪǎǘŜǊΦ .ŀǊǎ ǿƛǘƘ ŘƛũŜǊŜƴǘ ƭŜǧŜǊǎ ŀōƻǾŜ ŀǊŜ ǎƛƎƴƛŬŎŀƴǘƭȅ ŘƛũŜǊŜƴǘΦ ¢ƘŜ  

ƴǳƳōŜǊ ƛƴ όрύ ǊŜǇǊŜǎŜƴǘǎ ǘƘŜ ŬƊƘ ŀǇǇƭƛŎŀǝƻƴ ƛƴ ŀ млπŀǇǇƭƛŎŀǝƻƴ ǇǊƻƎǊŀƳ ƻǊ ŦǳƭƭπǎŜŀǎƻƴ όC{ύ  

ŀǇǇƭƛŎŀǝƻƴǎΦ ¢ǊŜŀǘƳŜƴǘǎ ƛƴŎƭǳŘŜŘ ! vƻƛ ŦǳƴƎƛŎƛŘŜ Ϫ ŀǇǇƭƛŎŀǝƻƴ н ŀƴŘ {Ŏŀƭŀ Ϫ ŀǇǇƭƛŎŀǝƻƴ тΦ  

¢ƘŜ ǘƘǊŜŜ ǎǇŜŎƛŀƭǘȅ ŦǳƴƎƛŎƛŘŜǎ όŀǇǇƭƛŎŀǝƻƴǎ нΣ рΣ ŀƴŘ тύ ǿŜǊŜ ǘŀƴƪπƳƛȄŜŘ ǿƛǘƘ ƳŀƴŎƻȊŜō ŀƴŘ  

ǊƻǘŀǘŜŘ ǿƛǘƘ ŎƘƭƻǊƻǘƘŀƭƻƴƛƭ όŀǇǇƭƛŎŀǝƻƴǎ мΣ оΣ пΣ сΣ уπмлύΦ  



фр  

  

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

CƛƎǳǊŜ  р Φ w ŜƭŀǝǾŜ ŀǊŜŀ ǳƴŘŜǊ ǘƘŜ ŘƛǎŜŀǎŜ   ǇǊƻƎǊŜǎǎ ŎǳǊǾŜ όǊ!¦5t/ύ ǊŜǇǊŜǎŜƴǘ ƛƴƎ   ōƭŀŎƪ Řƻǘ   

ǎǘŜƳ ƭŜǎƛƻƴ ƛƴŎƛŘŜƴŎŜ ŀŎǊƻǎǎ ǘƘŜ нлнп ƎǊƻǿƛƴƎ ǎŜŀǎƻƴ ŀǎ ŘŜǘŜǊƳƛƴŜŘ ōȅ Ǿƛǎǳŀƭ ǊŀǝƴƎǎ  

ŎƻƭƭŜŎǘŜŘ ǿŜŜƪƭȅ ŦƻǊ р ǿŜŜƪǎΦ /ǳƭǝǾŀǊǎκb5{¦ ōǊŜŜŘƛƴƎ ƭƛƴŜǎ ǿŜǊŜ ƎǊƻǿƴ ǳƴŘŜǊ ƛƴƻŎǳƭŀǘŜŘ  

ŎƻƴŘƛǝƻƴǎ ŀǘ ǘƘŜ btD! ƛǊǊƛƎŀǘŜŘ ǊŜǎŜŀǊŎƘ ǎƛǘŜ ƴŜŀǊ LƴƪǎǘŜǊΦ .ŀǊǎ ǿƛǘƘ ŘƛũŜǊŜƴǘ ƭŜǧŜǊǎ ŀǊŜ  

ǎƛƎƴƛŬŎŀƴǘƭȅ ŘƛũŜǊŜƴǘΦ  



фс  

  

Report for Proposal Title: 9ȄŀƳƛƴƛƴƎ tƛƴƪ wƻǘ ŀƴŘ [Ŝŀƪ tŀǘƘƻƎŜƴǎ ƛƴ bƻǊǘƘ 5ŀƪƻǘŀ ŀƴŘ aƛƴƴŜǎƻǘŀ  

Submitted to Northland and MN Area II Potato Growers Associations  
  

Principle Investigator: WǳƭƛŜ tŀǎŎƘŜΣ 5ŜǇŀǊǘƳŜƴǘ ƻŦ tƭŀƴǘ tŀǘƘƻƭƻƎȅΣ bƻǊǘƘ 5ŀƪƻǘŀ  {ǘŀǘŜ 

¦ƴƛǾŜǊǎƛǘȅΣ CŀǊƎƻΣ b5 румлнΦ WǳƭƛŜΦtŀǎŎƘŜϪb5{¦ΦŜŘǳΤ тлмπномπтрпт  

  

Executive Summary:   
tƛƴƪ Ǌƻǘ ƛǎ ŎŀǳǎŜŘ ōȅ Phytophthora erythrosepticaΣ ƭŜŀƪ ƛǎ Ƴŀƛƴƭȅ ŎŀǳǎŜŘ ōȅ Globisporangium  

όŦƻǊƳŜǊƭȅ Pythiumύ ultimumΣ ōǳǘ ǎŜǾŜǊŀƭ ƻǘƘŜǊ ǊŜƭŀǘŜŘ ƻǊƎŀƴƛǎƳǎ Ƴŀȅ ŎŀǳǎŜ ƭŜŀƪΦ aŜŦŜƴƻȄŀƳ όwƛŘƻƳƛƭϯΣ 

ŀƴŘ ƻǘƘŜǊ ǇǊƻŘǳŎǘǎύ ƛǎ ǳǎŜŘ ƻƴ Ƴŀƴȅ Ǉƻǘŀǘƻ ŀŎǊŜǎ ŀŎǊƻǎǎ ǘƘŜ ǊŜƎƛƻƴ ǘƻ ƳŀƴŀƎŜ Ǉƛƴƪ Ǌƻǘ ŀƴŘ ǎǳǇǇǊŜǎǎ 

ƭŜŀƪΦ LƴǎŜƴǎƛǝǾƛǘȅ ǘƻ ƳŜŦŜƴƻȄŀƳ Ƙŀǎ ōŜŜƴ ǊŜǇƻǊǘŜŘ ƛƴ ǇŀǘƘƻƎŜƴǎ ŎŀǳǎƛƴƎ ōƻǘƘ Ǉƛƴƪ Ǌƻǘ ŀƴŘ ƭŜŀƪ ƛƴ ab 

ŀƴŘ b5Σ ōǳǘ ŀ ǿƛŘŜǎǇǊŜŀŘ ǎǳǊǾŜȅ Ƙŀǎ ƴƻǘ ōŜŜƴ ŎƻƴŘǳŎǘŜŘ ƛƴ ǘƘŜ ǊŜƎƛƻƴ ƛƴ млπмр ȅŜŀǊǎΦ Lƴ ǘƘŜ ƭŀǎǘ н ǘƻ о 

ȅŜŀǊǎΣ ƎǊƻǿŜǊǎ ŀƴŘ ŎǊƻǇ Ŏƻƴǎǳƭǘŀƴǘǎ ƘŀǾŜ ǊŜǇƻǊǘŜŘ ŀ ŎƘŀƴƎŜ ŦǊƻƳ ǘȅǇƛŎŀƭ ǎȅƳǇǘƻƳǎ ƻŦ ƭŜŀƪ ŀƴŘ ƘŀǾŜ 

ƴƻǘŜŘ ǘƘŀǘ ǘƘŜ ŘƛǎŜŀǎŜ ǇǊƻƎǊŜǎǎƛƻƴ ƛƴ ǎǘƻǊŀƎŜ ŀǇǇŜŀǊǎ ǘƻ ōŜ ŎƘŀƴƎƛƴƎ ǿƛǘƘ ǊŜǎǇŜŎǘ ǘƻ ǘŜƳǇŜǊŀǘǳǊŜΦ ¢ƻ 

ŀŘŘǊŜǎǎ ǘƘŜǎŜ ǎƛǘǳŀǝƻƴǎΣ ǿŜ ƘŀǾŜ ŎƻƭƭŜŎǘŜŘ фу Ǉƛƴƪ Ǌƻǘ ŀƴŘ ƭŜŀƪ ǇŀǘƘƻƎŜƴ ƛǎƻƭŀǘŜǎ ŦǊƻƳ Ǉƻǘŀǘƻ ǎǘƻǊŀƎŜǎ 

ƛƴ b5 ŀƴŘ abΦ ²Ŝ ƘŀǾŜ ǘŜǎǘŜŘ ŀ ǎƳŀƭƭ ǊŜǇǊŜǎŜƴǘŀǝǾŜ ǎŜƭŜŎǝƻƴ ŦƻǊ ǎŜƴǎƛǝǾƛǘȅ ǘƻ ƳŜŦŜƴƻȄŀƳ ōǳǘ ǿƛƭƭ 

ŎƻƳǇƭŜǘŜ ǘŜǎǝƴƎ ŀƭƭ ƛǎƻƭŀǘŜǎ ƛƴ ǘƘŜ ŎƻƳƛƴƎ ƳƻƴǘƘǎΦ 9Ǿŀƭǳŀǝƻƴ ƻŦ ƎŜƴŜǝŎ ŘƛũŜǊŜƴŎŜǎ ƻŦ ǘƘŜ ƛǎƻƭŀǘŜǎ 

ŎŀǳǎƛƴƎ ǾŀǊȅƛƴƎ ƭŜŀƪ ǎȅƳǇǘƻƳǎΣ ŀƴŘ ŎƘŀǊŀŎǘŜǊƛȊƛƴƎ ǇŀǘƘƻƎŜƴǎ ŎŀǳǎƛƴƎ ƭŜŀƪ ŦƻǊ ƛƴŦŜŎǝƻƴ ŎƘŀǊŀŎǘŜǊƛǎǝŎǎ 

ŀƴŘ ŀƎƎǊŜǎǎƛǾŜƴŜǎǎ ǳƴŘŜǊ ŀ ǊŀƴƎŜ ƻŦ ǘŜƳǇŜǊŀǘǳǊŜ ǊŜƎƛƳŜǎ ŀǊŜ ǳƴŘŜǊǿŀȅΦ  

  

Objectives:  

1. 5ŜǘŜǊƳƛƴŜ ƳŜŦŜƴƻȄŀƳ όwƛŘƻƳƛƭ ϯύ ǎŜƴǎƛǝǾƛǘȅ ƻŦ P. erythroseptica ŀƴŘ  

PythiumκGlobisporangium ƛǎƻƭŀǘŜǎ ŎƻƭƭŜŎǘŜŘ ŦǊƻƳ ǘǳōŜǊǎ ǿƛǘƘ Ǉƛƴƪ Ǌƻǘ ŀƴŘ ƭŜŀƪ ǎȅƳǇǘƻƳǎΦ  

2. /ƘŀǊŀŎǘŜǊƛȊŜ ǘƘŜ ƎŜƴŜǝŎ ŘƛǾŜǊǎƛǘȅ ƛƴ ǘƘŜ PythiumκGlobisporangium ƛǎƻƭŀǘŜ ŎƻƳǇƭŜȄ ŀũŜŎǝƴƎ 

ǇƻǘŀǘƻŜǎΦ  

3. 5ŜŬƴŜ ǘƘŜ ŜũŜŎǘ ƻŦ ǘŜƳǇŜǊŀǘǳǊŜ ƻƴ ǇŀǘƘƻƎŜƴ ƎǊƻǿǘƘ ŀƴŘ ƛƴŦŜŎǝƻƴ ǊŀǘŜ κ ǎŜǾŜǊƛǘȅ ƛƴ 
PythiumκGlobisporangium ƛǎƻƭŀǘŜǎ ŎŀǳǎƛƴƎ ŎƭŀǎǎƛŎ ŀƴŘ ΨǿƘƛǘŜΩ ƭŜŀƪΦ  

  

Report:  

