
Re q uire m e nt s  a nd  Tim ing  fo r Hig he r 
Po ta to  Yie ld s

Potassium Requirements and 
Timing for Potassium:

Presenter
Presentation Notes
Intro:  In potatoes since 1988.Here to present some very critical information – K is overlooked and complex, dependent on soil typenutrients needed much faster than you think, and more



Did you know…

Du rin g  Co lo n ia l t im e s , p e o p le  
b u rn e d  w o o d  a n d  o t h e r  o rg a n ic  
m a t t e r  in  p o t s  t o  m a n u fa c t u re  
s o a p . Th e  a s h e s  w e re  r in s e d  a n d  
t h e  w a t e r  w a s  a llo w e d  t o  
e va p o ra t e , le a vin g  a  re s id u e  o f 
p o t a s s iu m  s a lt s . P e o p le  c a lle d  t h e  
re s id u e  “p o t  a s h e s ” o r  p o t a s h . 

Presenter
Presentation Notes
History of a common word “Potash”Potassium is actually Kalium – NPK, not NPP



Did you know?

“Po ta ss ium  is  a  un iva le n t  ca t io n  
w ith  a  hyd ra te d  io n ic  ra d ius  o f 

0 .331 na no m e te rs  a nd  a  hyd ra t io n  
e ne rg y o f 314  J o u le s   m o l-1” **

**Fro m : Ma rschne r’s Mine ra l Nut rit io n  o f Hig he r P la n t s , 3 rd Ed , Pe t ra  Ma rschne r, 
20 12

Presenter
Presentation Notes
Did you know… there’s a LOT of information in this world – some is just kinda nonsense and impractical…Some however is SO critical!  What percentage of your budget in fertilizers, amendments and nutrients?Buy this book for your FARM – best there is!



Potassium - Photosynthesis

By Mike Jones - Own work, CC BY-
SA 3.0

LOW K = less daytime 
photorespiration
LOW K = more nighttime 
photorespiration

Presenter
Presentation Notes
Story of basic potato farming is converting suns energy into sugar – solar collector etcPotato Farming = Sun – photosynthesis – makes sucrose from H2O and CO2 – the sugar is loaded and moved to the tuber – that’s your job! potassium regulates the opening and closing of stomata, and therefore regulates CO2 uptake.K deficiency increases stomatal resistance to CO2 – K regulates pH so the enzyme RuBisCO functions at optimum rateLow K = less daytime photorespiration and MORE nighttime photorespirationLess oxidase production when you need it and to much sugar demand when you don’t need it (night)RiBisCO by By Mike Jones - Own work, CC BY-SA 3.0, https://commons.wikimedia.org/w/index.php?curid=9504547



Potassium – Traffic Flow
• LOW  K = LESS n ig h t t im e  

s te m  exp a ns io n  + MORE 
d ayt im e  s te m  shrinka g e !

• LOW  K = sug a rs  
a ccum ula te  a nd  g row th  
s lows.

• LOW  K, exce ss  le a f sug a r 
= le ss  ‘s ink’ d e m a nd  in  
new  le ave s  a nd  tub e rs

Presenter
Presentation Notes
6.6.7. in marshnerStart with – how many ‘perfect days’ in a growing season?  From tuber initiation to harvest is (40-60 days?)Phloem/Xylem Transport  - K regulates the pH in the sieve tubes – for loading sucrose and K is a factor in osmosis and effects the transport rate of photosynthates from source to sink…  Low potassium causes a change in partitioning, leaves accumulate sugars and lower demand by storage organs – Tubers!This leads to daytime increase of sugars in leaves and increase in soluble N compounds – both ‘disease food’Adequate K allows for better root health, due to adequate energy supply – roots die, potato plant dies…See email of how it effects sap flowThe crop was in the vegetative growth stage until 35 DAP, as the first evidence of tuber initiation was observed at 41 DAP (Figure 1A). Primary tuber initiation appeared to continue through the next two weeks (Figure 1B). It is important to define primary tuber initiation as the period when the majority of tubers that will reach marketable size at harvest are formed. Tubers will continue to be initiated after this period, but most of these will be under-sized at harvest. Tuber bulking appeared to begin 54 DAP (Figure 1C), as tubers previously initiated increased in size and the number of new tubers formed decreased compared to the two previous weeks. Tuber bulking continued through the next 5 to 6 weeks (Figures 1D and E) as fewer newly formed tubers appeared each week. The field was harvested at 97 DAP97-41=56 days/nights.. MaxLow K, lose moisture… Stomta doesn’t fully close and plants wilt.



Potassium – Enzymes

• Ma ny e nzym e s  a re  e it he r co m p le te ly d e p e nd e nt  o n  K o r 
a re  s t im ula te d  in  t he  p re se nce  o f K.