¢ŀōƭŜ мΦ /ǳǊǊŜƴǘ ƛǎƻƭŀǘŜ ŎƻƭƭŜŎǝƻƴ ŦǊƻƳ 

ǇƻǘŀǘƻŜǎ ǿƛǘƘ Ǉƛƴƪ Ǌƻǘ ǎȅƳǇǘƻƳǎ нлнпΦ 

[ƻŎŀǝƻƴ 
bǳƳōŜǊ ƻŦ 

ǎŀƳǇƭŜǎ 

bǳƳōŜǊ ƻŦ 

ƛǎƻƭŀǘŜǎ 

hǎŀƎŜ о у 

hǧŜǊǘŀƛƭ м т 

.ǊƻƻǘŜƴ м н 

ab ¢ƻǘŀƭ р мт 



фт  

  

CǊƻƳ {ŜǇǘŜƳōŜǊ ǘƘǊƻǳƎƘ bƻǾŜƳōŜǊ ƻŦ нлнпΣ ǿŜ ǎǳǊǾŜȅŜŘ 

ǎǘƻǊŀƎŜ ŦŀŎƛƭƛǝŜǎ ƛƴ aƛƴƴŜǎƻǘŀ ŀƴŘ bƻǊǘƘ 5ŀƪƻǘŀ ŦƻǊ ǘǳōŜǊǎ 

ŘƛǎǇƭŀȅƛƴƎ ǎȅƳǇǘƻƳǎ ƻŦ Ǉƛƴƪ Ǌƻǘ ŀƴŘ ƭŜŀƪ όCƛƎǳǊŜ мύΦ ! ǘƻǘŀƭ 

ƻŦ р ǘƻ мл ǘǳōŜǊǎ ǿŜǊŜ ǎŀƳǇƭŜŘ ŦǊƻƳ ŜŀŎƘ ǎǘƻǊŀƎŜ ŦŀŎƛƭƛǘȅΦ 

¢ǳōŜǊǎ ǿŜǊŜ Ŏǳǘ ƭŜƴƎǘƘǿƛǎŜ ŀƴŘ ƻōǎŜǊǾŜŘ ŦƻǊ ŎƭŀǎǎƛŎ ƭŜŀƪΣ 

ǿƘƛǘŜ ƭŜŀƪΣ ŀƴŘ Ǉƛƴƪ Ǌƻǘ ǎȅƳǇǘƻƳǎ όCƛƎǳǊŜ нύΦ  

²ƘƛǘŜ ƭŜŀƪ ǎȅƳǇǘƻƳǎ ƛƴŎƭǳŘŜ ŀƭƭ ǘƘŜ ǎŀƳŜ  ŎƘŀǊŀŎǘŜǊƛǎǝŎǎ ŀǎ ŎƭŀǎǎƛŎ ƭŜŀƪ ŜȄŎŜǇǘ ƛƴŦŜŎǘŜŘ ǘǳōŜǊ ǝǎǎǳŜ 

ŀǇǇŜŀǊǎ ŎǊŜŀƳȅ ǘƻ ǿƘƛǘŜΦ ¢ǿƻπŎƳ ǎŜŎǝƻƴǎ ǿŜǊŜ ŜȄŎƛǎŜŘ ŦǊƻƳ ŀǊŜŀǎ ǿƘŜǊŜ ǘƘŜ ǎȅƳǇǘƻƳŀǝŎ ǝǎǎǳŜ 

ƳŜŜǘǎ ǘƘŜ ƴƻƴπǎȅƳǇǘƻƳŀǝŎ ǝǎǎǳŜΣ ǇƭŀǘŜŘ ƻƴǘƻ PythiumκGlobisporangium, ŀƴŘ Phytophthora ǎŜƭŜŎǝǾŜ 

ƳŜŘƛŀΣ ŀƴŘ ƛƴŎǳōŀǘŜŘ ŦƻǊ пу ƘǊΦ /ǳƭǘǳǊŜǎ ǿŜǊŜ ŜȄŀƳƛƴŜŘ ŦƻǊ ƻƻƳȅŎŜǘŜ ŎƘŀǊŀŎǘŜǊƛǎǝŎǎ ŀƴŘ ǎŜƭŜŎǘŜŘ ŦƻǊ 

ǇǳǊƛŬŎŀǝƻƴΦ LǎƻƭŀǘŜǎ ǿŜǊŜ ǇƭŀŎŜŘ ƛƴǘƻ ƭƻƴƎπǘŜǊƳ ǎǘƻǊŀƎŜ ǳƴǝƭ ŦǳǊǘƘŜǊ ǳǎŜΦ  

¢ƻ ŘŀǘŜΣ нп Phytophthora ƛǎƻƭŀǘŜǎ ƘŀǾŜ 

ōŜŜƴ ŎƻƭƭŜŎǘŜŘ ŦǊƻƳ ǘǳōŜǊǎ ŜȄǇǊŜǎǎƛƴƎ Ǉƛƴƪ Ǌƻǘ 

ǎȅƳǇǘƻƳǎ ό¢ŀōƭŜ мύ ŀƴŘ тп 

PythiumκGlobisporangium ƛǎƻƭŀǘŜǎ ƘŀǾŜ ōŜŜƴ 

ŎƻƭƭŜŎǘŜŘ ŦǊƻƳ ǘǳōŜǊǎ ŜȄǇǊŜǎǎƛƴƎ ŎƭŀǎǎƛŎ όрп 

ƛǎƻƭŀǘŜǎύ ƻǊ ǿƘƛǘŜ όнл ƛǎƻƭŀǘŜǎύ ƭŜŀƪ ǎȅƳǇǘƻƳǎ 

ό¢ŀōƭŜ нύΦ  

  

Lƴƛǝŀƭ ŜȄǇŜǊƛƳŜƴǘǎ όм ǘǊƛŀƭύ ƛƴŘƛŎŀǘŜ ǘƘŀǘ 

ǘƘŜǊŜ ŀǊŜ ǎƛƎƴƛŬŎŀƴǘ ŘƛũŜǊŜƴŎŜǎ ōŜǘǿŜŜƴ 

ƛǎƻƭŀǘŜǎ ƻŦ ǿƘƛǘŜ ŀƴŘ ŎƭŀǎǎƛŎ ƭŜŀƪ ǇŀǘƘƻƎŜƴ 

ŀŎǊƻǎǎ ǘƘǊŜŜ ƛƴŎǳōŀǝƻƴ ǘŜƳǇŜǊŀǘǳǊŜǎ όCƛƎǳǊŜ 

оύΦ ¢ƘŜǎŜ Řŀǘŀ ǎƘƻǳƭŘ ōŜ ƛƴǘŜǊǇǊŜǘŜŘ ǿƛǘƘ 

ŜȄǘǊŜƳŜ Ŏŀǳǝƻƴ ŀǎ ƻƴƭȅ м ƛǎƻƭŀǘŜ ƻŦ ŜŀŎƘ 

ǇŀǘƘƻƎŜƴ ǿŀǎ ŜǾŀƭǳŀǘŜŘΦ  

  

aŜŦŜƴƻȄŀƳ όwƛŘƻƳƛƭϯΣ ŀƴŘ ƻǘƘŜǊǎύ 
¢ŀōƭŜ нΦ /ǳǊǊŜƴǘ ƛǎƻƭŀǘŜ ŎƻƭƭŜŎǝƻƴ ŦǊƻƳ ǇƻǘŀǘƻŜǎ ǎŜƴǎƛǝǾƛǘȅ Ƙŀǎ 

ōŜŜƴ ƳŜŀǎǳǊŜŘ ƻƴ ǎŜǾŜƴ ƛǎƻƭŀǘŜǎ ǿƛǘƘ ƭŜŀƪ ǎȅƳǇǘƻƳǎ нлнпΦ 

[ŀǊƛƳƻǊŜ м н 

hŀƪŜǎ н р 

b5 ¢ƻǘŀƭ о т 

hǾŜǊŀƭƭ ¢ƻǘŀƭ у нп 

[ƻŎŀǝƻƴ 
bǳƳōŜǊ ƻŦ bǳƳōŜǊ ƻŦ  

[Ŝŀƪ {ȅƳǇǘƻƳǎ ǎŀƳǇƭŜǎ ƛǎƻƭŀǘŜǎ 

.ǊƻƻǘŜƴ ²ƘƛǘŜ [Ŝŀƪ м н 

 /ƭŀǎǎƛŎ [Ŝŀƪ м н 

hǎŀƎŜ ²ƘƛǘŜ [Ŝŀƪ р с 

 /ƭŀǎǎƛŎ [Ŝŀƪ с му 

hǧŜǊǘŀƛƭ ²ƘƛǘŜ [Ŝŀƪ м м 

 /ƭŀǎǎƛŎ [Ŝŀƪ п т 

tŜǊƘŀƳ ²ƘƛǘŜ [Ŝŀƪ л л 

CƛƎǳǊŜ  м Φ ¢ǳōŜǊǎ  ŘƛǎǇƭŀȅƛƴƎ Ǌƻǘ ǎȅƳǇǘƻƳǎ ƛƴ ŀ  

ǎǘƻǊŀƎŜ ŦŀŎƛƭƛǘȅΦ   



фу  

  

ǘƻ ŘŀǘŜΦ ¢ƘŜǎŜ ǇǊŜƭƛƳƛƴŀǊȅ ŜȄǇŜǊƛƳŜƴǘǎ ŀǊŜ 

ŜƴŎƻǳǊŀƎƛƴƎ ƛƴ ǘƘŀǘ ŀƭƭ ƛǎƻƭŀǘŜǎ ŘƛǎǇƭŀȅ ǎŜƴǎƛǝǾŜ  

 /ƭŀǎǎƛŎ [Ŝŀƪ о т 

±ƛƴƛƴƎ ²ƘƛǘŜ [Ŝŀƪ м н 

 /ƭŀǎǎƛŎ [Ŝŀƪ м п 

²ŀŘŜƴŀ ²ƘƛǘŜ [Ŝŀƪ м н 

 /ƭŀǎǎƛŎ [Ŝŀƪ м м 

ab ¢ƻǘŀƭ ²ƘƛǘŜ [Ŝŀƪ ф мо 

 /ƭŀǎǎƛŎ [Ŝŀƪ мс оф 

hŀƪŜǎ ²ƘƛǘŜ [Ŝŀƪ о о 

 /ƭŀǎǎƛŎ [Ŝŀƪ о р 

IƻƛǎǘŀŘ ²ƘƛǘŜ [Ŝŀƪ м н 

 /ƭŀǎǎƛŎ [Ŝŀƪ л л 

[ŀǊƛƳƻǊŜ ²ƘƛǘŜ [Ŝŀƪ м н 

/ƭŀǎǎƛŎ [Ŝŀƪ м п 

[ƛǎōƻƴ ²ƘƛǘŜ [Ŝŀƪ л л 

/ƭŀǎǎƛŎ [Ŝŀƪ м с 

b5 ¢ƻǘŀƭ ²ƘƛǘŜ [Ŝŀƪ р т 

/ƭŀǎǎƛŎ [Ŝŀƪ р мр 

hǾŜǊŀƭƭ  ²ƘƛǘŜ [Ŝŀƪ 
¢ƻǘŀƭ /ƭŀǎǎƛŎ [Ŝŀƪ 

мп 
нм 

нл 
рп 

ƻǊ ƛƴǘŜǊƳŜŘƛŀǘŜ ǊŜŀŎǝƻƴǎ ǘƻ ǘƘŜ ŦǳƴƎƛŎƛŘŜ  
ό CƛƎǳǊŜ пύΦ   

CƛƎǳǊŜ  н Φ ¢ǳōŜǊǎ ǎŀƳǇƭŜŘ ŦǊƻƳ ǘƘŜ  

ǎŀƳŜ ǎǘƻǊŀƎŜ ŦŀŎƛƭƛǘȅ ŘƛǎǇƭŀȅƛƴƎ ǿƘƛǘŜ  

ό ǘƻǇύ ŀƴŘ ŎƭŀǎǎƛŎ όōƻǧƻƳύ ƭŜŀƪ  

ǎȅƳǇǘƻƳǎΦ   



фф  

  

  

CǳǘǳǊŜ ǿƻǊƪ ǿƛƭƭ ƛƴŎƭǳŘŜ ǎǇŜŎƛŜǎ 

ƛŘŜƴǝŬŎŀǝƻƴ ƻŦ ƛǎƻƭŀǘŜǎ ŎƻƭƭŜŎǘŜŘ ƛƴ нлнпΣ 

ŘŜǘŜǊƳƛƴƛƴƎ ǘƘŜ ƳŜŦŜƴƻȄŀƳ ǎŜƴǎƛǝǾƛǘȅ ƻŦ ǘƘŜ 

ǊŜƳŀƛƴƛƴƎ ƛǎƻƭŀǘŜǎΣ ŀƴŘ ŦǳǊǘƘŜǊ ŘŜŬƴƛƴƎ ǘƘŜ ŜũŜŎǘ 

ƻŦ ǘŜƳǇŜǊŀǘǳǊŜ ƻƴ ǇŀǘƘƻƎŜƴ ƎǊƻǿǘƘ ŀƴŘ 

ƛƴŦŜŎǝƻƴ ǊŀǘŜκǎŜǾŜǊƛǘȅ ƛƴ 

PythiumκGlobisporangium ƛǎƻƭŀǘŜǎ ŎŀǳǎƛƴƎ 

ŎƭŀǎǎƛŎ ŀƴŘ ǿƘƛǘŜ ƭŜŀƪΦ  

²Ŝ ǿƛƭƭ ŎƻƴǝƴǳŜ ǘƻ ŎƻƭƭŜŎǘ ǘǳōŜǊǎ ǿƛǘƘ 

ǎȅƳǇǘƻƳǎ ƻŦ Ǉƛƴƪ Ǌƻǘ ŀƴŘ ƭŜŀƪ ŀƴŘ ŜƴŎƻǳǊŀƎŜ 

ƎǊƻǿŜǊǎ ǘƻ ǊŜŀŎƘ ƻǳǘ ǎƻ ǿŜ Ŏŀƴ ƛƴŎƭǳŘŜ ǎŀƳǇƭŜǎ 

ŦǊƻƳ ŀŎǊƻǎǎ ǘƘŜ ǊŜƎƛƻƴ ƛƴ ƻǳǊ ǊŜǎŜŀǊŎƘΦ tƭŜŀǎŜ 

ǎŜŜ ǘƘŜ ƛƴǎǘǊǳŎǝƻƴǎ ōŜƭƻǿ ŦƻǊ ǇŀŎƪƛƴƎ ŀƴŘ 

ǎƘƛǇǇƛƴƎ ƛƴŦƻǊƳŀǝƻƴΦ CǳǘǳǊŜ ǿƻǊƪ ǿƛƭƭ ƛƴŎƭǳŘŜ 

ǎǇŜŎƛŜǎ ƛŘŜƴǝŬŎŀǝƻƴ ƻŦ ƛǎƻƭŀǘŜǎ ŎƻƭƭŜŎǘŜŘ ƛƴ 

нлнпΣ ŘŜǘŜǊƳƛƴƛƴƎ ǘƘŜ ƳŜŦŜƴƻȄŀƳ ǎŜƴǎƛǝǾƛǘȅΣ 

ŀƴŘ ŘŜŬƴƛƴƎ ǘƘŜ ŜũŜŎǘ ƻŦ ǘŜƳǇŜǊŀǘǳǊŜ ƻƴ 

ǇŀǘƘƻƎŜƴ ƎǊƻǿǘƘ ŀƴŘ ƛƴŦŜŎǝƻƴ ǊŀǘŜκǎŜǾŜǊƛǘȅ ƛƴ 

tȅǘƘƛǳƳκDƭƻōƛǎǇƻǊŀƴƎƛǳƳ ƛǎƻƭŀǘŜǎ ŎŀǳǎƛƴƎ ŎƭŀǎǎƛŎ 

ŀƴŘ ǿƘƛǘŜ ƭŜŀƪΦ  

  

Packing rotted tubers:  

 
1 Isolate was collected in 2008 and used as a 

mefenoxam sensitive control with a 

previously documented EC50 value of 0.02. 2 

Isolate was collected in 2009 and was used 

¢ŀōƭŜ оΦ 9/рл ǾŀƭǳŜǎ ŦƻǊ ǎŜǾŜƴ ƭŜŀƪ ƛǎƻƭŀǘŜǎ 

ŎƻƭƭŜŎǘŜŘ ƛƴ нлнпΦ 

 /ƻƭƭŜŎǝƻƴ  9/рл  

LǎƻƭŀǘŜ [Ŝŀƪ {ȅƳǇǘƻƳǎ 

 ¸ŜŀǊ ±ŀƭǳŜ 

as a mefenoxam resistant control with a 

previously documented EC50 value of > 100. 

 

 

 

CƛƎǳǊŜ оΦ LƴŎƛŘŜƴŎŜ ŀƴŘ ǇŜƴŜǘǊŀǝƻƴ ƻŦ ǿƘƛǘŜ ŀƴŘ ŎƭŀǎǎƛŎ ƭŜŀƪ ƻƴ ǘǳōŜǊǎ ƛƴƻŎǳƭŀǘŜŘ ǿƛǘƘ ŀ 

ǎƛƴƎƭŜ ƛǎƻƭŀǘŜ ƻŦ ŜŀŎƘ ǇŀǘƘƻƎŜƴ ŀƴŘ ƛƴŎǳōŀǘŜŘ ŀǘ ǘƘǊŜŜ ǘŜƳǇŜǊŀǘǳǊŜǎΦ  

нпabуπн ¢ǊŀŘƛǝƻƴŀƭ [Ŝŀƪ нлнп лΦлнр 

нпabрπм ¢ǊŀŘƛǝƻƴŀƭ [Ŝŀƪ нлнп лΦлол 

нпabоπр ²ƘƛǘŜ [Ŝŀƪ нлнп пΦрлл 

нпabмрπм ¢ǊŀŘƛǝƻƴŀƭ [Ŝŀƪ нлнп лΦлор 

нпabфπм ¢ǊŀŘƛǝƻƴŀƭ [Ŝŀƪ нлнп лΦлон 

нпabмсπм ¢ǊŀŘƛǝƻƴŀƭ [Ŝŀƪ нлнп мΦллл 

нпabмпπм ²ƘƛǘŜ [Ŝŀƪ нлнп лΦлрл 

луabмтπо1 ¢ǊŀŘƛǝƻƴŀƭ [Ŝŀƪ нллу лΦлмл 

лфabпπмн ¢ǊŀŘƛǝƻƴŀƭ [Ŝŀƪ нллф Ҕ млл 

ϝ 

ƴǎ ƴǎ 

пл 

рл 

сл 

тл 

ул 

фл 

сл тл ул 
¢ŜƳǇŜǊŀǘǳǊŜ όCύ 

²ƘƛǘŜ 

/ƭŀǎǎƛŎ 

ƴǎ 

ƴǎ 

ϝ 

л 

м 

н 

о 

п 

р 

с 

т 

сл тл ул 

¢ŜƳǇŜǊŀǘǳǊŜ όCύ 

²ƘƛǘŜ 

/ƭŀǎǎƛŎ 



млл  

  

Å /ƘƻƻǎŜ ǘǳōŜǊǎ ǿƛǘƘ ǎƻƳŜ ƘŜŀƭǘƘȅ ǝǎǎǳŜ ς ǿŜ Ŏŀƴƴƻǘ ƛǎƻƭŀǘŜ ŦǊƻƳ ŎƻƳǇƭŜǘŜƭȅ ǊƻǧŜŘ ǘǳōŜǊǎ  

Å 5Ǌȅ ǘǳōŜǊǎ ŀǎ ƛǎ ǇƻǎǎƛōƭŜΣ ǿǊŀǇ ǘƘŜƳ ƛƴ ŀ ŘǊȅ ǇŀǇŜǊ ǘƻǿŜƭ  

Å tƭŀŎŜ ƛƴǘƻ ŀ ǇƭŀǎǝŎ ōŀƎΣ ōǳǘ 5h bh¢ {9![ ǘƘŜ ōŀƎΣ ƻǊ ǇǳƴŎƘ ǎƻƳŜ ƘƻƭŜǎ  

Å {ƘƛǇ ƛƴ ŀ ǎǘǳǊŘȅ ōƻȄ ǿƛǘƘ ǎƻƳŜ ǇŀŘŘƛƴƎ  

Å уπмн ǘǳōŜǊǎ ǇŜǊ ŬŜƭŘ ƛǎ ƻǇǝƳǳƳΣ ōǳǘ ǎŜƴŘ ǿƘŀǘ ȅƻǳ Ŏŀƴ ŬƴŘ  

Å {ŜƴŘ ŀƴ ŜƳŀƛƭ ǿƛǘƘ ǘǊŀŎƪƛƴƎ ƛƴŦƻǊƳŀǝƻƴ ōŜŦƻǊŜ ǎƘƛǇǇƛƴƎ  

Å {ƘƛǇ ǘƻΥ WǳƭƛŜ tŀǎŎƘŜ Υ b5{¦ tƭŀƴǘ tŀǘƘ 5ŜǇǘΦ Υ мплн !ƭōǊŜŎƘǘ .ƭǾŘΦ Υ ²ŀƭǎǘŜǊ IŀƭƭΣ олс Υ  

CŀǊƎƻΣ b5 румлн Υ тлмπномπтрпт  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



млм  

  

  

Report for Proposal Title: {ƻƛƭ IŜŀƭǘƘ {/wL /ƻƴǝƴǳŀǝƻƴ CǳƴŘƛƴƎ  

Submitted to Northland Potato Growers Association  

  

Principle Investigator: WǳƭƛŜ tŀǎŎƘŜΣ 5ŜǇŀǊǘƳŜƴǘ ƻŦ tƭŀƴǘ tŀǘƘƻƭƻƎȅΣ bƻǊǘƘ 5ŀƪƻǘŀ  {ǘŀǘŜ 

¦ƴƛǾŜǊǎƛǘȅΣ CŀǊƎƻΣ b5 румлнΦ WǳƭƛŜΦtŀǎŎƘŜϪb5{¦ΦŜŘǳΤ тлмπномπтрпт  

  

Executive Summary: tƻǘŀǘƻŜǎ ¦{! Ƙŀǎ ǇǊƻǾƛŘŜŘ ŜŀŎƘ ǎǘŀǘŜ ƛƴǾƻƭǾŜŘ ǿƛǘƘ ǘƘŜ {ƻƛƭ IŜŀƭǘƘ {/wL ǇǊƻƧŜŎǘ 

ǿƛǘƘ ŦǳƴŘƛƴƎ ǘƻ ŎƻƴǝƴǳŜ ǘƘŜ Ǌƻǘŀǝƻƴǎ ǳƴƛƴǘŜǊǊǳǇǘŜŘ ŘǳǊƛƴƎ ǘƘŜ нлнп ƎǊƻǿƛƴƎ ǎŜŀǎƻƴ ǳƴǝƭ ǘƘŜ ƴŜȄǘ {/wL 

όƻǊ ǎƛƳƛƭŀǊύ ŦǳƴŘƛƴƎ ŀǿŀǊŘ ƛǎ ǎŜŎǳǊŜŘΦ ¢ƘŜ ŜƳŀƛƭ ōŜƭƻǿ ŎƻƴŬǊƳǎ ǘƘŜ ƛƴǘŜƴǘ ƻŦ ǘƘŜ ŦǳƴŘƛƴƎ ŦǊƻƳ tƻǘŀǘƻŜǎ 

¦{! ǘƻ ǘƘŜ tL ŦǊƻƳ ŜŀŎƘ ǎǘŀǘŜ ƛƴǾƻƭǾŜŘ ƛƴ ǘƘŜ ƻōƧŜŎǝǾŜ м ǊŜǇƭƛŎŀǘŜŘ ǘǊƛŀƭǎΦ  



млн  

  

 