• Sta rch  Synthe t a se  is  o ne  im p o rt a n t  g ro up  o f e nzym e s  
tha t  re g u la te d  the  co nve rs io n  o f sug a rs  to  s t a rch ;

“The  a c t ivit ie s  o f s t a rch  syn tha se , p ho sp ho ryla se  a nd  
ADPg luco se p yro p ho sp ho ryla se we re  inc re a se d  

2–2 .5  fo ld  b y the  p re se nce  o f 10 0  m M K+.” **
**Sta rch  Syn the s is  in  Deve lo p ing  Po ta to  Tub e rs , J . Haw ke r, Et  a l., in  Phys io lo g ia Pla n ta rum , 1979

Presenter
Presentation Notes
Explain how it helps form starchThat’s what you get paid for – solidsThis enzyme catalyses conversion of glucose (turns brown with heat) to Starch…The activities of enzymes involved in starch metabolism were measured at intervals during tuberization and the early stages of tuber growth in Solanum tubersum grown in water culture under controlled environmental conditions. Starch synthase, ADPglucose pyrophosphorylase, UDPglucose pyrophosphorylase and phosphorylase activities all increased during tuber development, the most pronounced increases occurring in the activities of ADP‐glucose pyrophosphorylase and phosphorylase. The activity ratio ADPglucose pyrophosphorylase/phosphorylase was lowest in slow growing tubers and hightest in fast growing tubers. In addition, high sugar concentrations in fast growing tubers and low sugar concentrations in slow growing tubers suggested that enzyme levels might be influenced by sugar concentration. The activities of starch synthase, phosphorylase and ADPglucose pyrophosphorylase were increased 2–2.5 fold by the presence of 100 mM K+. It is concluded that the major enzyme changes occur as a consequence of tuber initiation and that starch accumulation is controlled, at least in part, by the activities of ADPglucose pyrophosphorylase and phosphorylase.



Potassium & 
Nitrogen are 
‘partners’
Nit ro g e n g rows the  p la n t… 
P o t a s s iu m he lp s  co nve rt  
s im p le  a m ino  a c id s  & sug a rs  
to  co m p lex

Ca n  im p a c t  d ise a se  & inse c t  
p re ssure

Presenter
Presentation Notes
Basic Disease…  N vs K; challenge is you ‘see’ N-Deficiency Much QuickerNitrogen Analysis (soil & petiole) is more accurate and relevant…High N (needed for optimum yield) INCREASES disease pressure, K is very important in DECREASING disease “food” Protein and starch synthesis in plants require potassium as well. Potassium is essential at almost every step of the protein synthesis. In starch synthesis, the enzyme responsible for the process is activated by potassium. Activation of enzymes – potassium has an important role in the activation of many growth related enzymes in plants.



How much K is in a 500-bag crop?

Vines Tubers Total %

N 140 210 350 37.3%

P 10 29 39 4.2%

K 275 240 515 54.9%

S 12 22 34 3.6%
Stark, J. C., D. T. Westermann, and B. G. Hopkins. 2004. Nutrient management guidelines for 
Russet Burbank potatoes. Bulletin 840. Moscow, ID: University of Idaho. 



Potassium: starts 
at the soil

 30 ,0 0 0  to  4 5,0 0 0  lb s / a c  K in  
m o st  so ils

 29 ,4 0 0  t o  4 4 ,0 0 0  Ro c k -
Un a va ila b le

 30 0  – 4 ,50 0  ca n  b e  No n-
Excha ng e a b le

Presenter
Presentation Notes
There is a lot of potassium in the soil… 15 to 25 TONS/acre, but its mostly ROCK - 29,000 to 44,000 lbsOf the remaining pounds 300-4,500 is non-exchangeable300-900 can be exchangeableONLY 30-90 lbs/acre is soluble!!



300 to 900 lbs/ac 
can be Exchangeable

30 to 90 lbs/ac 
is Available 

Presenter
Presentation Notes
300-900 can be exchangeableA soil test would include both ‘solution’ and ‘readily exchangeable’.So if a soil test says “300 ppm” of K, that would mean about 600 lbs/acre, of which 80-90% is ‘exchangeable’ ONLY 30-90 lbs/acre is soluble!!



Potassium: dependent on clay type…

Presenter
Presentation Notes
When you apply potash, do you know your clay type, can have a big effect on fall, spring or in season K applicationsType of Clay:



Potassium: IS 
Leachable

Especially in low pH, low CEC Soils

Presenter
Presentation Notes
If your soil EC is less that o.3, then consider in season applications of K and other salts.  Point has to be that in light soils putting on K all up front doesn’t work!



Development, growth and 
chemical composition of 
the potato crop (Solanum 
tubersosum). Kolbe & 
Beckmann, in Potato 
Research, 1997

When?

Presenter
Presentation Notes
Development, growth and chemical composition of the potato crop (Solanum tubersosum).  Part I - Leaf & Stem, by Kolbe & Beckmann, in Potato Research, Volume 40, 1997, pages 111-129"Development, growth and chemical composition of the potato crop (Solanum tubersosum).  Part II - Tuber & Whole Plant, by Kolbe & Beckmann, in Potato Research, Volume 40, 1997, pages 135-153



Presenter
Presentation