  

Procedures: ¢ƘŜ ŜȄǇŜǊƛƳŜƴǘ Ŏƻƴǎƛǎǘǎ ƻŦ ŀ нπȅŜŀǊ ŀƴŘ ŀ оπȅŜŀǊ Ǌƻǘŀǝƻƴ ǿƛǘƘ ǎƛȄ ǘǊŜŀǘƳŜƴǘǎ ǊŜǇƭƛŎŀǘŜŘ ŬǾŜ 

ǝƳŜǎ ό¢ŀōƭŜ мύΦ ¢ƘŜ нπȅŜŀǊ Ǌƻǘŀǝƻƴ ǿŀǎ ǇƭŀƴǘŜŘ ǘƻ ǇƻǘŀǘƻŜǎ ƛƴ нлнп ŀƴŘ ǘƘŜ оȅŜŀǊ Ǌƻǘŀǝƻƴ ǿŀǎ ǇƭŀƴǘŜŘ 

ǘƻ ŬŜƭŘ ǇŜŀǎΦ 5ǳŜ ǘƻ ǘƘŜ ƛǊǊƛƎŀǘƻǊ ŀǘ ǘƘƛǎ ǎƛǘŜ ōŜƛƴƎ ƳƻǾŜŘ ōȅ ǘƘŜ ŎƻƻǇŜǊŀǘƻǊΣ Ǉƻǘŀǘƻ ǇƭŀƴǝƴƎ ǿŀǎ ŘŜƭŀȅŜŘ 

ǳƴǝƭ WǳƴŜ мпΦ tƻǘŀǘƻŜǎ ŎǾǎ wǳǎǎŜǘ .ǳǊōŀƴƪ ŀƴŘ .ŀƴƴƻŎƪ wǳǎǎŜǘ ǿŜǊŜ ǇƭŀƴǘŜŘ ƻƴ осπƛƴŎƘ Ǌƻǿǎ ŀǘ мпπƛƴŎƘ 

ǎŜŜŘ ǎǇŀŎƛƴƎ όCƛƎǳǊŜ мύΦ CƛŜƭŘ ǇŜŀǎ ǿŜǊŜ ǇƭŀƴǘŜŘ ƻƴ WǳƴŜ нс ƛƴ сπƛƴ Ǌƻǿǎ ŀǘ п ōǳǎƘŜƭǎκŀŎǊŜΦ .ƻǘƘ ŎǊƻǇǎ 

ǿŜǊŜ ƳŀƴŀƎŜŘ ǇŜǊ ƭƻŎŀƭ ǊŜŎƻƳƳŜƴŘŀǝƻƴǎ ŀƴŘ ŀƎǊƻƴƻƳƛŎ ǇǊŀŎǝŎŜǎΦ 9ƳŜǊƎŜƴŎŜ ǿŀǎ ǊŜŎƻǊŘŜŘ ƻƴ Wǳƭȅ 

нрΣ Ǿƛǎǳŀƭ ŦƻƭƛŀǊ ǾƛƴŜ ǎŜƴŜǎŎŜƴŎŜ ŀǎǎŜǎǎƳŜƴǘǎ ǿŜǊŜ ǘŀƪŜƴ ƻƴ !ǳƎǳǎǘ но ŀƴŘ нфΣ ŀƴŘ ǎƻƛƭ ǎŀƳǇƭŜǎ ǿŜǊŜ 

ŎƻƭƭŜŎǘŜŘ ŦǊƻƳ ŜŀŎƘ Ǉƻǘŀǘƻ Ǉƭƻǘ ƻƴ !ǳƎǳǎǘ нл ŀƴŘ ǇŜŀ Ǉƭƻǘ ƻƴ hŎǘƻōŜǊ муΦ tƻǘŀǘƻ ǘǳōŜǊǎ ǿŜǊŜ ŎƻƭƭŜŎǘŜŘ 

ŦƻǊ ȅƛŜƭŘ ŀƴŘ ǉǳŀƭƛǘȅ ŀǎǎŜǎǎƳŜƴǘǎ ŀǘ ƘŀǊǾŜǎǘ ƻƴ {ŜǇǘΦ мтΦ {ƻƛƭǎ ǿŜǊŜ ǎǳōǎŀƳǇƭŜŘ ŀƴŘ ǎǘƻǊŜŘ ŦƻǊ ƳƛŎǊƻōƛŀƭ 

ŎƻƳƳǳƴƛǘȅ ŦǳƴŎǝƻƴŀƭ ŀƴŀƭȅǎƛǎ όŀǘ πул/ύ ŀƴŘ ŀƴŀƭȅǎƛǎ ƻŦ ǎƻƛƭ ǇƘȅǎƛŎŀƭΣ ŎƘŜƳƛŎŀƭΣ ŀƴŘ ōƛƻƭƻƎƛŎŀƭ ǇǊƻǇŜǊǝŜǎ 

όŘǊƛŜŘ ŦƻǊ ƭƻƴƎπǘŜǊƳ ǎǘƻǊŀƎŜύΦ  



мло  

  

  

¢ŀōƭŜ мΦ bƻǊǘƘ 5ŀƪƻǘŀ ŎǊƻǇ Ǌƻǘŀǝƻƴǎ ŦƻǊ ƻōƧŜŎǝǾŜ м ŦƻǊ ȅŜŀǊǎ нлмфπнлнпΦ 

¢ǊŜŀǘƳŜƴǘŀ 

нлмф  нлнл  нлнм нлннŎ нлноŎ нлнпŎ 

/ǊƻǇ 
/ƻǾŜǊ 

/ǊƻǇ /ǊƻǇō 
/ƻǾŜǊ 

/ǊƻǇ 
/ƻǾŜǊ  

/ǊƻǇ /ǊƻǇ /ǊƻǇ /ǊƻǇ /ǊƻǇ 

м 
н 
о 
п 

р 
с 

wǳǎǎŜǘ .ǳǊōŀƴƪ 
wǳǎǎŜǘ .ǳǊōŀƴƪ 
wǳǎǎŜǘ .ǳǊōŀƴƪ 
wǳǎǎŜǘ .ǳǊōŀƴƪ 

wǳǎǎŜǘ .ǳǊōŀƴƪ 
.ŀƴƴƻŎƪ wǳǎǎŜǘ 

wȅŜ 
wȅŜ 
wȅŜ 
wȅŜ 

wȅŜ 
wȅŜ 

/ƻǊƴ 
/ƻǊƴ Ҍ оǘ ¢a 

/ƻǊƴ 
/ƻǊƴ Ҍ сǘ ¢a 
/ƻǊƴ Ҍ оǘ ¢a 
/ƻǊƴ 

 ²ƘŜŀǘ 
²ƘŜŀǘ 
²ƘŜŀǘ aǳǎǘŀǊŘ 

²ƘŜŀǘ ²ƘŜŀǘ 

aǳǎǘŀǊŘ 
²ƘŜŀǘ 

wǳǎǎŜǘ .ǳǊōŀƴƪ 
wǳǎǎŜǘ .ǳǊōŀƴƪ 
wǳǎǎŜǘ .ǳǊōŀƴƪ 
wǳǎǎŜǘ .ǳǊōŀƴƪ 

wǳǎǎŜǘ .ǳǊōŀƴƪ 
.ŀƴƴƻŎƪ wǳǎǎŜǘ 

hŀǘǎ 
hŀǘǎ 
hŀǘǎ 

hŀǘǎ 
hŀǘǎ 
hŀǘǎ 

wǳǎǎŜǘ .ǳǊōŀƴƪ 
wǳǎǎŜǘ .ǳǊōŀƴƪ 
wǳǎǎŜǘ .ǳǊōŀƴƪ 

wǳǎǎŜǘ .ǳǊōŀƴƪ 

wǳǎǎŜǘ .ǳǊōŀƴƪ 
.ŀƴƴƻŎƪ wǳǎǎŜǘ 

т 
у 
ф 
мл 
мм 
мн 

ŬŜƭŘ ǇŜŀ 

ŬŜƭŘ ǇŜŀ 

ŬŜƭŘ ǇŜŀ 

ŬŜƭŘ ǇŜŀ 

ŬŜƭŘ ǇŜŀ 

ŬŜƭŘ ǇŜŀ 

wȅŜ 
wȅŜ 
wȅŜ 
wȅŜ 
wȅŜ 
wȅŜ 

wǳǎǎŜǘ .ǳǊōŀƴƪ 
wǳǎǎŜǘ .ǳǊōŀƴƪ 
wǳǎǎŜǘ .ǳǊōŀƴƪ 
wǳǎǎŜǘ .ǳǊōŀƴƪ 
wǳǎǎŜǘ .ǳǊōŀƴƪ 
.ŀƴƴƻŎƪ 

wȅŜ 
wȅŜ 
wȅŜ 
wȅŜ 

wȅŜ 
wȅŜ 

²ƘŜŀǘ 

Ŏоǘ 
²ƘŜŀǘ aǳǎǘŀǊŘ 

Ŏсǘ 
²ƘŜŀǘ aǳǎǘŀǊŘ 

²ƘŜŀǘ 

wǳǎǎŜǘ .ǳǊōŀƴƪ 
wǳǎǎŜǘ .ǳǊōŀƴƪ 
wǳǎǎŜǘ .ǳǊōŀƴƪ 
wǳǎǎŜǘ .ǳǊōŀƴƪ 
wǳǎǎŜǘ .ǳǊōŀƴƪ 
.ŀƴƴƻŎƪ 

hŀǘǎ 
hŀǘǎ 
hŀǘǎ 
hŀǘǎ 
hŀǘǎ 
hŀǘǎ 

CƛŜƭŘ tŜŀ 
CƛŜƭŘ tŜŀ 
CƛŜƭŘ tŜŀ 
CƛŜƭŘ tŜŀ 
CƛŜƭŘ tŜŀ 
CƛŜƭŘ tŜŀ 

ŀ 
¢ǊŜŀǘƳŜƴǘǎ ƘƛƎƘƭƛƎƘǘŜŘ ƎǊŜŜƴ ƛƴŘƛŎŀǘŜ о ȅŜŀǊ ǊƻǘŀǝƻƴΦ ¢ǊŜŀǘƳŜƴǘǎ ƘƛƎƘƭƛƎƘǘŜŘ ȅŜƭƭƻǿ ƛƴŘƛŎŀǘŜ н ȅŜŀǊ ǊƻǘŀǝƻƴΦ 
ō 
оǘ ¢a ƛƴŘƛŎŀǘŜǎ о ǘƻƴǎ ƻŦ ǘǳǊƪŜȅ ƳŀƴǳǊŜ ǿŀǎ ŀǇǇƭƛŜŘ ƛƴ ǎǇǊƛƴƎ 
ō 
сǘ ¢a ƛƴŘƛŎŀǘŜǎ с ǘƻƴǎ ƻŦ ǘǳǊƪŜȅ ƳŀƴǳǊŜ ǿŀǎ ŀǇǇƭƛŜŘ ƛƴ ǎǇǊƛƴƎ 
Ŏ 
bƻ ŎƻǾŜǊ ŎǊƻǇ ǿŀǎ ǇƭŀƴǘŜŘ ƛƴ нлннΣ нлноΣ ŀƴŘ нлнп   
  

Results to Date  

±ƛǎǳŀƭ ŜǾŀƭǳŀǝƻƴǎ ƻŦ ŦƻƭƛŀǊ ǎŜƴŜǎŎŜƴŎŜ ƛƴŘƛŎŀǘŜ ǘƘŀǘ Ǉƭŀƴǘǎ ƻŦ ŎǾ .ŀƴƴƻŎƪ wǳǎǎŜǘ ǿŜǊŜ Ƴƻǎǘ ƘŜŀƭǘƘȅ 

όŘƛǎǇƭŀȅŜŘ ǘƘŜ ƭŜŀǎǘ ŀƳƻǳƴǘ ƻŦ ǎŜƴŜǎŎŜƴŎŜύΣ ǎƛƎƴƛŬŎŀƴǘƭȅ ǎƻ ŎƻƳǇŀǊŜŘ ǘƻ ǎƻƳŜ wǳǎǎŜǘ .ǳǊōŀƴƪ 

ǘǊŜŀǘƳŜƴǘǎ ό¢ŀōƭŜ нύΦ ¢Ƙƛǎ ƛǎ ƭƛƪŜƭȅ ŘǳŜ ǘƻ .ŀƴƴƻŎƪΩǎ ±ŜǊǝŎƛƭƭƛǳƳ ǿƛƭǘ ǊŜǎƛǎǘŀƴŎŜΦ bƻ ǎƛƎƴƛŬŎŀƴǘ ŘƛũŜǊŜƴŎŜ 

ǿŀǎ ƻōǎŜǊǾŜŘ ŀƳƻƴƎ ǘƘŜ wǳǎǎŜǘ .ǳǊōŀƴƪ ǘǊŜŀǘƳŜƴǘǎΦ {ƛƎƴƛŬŎŀƴǘ ŘƛũŜǊŜƴŎŜǎ ƛƴ ǘƻǘŀƭ ȅƛŜƭŘ ǿŜǊŜ ƻōǎŜǊǾŜŘ 

ōǳǘ ƴƻ ŘƛũŜǊŜƴŎŜǎ ƛƴ ǘǳōŜǊ ƎǊŀŘŜ ƻǊ ƳŀǊƪŜǘŀōƭŜ ȅƛŜƭŘ ǿŜǊŜ ƻōǎŜǊǾŜŘ ό¢ŀōƭŜ нύΦ 5ǳŜ ǘƻ ǘƘŜ ŘŜƭŀȅǎ ƛƴ 

ǇƭŀƴǝƴƎ ŀƴŘ ŜŀǊƭȅ ƘŀǊǾŜǎǘΣ ȅƛŜƭŘǎ ǿŜǊŜ ǾŜǊȅ ŘŜǇǊŜǎǎŜŘΦ !ǎǎŜǎǎƳŜƴǘǎ ŦƻǊ ǎǇŜŎƛŬŎ ƎǊŀǾƛǘȅ ŀƴŘ ǘǳōŜǊ 

ŘƛǎŜŀǎŜ ŀǊŜ ƻƴƎƻƛƴƎΦ ¢ŜǎǝƴƎ ǎƻƛƭ ǇƘȅǎƛŎŀƭΣ ŎƘŜƳƛŎŀƭΣ ŀƴŘ ōƛƻƭƻƎƛŎŀƭ ǇǊƻǇŜǊǝŜǎ ŀƴŘ ƳƛŎǊƻōƛŀƭ ŎƻƳƳǳƴƛǘȅ 

ŀǊŜ ǿŀƛǝƴƎ ŦƻǊ ŦǳǘǳǊŜ ŦǳƴŘƛƴƎΦ  

Preliminary Conclusions  

¢Ƙƛǎ ŦǳƴŘƛƴƎ ǿŀǎ ƛƴǘŜƴŘŜŘ ǘƻ ŎƻƴǝƴǳŜ ǘƘŜ рπȅǊ {/wL {ƻƛƭ IŜŀƭǘƘ ǇǊƻƧŜŎǘΦ ²Ŝ ƘŀǾŜ ŀ ƳŀǎǎƛǾŜ ŀƳƻǳƴǘ ƻŦ 

Řŀǘŀ ŦǊƻƳ ǘƘŜǎŜ с ȅŜŀǊǎΦ ²Ŝ ƘŀǾŜ ǇǊŜǎŜƴǘŜŘ ƻƴƭȅ ǘƘŜ ǊŜǎǳƭǘǎ ŦǊƻƳ Řŀǘŀ ŎƻƭƭŜŎǘŜŘ ŦǊƻƳ ǘƘƛǎ ŦǳƴŘƛƴƎ ŦƻǊ 

Ǉƻǘŀǘƻ Ǉƭƻǘǎ ŘǳǊƛƴƎ ǘƘŜ нлнп ƎǊƻǿƛƴƎ ǎŜŀǎƻƴΦ ¢ƘŜǎŜ Řŀǘŀ ǿƛƭƭ ōŜ ŎƻƳōƛƴŜŘ ǿƛǘƘ Řŀǘŀ ŎƻƭƭŜŎǘŜŘ ǇǊŜǾƛƻǳǎƭȅ 

ŀǘ ƻǳǊ ǎƛǘŜ ŀƴŘ ŀǘ ǘƘŜ ƴƛƴŜ ƻǘƘŜǊ ǎƛǘŜǎ ŀŎǊƻǎǎ ǘƘŜ ¦{ ǘƻ ƛƴŎǊŜŀǎŜ ƻǳǊ ƪƴƻǿƭŜŘƎŜ ƻŦ Ƙƻǿ ǘƘŜ ŎǊƻǇǇƛƴƎ 

ǎȅǎǘŜƳǎ ŜǾŀƭǳŀǘŜŘ Ŏŀƴ ƘŜƭǇ ǘƻ ƛƳǇǊƻǾŜ ǎƻƛƭ ƘŜŀƭǘƘ ƛƴ Ǉƻǘŀǘƻ ǇǊƻŘǳŎǝƻƴΦ Lǘ ƛǎ ǳƴŎƭŜŀǊ ǿƘŜǊŜ ŀŘŘƛǝƻƴŀƭ 

ŦǳƴŘƛƴƎ ǿƛƭƭ ŎƻƳŜ ǘƻ ŎƻƴǝƴǳŜ ǘƘŜǎŜ ƭƻƴƎπǘŜǊƳ ǎǘǳŘƛŜǎ ƛƴ ǘƘŜ ŦǳǘǳǊŜΦ  



млп  

  

 

  

  
¢ŀōƭŜ нΦ ¢ƻǘŀƭ ŀƴŘ ƳŀǊƪŜǘŀōƭŜ ȅƛŜƭŘΣ ǘǳōŜǊ ƎǊŀŘŜΣ ŀƴŘ ǾƛƴŜ ǎŜƴŜǎŎŜƴŎŜ ŦƻǊ ǘƘŜ {ƻƛƭ IŜŀƭǘƘ {/wL ǘǊƛŀƭ 
ŎƻƴŘǳŎǘŜŘ ƴŜŀǊ IǳōōŀǊŘΣ ab ƛƴ нлнпΦ 

¢ǊŜŀǘƳŜƴǘ 
¢ƻǘŀƭ ¸ƛŜƭŘ 

όŎǿǘκŀύϝ 
¢ƻǘŀƭ ¦{ bƻΦ 

м όŎǿǘκŀύ 
¢ƻǘŀƭ ¦{ bƻΦ 

н όŎǿǘκŀύ 
aŀǊƪŜǘŀōƭŜ 

¸ƛŜƭŘ όŎǿǘκŀύ 
¢ƻǘŀƭ Ҕ 

сƻȊ ό҈ύ 
¢ƻǘŀƭ Ҕ 

млƻȊ ό҈ύ 
±ƛƴŜ ƘŜŀƭǘƘ 

уκнф ό҈ύϝ 

м 

н 

о 

п 

р 
с 

ннпΦп ! 

нмсΦс ! 

нлтΦс ! 

нлрΦм ! 

нлнΦт ! 
мпоΦт . 

млмΦл ! 

фпΦу ! 

флΦо ! 

уоΦр ! 

умΦо ! 
тоΦм ! 

мтΦт ! 

мрΦс ! 

мнΦм ! 

ммΦт ! 

ммΦо ! 
оΦо ! 

ммлΦт ! 

млсΦм ! 

млнΦл ! 

млмΦн ! 

фсΦф ! 
трΦт ! 

нсΦт ! 

нсΦм ! 

нпΦт ! 

ннΦм ! 

нмΦр ! 
нмΦл ! 

тΦм ! 

сΦу ! 

рΦм ! 

пΦф ! 

пΦл ! 
оΦу ! 

усΦл !. 

уоΦо . 

унΦу . 

усΦо !. 

унΦр . 
мллΦл ! 

ϝ{ƛƎƴŬŎŀƴǘ ŘƛũŜǊŜƴŎŜǎ ǿŜǊŜ ƻōǎŜǊǾŜŘ ŀƳƻƴƎ ǘǊŜŀǘƳŜƴǘǎ όt ғ лΦлрύ ǳǎƛƴƎ ŀ ŎƻƳōƛƴŀǝƻƴ ƻŦ ǘƘŜ 
ƳŜǘƘƻŘ ƻŦ ƭŜŀǎǘ ǎǉǳŀǊŜǎ Ŭǘ ŀƴŘ ¢ǳƪŜȅϥǎ ƘƻƴŜǎǘƭȅ ǎƛƎƴƛŬŎŀƴǘ ŘƛũŜǊŜƴŎŜ ŀƴŀƭȅǎŜǎΦ    

 

 

 

 

 

 

 

CƛƎǳǊŜ мΦ wƻǿ ƳŀǊƪƛƴƎ ŀƴŘ ƳƛŘ π ǎŜŀǎƻƴ ŘƛǎŜŀǎŜ  

ŀǎǎŜǎǎƳŜƴǘǎ ƛƴ ǘƘŜ нлнп {/wL {ƻƛƭ IŜŀƭǘƘ ǘǊƛŀƭΦ   



млр  

  

bƻǊǘƘƭŀƴŘ tƻǘŀǘƻ DǊƻǿŜǊǎ !ǎǎƻŎƛŀǝƻƴ   

aƛƴƴŜǎƻǘŀ !ǊŜŀ LL tƻǘŀǘƻ DǊƻǿŜǊǎ /ƻǳƴŎƛƭ  

  

¢ƛǘƭŜΥ {ǘƻǊŀƎŜ ǉǳŀƭƛǘȅ ƻŦ ŀŘǾŀƴŎŜŘ ǇǊƻŎŜǎǎƛƴƎ ŀƴŘ ȅŜƭƭƻǿ ƅŜǎƘŜŘ Ǉƻǘŀǘƻ ŎƭƻƴŜǎΦ    

5ŀǊǊƛƴ IŀŀƎŜƴǎƻƴΣ ¦{5!π!w{ tƻǘŀǘƻ wŜǎŜŀǊŎƘ ²ƻǊƪǎƛǘŜΣ омм рǘƘ !ǾŜ b9Σ   

9ŀǎǘ DǊŀƴŘ CƻǊƪǎΣ ab рстнмΣ ŘŀǊǊƛƴΦƘŀŀƎŜƴǎƻƴϪǳǎŘŀΦƎƻǾΣ нмуΦттоΦнпто όƻŶŎŜύΣ тлмΦнмфΦпфлр 

όŎŜƭƭύ  

  

9ȄŜŎǳǝǾŜ {ǳƳƳŀǊȅΥ  

tǊƻŎŜǎǎƛƴƎ vǳŀƭƛǘȅ ƻŦ ¸Ŝƭƭƻǿ CƭŜǎƘ ŀƴŘ bŜǿ tǳōƭƛŎ ±ŀǊƛŜǝŜǎΥ {ǘƻǊŀƎŜ ǉǳŀƭƛǘȅ ƻŦ CƻƴǘŀƴŜΣ ŀ ȅŜƭƭƻǿ ƅŜǎƘ 

ǾŀǊƛŜǘȅΣ ƎǊƻǿƴ ǳƴŘŜǊ b5 ŘǊȅƭŀƴŘ ŎƻƴŘƛǝƻƴǎ ǿŀǎ ŜȄŀƳƛƴŜŘΦ  CƻƴǘŀƴŜ ǇǊƻŘǳŎŜŘ ƛƴ b5 όнлноύ ȅƛŜƭŘŜŘ 

ŜȄŎŜƭƭŜƴǘ ŦǊȅ ŎƻƭƻǊ ǘƘǊƻǳƎƘƻǳǘ мн ƳƻƴǘƘǎ ƻŦ пр ŀƴŘ пуϲC ǎǘƻǊŀƎŜΦ  tƻǘŀǘƻ ŎƭƻƴŜǎ ŦǊƻƳ b5{¦Σ ¦abΣ ŀƴŘ 

ƻǘƘŜǊ ǇǳōƭƛŎ ōǊŜŜŘƛƴƎ ǇǊƻƎǊŀƳǎ ŀǊŜ ŀƭǎƻ ōŜƛƴƎ ǘǊƛŀƭŜŘ ŀǘ ǘƘŜ ¦{5!π!w{ ƭŀō ƛƴ 9ŀǎǘ DǊŀƴŘ CƻǊƪǎΦ  

tǊƻŎŜǎǎƛƴƎ ǉǳŀƭƛǘȅ όŦǊȅ ŎƻƭƻǊύ ŀƴŘ ǎǳƎŀǊ ŎƻƴŎŜƴǘǊŀǝƻƴǎ ŀǊŜ ŎƻƳǇŀǊŜŘ ŀƎŀƛƴǎǘ ŎƻƳƳŜǊŎƛŀƭ ŎƘŜŎƪ ǾŀǊƛŜǝŜǎ 

ǘƘǊƻǳƎƘƻǳǘ мл ƳƻƴǘƘǎ ƻŦ ǎǘƻǊŀƎŜ ŀǘ ŎƻƴǘǊŀǎǝƴƎ ǎǘƻǊŀƎŜ ǘŜƳǇŜǊŀǘǳǊŜǎΦ 9ŀǊƭȅ ǎǘƻǊŀƎŜ ǇǊƻŎŜǎǎƛƴƎ Řŀǘŀ 

ŦǊƻƳ ǘƘŜ нлнп ŎǊƻǇ ȅŜŀǊ ƛǎ ǇǊŜǎŜƴǘŜŘ ŦǊƻƳ ǎŜƭŜŎǘ ǇǳōƭƛŎ ŎƭƻƴŜǎΦ     

{ǘƻǊŀƎŜ .ǊǳǎƛƴƎΥ  tǊŜǎǎǳǊŜ ōǊǳƛǎƛƴƎ Ƴŀȅ ŀŎŎƻǳƴǘ ŦƻǊ ǎƛƎƴƛŬŎŀƴǘ ǎǘƻǊŀƎŜ ƭƻǎǎŜǎ ŀŎǊƻǎǎ ŀƭƭ ƳŀǊƪŜǘ ǘȅǇŜǎΦ 

tǊŜǎǎǳǊŜ ƅŀǧŜƴƛƴƎκōǊǳƛǎƛƴƎ ƻŎŎǳǊǎ ŀƊŜǊ ǇǊƻƭƻƴƎŜŘ ǎǘƻǊŀƎŜ ŀƴŘ ǘƘŜ ŎƻƳōƛƴŜŘ ŜũŜŎǘ ƻŦ ǾŀǊƛŜǘȅ ǎŜƭŜŎǝƻƴΣ 

ƘŀǊǾŜǎǘΣ ŀƴŘ ǎǘƻǊŀƎŜ ƳŀƴŀƎŜƳŜƴǘ ŎƻƴǘǊƛōǳǘŜ ǘƻ ǇǊŜǎǎǳǊŜ ōǊǳƛǎƛƴƎΦ  wŜǎǳƭǘǎ ŦǊƻƳ ŀ нлноπнп ǊŜǇƭƛŎŀǘŜŘ 

ǎǘƻǊŀƎŜ ǘǊƛŀƭǎ ŀǊŜ ǇǊŜǎŜƴǘŜŘ ŀǎ ǿŜƭƭ ŀǎ ŀƴ ǳǇŘŀǘŜ ƻƴ нлнп ǇǊŜǎǎǳǊŜ ōǊǳƛǎŜ ǎǘƻǊŀƎŜ ŜǾŀƭǳŀǝƻƴǎΦ      

wŀǝƻƴŀƭΥ   

tƻǎǘƘŀǊǾŜǎǘ ǇǊƻŎŜǎǎƛƴƎ ǉǳŀƭƛǘȅΥ  ²ƛǘƘ ǘƘŜ ŀƴƴƻǳƴŎŜƳŜƴǘ ƻŦ !ƎǊƛǎǘƻΩǎ Ǉƻǘŀǘƻ ǇǊƻŎŜǎǎƛƴƎ Ǉƭŀƴǘ ŎƻƳƛƴƎ ǘƻ 

bƻǊǘƘ 5ŀƪƻǘŀΣ ǉǳŀƴǝŦȅƛƴƎ ǇǊƻŎŜǎǎƛƴƎ ǉǳŀƭƛǘȅ ƻŦ ȅŜƭƭƻǿ ƅŜǎƘ ǾŀǊƛŜǝŜǎ όŎƻƳƳŜǊŎƛŀƭ ŀƴŘ ǇǳōƭƛŎύ ǳƴŘŜǊ 

b5κab ŜƴǾƛǊƻƴƳŜƴǘǎ ƛǎ ŎǊƛǝŎŀƭΦ  Lƴ ŀŘŘƛǝƻƴΣ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ǘƘŜ ǇƻǎǘƘŀǊǾŜǎǘ ƳŀƴŀƎŜƳŜƴǘ ƻŦ ƴŜǿ ǇǳōƭƛŎ 

ǇǊƻŎŜǎǎƛƴƎ ŎƭƻƴŜǎ όŎƘƛǇ ƻǊ ŦǊȅύ ƛǎ ŎǊǳŎƛŀƭ ǘƻ ǳƴŘŜǊǎǘŀƴŘ ǾŀǊƛŜǘŀƭ ŘƛũŜǊŜƴŎŜǎ ǘƘŀǘ Ƴŀȅ ƛƳǇŀŎǘ ǇƻǎǘƘŀǊǾŜǎǘ 

ǎǘƻǊŀƎŜ ǉǳŀƭƛǘȅΦ     

  

{ǘƻǊŀƎŜ .ǊǳƛǎƛƴƎΥ  tǊŜǎǎǳǊŜ ƅŀǧŜƴƛƴƎκōǊǳƛǎƛƴƎ ŎƻƳƳƻƴƭȅ ƻŎŎǳǊǎ ŦƻƭƭƻǿƛƴƎ ǇǊƻƭƻƴƎŜŘ ǎǘƻǊŀƎŜ ŀƴŘ ǇƻǎŜǎ 

ŀ ǎƛƎƴƛŬŎŀƴǘ ŎƘŀƭƭŜƴƎŜ ǘƻ ǇǊƻŘǳŎŜǊǎΦ  9ƭŜǾŀǘŜŘ ǿŀǘŜǊ ƭƻǎǎ ŘǳǊƛƴƎ ŜŀǊƭȅ ǎǘƻǊŀƎŜ ƛǎ ƻƊŜƴ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ 

ƛƴŎǊŜŀǎŜŘ ǇǊŜǎǎǳǊŜ ōǊǳƛǎƛƴƎΦ  IƻǿŜǾŜǊΣ ƴƻǘ ŀƭƭ ǾŀǊƛŜǝŜǎ ōŜƘŀǾŜ ǘƘŜ ǎŀƳŜΣ ŀǎ ǎƻƳŜ ǾŀǊƛŜǝŜǎ Ƴŀȅ ƘŀǾŜ 

ŘƛũŜǊŜƴǘ ǇƻǎǘƘŀǊǾŜǎǘ ǎǘƻǊŀƎŜ ǊŜǉǳƛǊŜƳŜƴǘǎ όǘŜƳǇŜǊŀǘǳǊŜΣ ŎƻƻƭƛƴƎ ǊŀǘŜκŘǳǊŀǝƻƴΣ ŀƴŘ ƘǳƳƛŘƛǘȅύ ŦƻǊ 

ǇǊƻǇŜǊ ǿƻǳƴŘ ƘŜŀƭƛƴƎ ǘƘŀǘ ǿƛƭƭ ƳƛƴƛƳƛȊŜ ōǊǳƛǎƛƴƎΦ   

¦ƴŘŜǊǎǘŀƴŘƛƴƎ ǘƘŜ ƛƳǇŀŎǘǎ ƻŦ ƘŀǊǾŜǎǘ ƳŀƴŀƎŜƳŜƴǘ όǝƳƛƴƎκǘŜƳǇŜǊŀǘǳǊŜκŎƻƻƭƛƴƎ ǊŀǘŜκŘǳǊŀǝƻƴύ ƻƴ 

ǘǳōŜǊ ǿŀǘŜǊ ǊŜƭŀǝƻƴǎ ƛǎ ǇƻƻǊƭȅ ǳƴŘŜǊǎǘƻƻŘΣ ŜǎǇŜŎƛŀƭƭȅ ƛƴ ƴŜǿƭȅ ǊŜƭŜŀǎŜŘ ŎƭƻƴŜǎΦ tǊŜǎǎǳǊŜ 

ƅŀǧŜƴƛƴƎκōǊǳƛǎƛƴƎ ŀƳƻƴƎ ŎƘƛǇ ŀƴŘ ŦǊȅ ǾŀǊƛŜǝŜǎ ƛǎ ōŜƛƴƎ ŜȄŀƳƛƴŜŘ ƛƴ ŀ ŎƻƴǘǊƻƭƭŜŘ ǾŜƴǝƭŀǝƻƴ ǎǘƻǊŀƎŜ 

ŎƻƳǇŀǊǘƳŜƴǘΦ    

  

tǊƻŎŜŘǳǊŜǎΥ   



млс  

  

tƭŀƴǘ aŀǘŜǊƛŀƭΥ  tƻǘŀǘƻ ǎŀƳǇƭŜǎ ŦƻǊ ǘƘŜ нлнпπнр ǎǘƻǊŀƎŜ ŜǾŀƭǳŀǝƻƴǎ ǿŜǊŜ ǎŀƳǇƭŜŘ ŀŎǊƻǎǎ ǎŜǾŜǊŀƭ 

b5κab ŬŜƭŘ ǘǊƛŀƭǎ ŀƴŘ ƎǊƻǿŜǊ ǇǊƻŘǳŎǝƻƴ ŬŜƭŘǎΦ  IƻƻǇƭŜ CŀǊƳŜǊΩǎ /ƻƻǇ ǇǊƻǾƛŘŜŘ CƻƴǘŀƴŜ ǘǳōŜǊ 

ǎŀƳǇƭŜǎΣ ŀŘǾŀƴŎŜŘ ǇǳōƭƛŎ ǇǊƻŎŜǎǎƛƴƎ ŎƭƻƴŜǎ ǿŜǊŜ ǇǊƻǾƛŘŜŘ ōȅ ¦ƴƛǾŜǊǎƛǘȅ ƻǊ ¦{5!π!w{  ǊŜǎŜŀǊŎƘŜǊǎΣ ŀƴŘ 

ǎŜǾŜǊŀƭ ŎƘƛǇ ŎƭƻƴŜǎ ǿŜǊŜ ǎŀƳǇƭŜŘ ŦǊƻƳ ŀ tƻǘŀǘƻŜǎ ¦{! ǎǇƻƴǎƻǊŜŘ {b!/ ŎƘƛǇ ǘǊƛŀƭΦ   

tǊƻŎŜǎǎƛƴƎ ǉǳŀƭƛǘȅ ƛƴ ǎǘƻǊŀƎŜΥ  !ƊŜǊ ǎǳōŜǊƛȊŀǝƻƴ ŦƻǊ ǘǿƻ ǿŜŜƪǎ ŀǘ ррϲCΣ фр҈ wIΣ ǇǊƻŎŜǎǎƛƴƎ ŎƭƻƴŜǎ ǿŜǊŜ 

ǎǘƻǊŜŘ ŀǘ пуΣ прΣ ŀƴŘ пнϲCΦ {ǳŎǊƻǎŜ ǊŀǝƴƎ ŀƴŘ ǘǳōŜǊ ƎƭǳŎƻǎŜ ŎƻƴŎŜƴǘǊŀǝƻƴǎ ǿŜǊŜ  ŘŜǘŜǊƳƛƴŜŘ ǿƛǘƘ ŀ ¸{L 

нфлл ōƛƻŎƘŜƳƛŎŀƭ ŀƴŀƭȅȊŜǊ ό¸Ŝƭƭƻǿ {ǇǊƛƴƎǎ LƴǎǘǊǳƳŜƴǘǎύΦ {ŀƳǇƭŜǎ ŦƻǊ ǎǳƎŀǊ ŀƴŘ ŦǊȅ ǇƘƻǘƻǾƻƭǘ ҈ 

ǊŜƅŜŎǘŀƴŎŜ ǿŜǊŜ ƻōǘŀƛƴŜŘ ŀƊŜǊ ǎǳōŜǊƛȊŀǝƻƴ ŀƴŘ ŀƊŜǊ оΣ сΣ ŀƴŘ ф ƳƻƴǘƘǎ ŦǊƻƳ ŜŀŎƘ ǊŜǎǇŜŎǝǾŜ ǎǘƻǊŀƎŜ 

ǘŜƳǇŜǊŀǘǳǊŜΦ  !ǘ ŜŀŎƘ ǝƳŜ ǇƻƛƴǘΣ ǎǇŜŎƛŬŎ ƎǊŀǾƛǝŜǎ όǿŜƛƎƘǘ ƛƴ ŀƛǊκǿŜƛƎƘǘ ƛƴ ǿŀǘŜǊύ ŀƴŘ ǎǳŎǊƻǎŜ ǊŀǝƴƎΣ 

҈ƎƭǳŎƻǎŜ ǿŜǊŜ ƳŜŀǎǳǊŜŘΦ tƻǘŀǘƻ Ǉƭŀƴƪǎ όтκуΩΩ² Ȅ рκмсΩΩ5ύ ǿŜǊŜ ǇǊŜǇŀǊŜŘ ǿƛǘƘ ŀ ǇƴŜǳƳŀǝŎ ƪƴƛŦŜ ŀƴŘ 

ŦǊƛŜŘ ƛƴ ŀ ōŀǘŎƘ ŦǊȅŜǊ ŀǘ отрϲC ŦƻǊ оΦр ƳƛƴǳǘŜǎΦ LƳƳŜŘƛŀǘŜƭȅ ŀƊŜǊ ŦǊȅƛƴƎΣ ǇƘƻǘƻǾƻƭǘ ҈ ǊŜƅŜŎǘŀƴŎŜ ǿŀǎ 

ǉǳŀƴǝŬŜŘΤ ǇƘƻǘƻǾƻƭǘ ǊŜƅŜŎǘŀƴŎŜ ŎƻǊǊŜǎǇƻƴŘǎ ǘƻ ǘƘŜ ¦{5! ŎƻƭƻǊ ǎŎŀƭŜ ό¦{5! м Ҕ пп҈Τ ¦{5! н Ґ ор ǘƻ 

пп҈Σ ¦{5! о Ґ нс ǘƻ ор҈Τ ¦{5! п ғ нс ҈ύΦ  

.ƭŀŎƪ {Ǉƻǘ .ǊǳƛǎŜ 9Ǿŀƭǳŀǝƻƴ πƻǳǘ ƻŦ ŬŜƭŘΥ  

¢ǳōŜǊ ǎŀƳǇƭŜǎ ŦǊƻƳ мн ŎƘƛǇ ŬŜƭŘǎ ǿŜǊŜ ŎƻƭƭŜŎǘŜŘ ƛƴ нлнп ŎƻƴǘŀƛƴƛƴƎ ŀƴ Ŝǉǳŀƭ ƳƛȄ ƻŦ ŎƻƳƳŜǊŎƛŀƭ ǾŀǊƛŜǝŜǎ 

ŀƴŘ ǇǳōƭƛŎ ōǊŜŜŘƛƴƎ ǇǊƻƎǊŀƳ ƴǳƳōŜǊŜŘ ƭƛƴŜǎΦ .ƭŀŎƪ ǎǇƻǘ ōǊǳƛǎŜ ŜǾŀƭǳŀǝƻƴ ǇǊƻŎŜŘǳǊŜǎ ǿŜǊŜ ŀŎŎƻǊŘƛƴƎ ǘƻ 

ǇǳōƭƛǎƘŜŘ ǇǊƻŎŜŘǳǊŜǎ ōȅ /Φ [ƻƴƎ όa{¦Σ tƻǘŀǘƻŜǎ ¦{!ύΦ  .ǊƛŜƅȅΣ ŦƻǊ ŜŀŎƘ ǘǊŜŀǘƳŜƴǘ рл ǘǳōŜǊǎ ǿŜǊŜ ƘŀƴŘ 

ƘŀǊǾŜǎǘŜŘΦ hƴŜ ƘŀƭŦ ƻŦ ǘƘŜ ǎŀƳǇƭŜ όнр ǘǳōŜǊǎύ ǿŀǎ ƘŜƭŘ ŀǘ тнϲC ŀƴŘ ǎŜǊǾŜŘ ŀǎ ŀ ŎƘŜŎƪ ŎƻƴǘǊƻƭΦ ¢ƘŜ 

ǊŜƳŀƛƴƛƴƎ нр ǘǳōŜǊ ǎŀƳǇƭŜ ǿŀǎ ƘŜƭŘ ŀǘ рлϲC ŦƻǊ мн ƘƻǳǊǎ ŀƴŘ ǘƘŜƴ ǇƭŀŎŜŘ ƛƴ ŀ ǊƻǘŀǝƴƎ оπōŀƉŜ ŘǊǳƳ ŦƻǊ 

м ƳƛƴǳǘŜ ǘƻ ǎƛƳǳƭŀǘŜ ƘŀƴŘƭƛƴƎ ƛƳǇŀŎǘ ŦƻǊŎŜǎ ŎƻƴŘǳŎƛǾŜ ǘƻ ōǊǳƛǎƛƴƎΦ ¢ƘŜ ŎƘŜŎƪ ŀƴŘ ΨƘŀƴŘƭŜŘΩ ǎŀƳǇƭŜǎ 

ǿŜǊŜ ƘŜƭŘ ŦƻǊ мл Řŀȅǎ ŀǘ тнϲC ōŜŦƻǊŜ ōǊǳƛǎŜ Řŀǘŀ ǿŀǎ ŎƻƭƭŜŎǘŜŘ ŀƊŜǊ ǎǘŜŀƳ ǇŜŜƭƛƴƎΦ ¢ƘŜ ǇŜǊŎŜƴǘ ōǊǳƛǎŜ 

ŦǊŜŜ ǘǳōŜǊǎ ŀƴŘ ŀǾŜǊŀƎŜ ōǊǳƛǎŜǎ ǇŜǊ ǘǳōŜǊ Řŀǘŀ ǿŜǊŜ ŎŀƭŎǳƭŀǘŜŘΦ  

{ǘƻǊŀƎŜ tǊŜǎǎǳǊŜ .ǊǳƛǎƛƴƎΥ   

.ǊǳƛǎƛƴƎ Řŀǘŀ ǿŀǎ ŎƻƭƭŜŎǘŜŘ ŦǊƻƳ с ŎƘƛǇ ŎƭƻƴŜǎ ƛƴŎƭǳŘŜŘ ƛƴ ŀ tƻǘŀǘƻŜǎ ¦{! bŀǝƻƴŀƭ /ƘƛǇ ǇǊƻŎŜǎǎƛƴƎ ǘǊƛŀƭ 

ƎǊƻǿƴ ǳƴŘŜǊ ŘǊȅƭŀƴŘ ŎƻƴŘƛǝƻƴǎ ƛƴ IƻƻǇƭŜΣ b5 όнлно ŎǊƻǇύΦ  ¢ƻ ǘŜǎǘ ƛƳǇŀŎǘ ƻŦ ǎƛƳǳƭŀǘŜŘ ǇƛƭŜ ƘŜƛƎƘǘ ƻƴ 

ǿŀǘŜǊ ƭƻǎǎκōǊǳƛǎŜ ǎŜǾŜǊƛǘȅΣ ǘǳōŜǊ ǎŀƳǇƭŜǎ ǿŜǊŜ ŀƭǎƻ ŎƻƭƭŜŎǘŜŘ ŦǊƻƳ ǘƘǊŜŜ ƎǊƻǿŜǊ ŬŜƭŘǎΦ  ²ƛǘƘƛƴ пу Ƙ ŀƊŜǊ 

ƘŀǊǾŜǎǘΣ ǘǳōŜǊǎ όу πмл ǘǳōŜǊǎκ ǾŀǊƛŜǘȅ ǘǊŜŀǘƳŜƴǘύ ǿŜǊŜ ǇƭŀŎŜŘ ƛƴǘƻ ƳŜǎƘ ōŀƎǎ ŀƴŘ ƛƴƛǝŀƭ ǎŀƳǇƭŜ ǿŜƛƎƘǘǎ 

ǊŜŎƻǊŘŜŘΦ ¢ǊŜŀǘƳŜƴǘ ōŀƎǎ ǿŜǊŜ ǇƭŀŎŜŘ ƛƴǘƻ млллІ ǘƻǘŜǎ όaŀŎǊƻǇƭŀǎǝŎ онπ{ tǊƻπōƛƴΤ ŜȄǘŜǊƴŀƭ ŘƛƳŜƴǎƛƻƴ 

пуΩΩƭ Ȅ ппΩΩǿ Ȅ олΩΩƘύΦ  ¢ƻǘŜǎ ǿŜǊŜ ƭŀȅŜǊŜŘ ōȅ ǊŜǇƭƛŎŀǘŜ όпπс ǊŜǇƭƛŎŀǘŜǎύΣ ŀƴŘ ǘƘŜ ǎƛŘŜ ŀƴŘ ǘƻǇ ǿŜǊŜ ŬƭƭŜŘ 

ǿƛǘƘ ŀŘŘƛǝƻƴŀƭ ōǳƭƪ ǇƻǘŀǘƻŜǎ ŀƊŜǊ ǇƭŀŎŜƳŜƴǘ ƻŦ ǘǊŜŀǘƳŜƴǘ ōŀƎǎΦ  ! ǇǊŜǎǎǳǊŜ ǇƭŀǘŜ ŦŀōǊƛŎŀǘŜŘ ŦǊƻƳ ѹΩΩ 

ǘƘƛŎƪ ¦Ia² ŜǉǳƛǇǇŜŘ ǿƛǘƘ ŀ мн ѹ ǘƻƴ ōƻǧƭŜ ƧŀŎƪ ǿκ ƎŀǳƎŜ ǇƻǊǘ όbƻǊŎƻ ƳƻŘŜƭ Ітспмн.Dύ ǿŀǎ ǇƭŀŎŜŘ 

ƻƴ ǘƘŜ ǇƻǘŀǘƻŜǎ ǿƛǘƘƛƴ ǘƘŜ ǘƻǘŜΦ  .ƻǧƭŜ ƧŀŎƪ ƎŀǳƎŜ ǇǊŜǎǎǳǊŜ ǿŀǎ ŀŘƧǳǎǘŜŘ ǘƻ ǎƛƳǳƭŀǘŜ ǇǊŜǎǎǳǊŜ ŜȄŜǊǘŜŘ 

ǿƛǘƘƛƴ ŀƴ муΩ ǇƛƭŜ όнΦм ƭōκƛƴнύΦ  ¢ƘŜ ŘŜǎƛǊŜŘ ƎŀǳƎŜ ǇǊŜǎǎǳǊŜ ƛǎ ŀŎƘƛŜǾŜŘ ōȅ ŘƛǊŜŎǝƴƎ ǘƘŜ ǊŀƳ ƛƴǘƻ ǘƘŜ 

ǎƘŜƭǾƛƴƎ ǎǳǇǇƻǊǘ ǎǘǊǳŎǘǳǊŜΤ ǇǊŜǎǎǳǊŜ ƛǎ ƳƻƴƛǘƻǊŜŘ ŀƴŘ ŀŘƧǳǎǘŜŘ ŀǎ ƴŜŜŘŜŘ όŘŀƛƭȅ ŀŘƧǳǎǘƳŜƴǘ ƛǎ ǊŜǉǳƛǊŜŘ 

ŘǳǊƛƴƎ ƛƴƛǝŀƭ ǎǘƻǊŀƎŜύΦ  {ŀƳǇƭŜǎ ǿŜǊŜ ǎǳōŜǊƛȊŜŘ ŦƻǊ н ǿŜŜƪǎ ŀǘ ррϲCΣ фр҈ wIΦ  CƻƭƭƻǿƛƴƎ ǎǳōŜǊƛȊŀǝƻƴΣ ǘƘŜ 

ǘŜƳǇŜǊŀǘǳǊŜ ǿŀǎ ƭƻǿŜǊŜŘ ǘƻ псϲC ŀǘ ŀ ŎƻƻƭƛƴƎ ǊŀǘŜ ƻŦ όлΦпϲCκŘŀȅύΦ  ¢ŜƳǇŜǊŀǘǳǊŜ ŀƴŘ ƘǳƳƛŘƛǘȅ ǿŀǎ 

ŎƻƴǘǊƻƭƭŜŘ ŀƴŘ ƳƻƴƛǘƻǊŜŘ ǿƛǘƘ ŀ ¢ŜŎƘƳŀǊƪ LƴŎΦ трр /ƻƴǘǊƻƭƭŜǊ ŀƴŘ {ǘƻǊ¢ǊŀŎϰ ǎƻƊǿŀǊŜΦ ¢ƻ ǘŜǎǘ ǘƘŜ 

ƛƳǇŀŎǘ ƻŦ ǎƛƳǳƭŀǘŜŘ ǇƛƭŜ ƘŜƛƎƘǘ ƻƴ ōǊǳƛǎƛƴƎΣ мκн ƻŦ ǘƘŜ ōƻǧƭŜ ƧŀŎƪ ǇǊŜǎǎǳǊŜ όмΦм ƭōκƛƴнύ ǿŀǎ ŀǇǇƭƛŜŘ ǘƻ 

ƻƴŜ ǘǊŜŀǘƳŜƴǘ ǘƻǘŜ ŦǊƻƳ ǘƘŜ ǘƘǊŜŜ ŎƻƳƳŜǊŎƛŀƭ ƎǊƻǿŜǊ ŬŜƭŘǎΦ  !ƊŜǊ с ƳƻƴǘƘǎ ǎǘƻǊŀƎŜ όaŀǊŎƘ нлнпύ ǘƘŜ 

ǘƻǘŜǎ ǿŜǊŜ ǊŜƳƻǾŜŘΣ ŀƴŘ ǎŀƳǇƭŜ ōŀƎ ǿŜƛƎƘǘǎ ǊŜŎƻǊŘŜŘ ǘƻ ŘŜǘŜǊƳƛƴŜ ǿŀǘŜǊ ƭƻǎǎΦ  ¢ƘŜ ǘƻǘŀƭ ƴǳƳōŜǊ ƻŦ 

ƅŀǧŜƴŜŘ ŘŜǇǊŜǎǎƛƻƴǎ ǇŜǊ ǘǳōŜǊ ŀƴŘ ǘƻǘŀƭ ōǊǳƛǎŜŘ ŀǊŜŀ ǿŀǎ ƳŜŀǎǳǊŜŘ ǿƛǘƘ ŀ ŘƛƎƛǘŀƭ ŎŀƭƛǇŜǊΦ     

  



млт  

  

wŜǎǳƭǘǎΥ  

tǊƻŎŜǎǎƛƴƎ vǳŀƭƛǘȅ ƻŦ ¸Ŝƭƭƻǿ CƭŜǎƘ ±ŀǊƛŜǝŜǎΥ CƻƴǘŀƴŜΣ 

bƻǊǘƘ 5ŀƪƻǘŀ [ƻŎŀǝƻƴ   
tǊƻŎŜǎǎƛƴƎ ǉǳŀƭƛǘȅ ƻŦ CƻƴǘŀƴŜ ǇǊƻŘǳŎŜŘ ƛƴ b5 όнлно ŎǊƻǇ ȅŜŀǊύ ƛǎ ǊŜǇƻǊǘŜŘΦ CǊȅ ǉǳŀƭƛǘȅ ǿŀǎ ŜȄŎŜƭƭŜƴǘ 

ŦǊƻƳ ǇƻǘŀǘƻŜǎ ǎǘƻǊŜŘ ŀǘ ŜƛǘƘŜǊ пуϲC ƻǊ прϲC ǘƘǊƻǳƎƘ ƴŜŀǊƭȅ мн ƳƻƴǘƘǎ ƻŦ ǎǘƻǊŀƎŜ όCƛƎǳǊŜ мύΦ   {ǘƻǊŀƎŜ 

ŀƴŀƭȅǎƛǎ ƻŦ ǎŜƭŜŎǘ ȅŜƭƭƻǿ ƅŜǎƘ ǾŀǊƛŜǝŜǎ ŦǊƻƳ ǘƘŜ нлнп ŎǊƻǇ ȅŜŀǊ ƛǎ ƻƴƎƻƛƴƎΦ      

  
  

CƛƎǳǊŜ мΦ   CǊȅ ǇǊƻŎŜǎǎƛƴƎ ƻŦ CƻƴǘŀƴŜ ǎǘƻǊŜŘ пу ƻǊ прϲC όнлно /ǊƻǇύΦ {ŀƳǇƭŜǎ ǿŜǊŜ ŦǊƛŜŘ ŦƻǊ оΦр ƳƛƴǳǘŜǎ 

ŀǘ отрϲC ŀƴŘ ǇƘƻǘƻǾƻƭǘ ҈ ǊŜƅŜŎǘŀƴŎŜ ƻŦ ōǳŘ ό.ύ ŀƴŘ ǎǘŜƳ ό{ύ ƛǎ ǊŜǇƻǊǘŜŘΦ    

!ŎŎƻǊŘƛƴƎ ǘƻ tƘƻǘƻǾƻƭǘ ƳŀƴǳŦŀŎǘǳǊŜǊΣ ҈ ǊŜƅŜŎǘŀƴŎŜ ŎƻǊǊŜǎǇƻƴŘǎ ǘƻ ¦{5! aǳƴǎŜƭƭ /ƻƭƻǊ /ƘŀǊǘ ǿƘŜǊŜΥ 

¦{5! м Ҕ ҈ппΤ ¦{5!πн Ґ орπпп҈Σ ¦{5!πо Ґ нсπор҈Σ ŀƴŘ ¦{5! п ғ нс҈ ǊŜƅŜŎǘŀƴŎŜΦ  

  

tǊƻŎŜǎǎƛƴƎ ǉǳŀƭƛǘȅ ƻŦ ŀŘǾŀƴŎŜŘ ǇǳōƭƛŎ ǇǊƻŎŜǎǎƛƴƎ ŎƭƻƴŜǎ  
¢ƘŜ ǊŜǎǳƭǘǎ ǎǳƳƳŀǊƛȊƛƴƎ ǘƘŜ нлноπнп ǎǘƻǊŀƎŜ ŎŀƳǇŀƛƎƴ ǿŜǊŜ ǇǳōƭƛǎƘŜŘ ƛƴ ǘƘŜ bƻǊǘƘƭŀƴŘ tƻǘŀǘƻ DǊƻǿŜǊ 

aŀƎŀȊƛƴŜ όhŎǘƻōŜǊ нлнп ƛǎǎǳŜΣ Ǉ мсπмфύΦ  CƻǊ ǘƘŜ нлнп ŎǊƻǇ ȅŜŀǊΣ ǎǳƎŀǊ Řŀǘŀ ŦǊƻƳ ǎŜƭŜŎǘ b5{¦ ŀƴŘ ¦ab 

ŀŘǾŀƴŎŜŘ ǇǊƻŎŜǎǎƛƴƎ ŎƭƻƴŜǎ ƛǎ ǊŜǇƻǊǘŜŘ ƛƴ ¢ŀōƭŜǎ όмΣ нύ ŀƴŘ CƛƎǳǊŜ όнύΦ    

  

¢ŀōƭŜ мΦ  {ǳƎŀǊ ŀƴŘ ŎƘƛǇ ǉǳŀƭƛǘȅ Řŀǘŀ ŦǊƻƳ b5{¦ ŀƴŘ ¦ab /ƘƛǇ /ƭƻƴŜǎ ό5ŜŎŜƳōŜǊ нлнпύΥ  



млу  

  

  

¢ŀōƭŜ нΦ {ǳƎŀǊ ŀƴŘ ŦǊȅ ǊŜƅŜŎǘŀƴŎŜ Řŀǘŀ ŦǊƻƳ b5{¦ ŀƴŘ ¦ab wǳǎǎŜǘ /ƭƻƴŜǎ ό5ŜŎŜƳōŜǊ нлнпύΥ  

 

CƛƎǳǊŜ нΦ   CǊȅ ŎƻƭƻǊ ŦǊƻƳ {ŜƭŜŎǘ b5{¦ ŀƴŘ ¦ab ǊǳǎǎŜǘ ŎƭƻƴŜǎ όнлнп /ǊƻǇύ  

¢ǳōŜǊǎ ǿŜǊŜ ƎǊƻǿƴ ǳƴŘŜǊ ƛǊǊƛƎŀǝƻƴ ŀǘ [ŀǊƛƳƻǊŜΣ b5 ŀƴŘ ǇǊƻŎŜǎǎƛƴƎ ǉǳŀƭƛǘȅ ƻŦ !ŘǾŀƴŎŜŘ ¦ab 

όabму²мтлтсπллмύ ŀƴŘ b5{¦ όb5мпмн¸πрwǳǎǎύ ǊǳǎǎŜǘ ŎƭƻƴŜǎ ƛǎ ƘƛƎƘƭƛƎƘǘŜŘ ƛƴ ŎƻƳǇŀǊƛǎƻƴ ǿƛǘƘ ŎƘŜŎƪ 

ŎǳƭǝǾŀǊǎΦ tƭŀƴƪǎ ǿŜǊŜ ŦǊƛŜŘ ŦƻǊ оΦр ƳƛƴǳǘŜǎ ŀǘ отрϲC ŀƴŘ ǇƘƻǘƻǾƻƭǘ ҈ ǊŜƅŜŎǘŀƴŎŜ ƻŦ ōǳŘ ό.ύ ŀƴŘ ǎǘŜƳ ό{ύ 

ƛǎ ǊŜǇƻǊǘŜŘΦ  !ŎŎƻǊŘƛƴƎ ǘƻ tƘƻǘƻǾƻƭǘ ƳŀƴǳŦŀŎǘǳǊŜǊΣ ҈ ǊŜƅŜŎǘŀƴŎŜ ŎƻǊǊŜǎǇƻƴŘǎ ǘƻ ¦{5! aǳƴǎŜƭƭ /ƻƭƻǊ 

/ƘŀǊǘ ǿƘŜǊŜΥ ¦{5! м Ҕ ҈ппΤ ¦{5!πн Ґ орπпп҈Σ ¦{5!πо Ґ нсπор҈Σ ŀƴŘ ¦{5! п ғ нс҈ ǊŜƅŜŎǘŀƴŎŜΦ  

/ƘƛǇǎ ŦǊƻƳ abнл²мфлнтπлтп ŀƴŘ b5мнпмπм¸ ƘŀŘ ǘƘŜ ƭƛƎƘǘŜǎǘ ŎƻƭƻǊ ǿƛǘƘ ōƻǘƘ ƘŀǾƛƴƎ IǳƴǘŜǊ [ ǾŀƭǳŜǎ 

ƻŦ слΦтΦ  IǳƴǘŜǊ [ ǾŀƭǳŜǎ ŦƻǊ ǘƘŜ ŎƻƳƳŜǊŎƛŀƭ ŎƘƛǇ ŎƘŜŎƪǎ ŘƛŘ ƴƻǘ ŜȄŎŜŜŘ ртΦу ό¢ŀōƭŜ мύΦ {ƛƳƛƭŀǊƭȅΣ ǘǿƻ 


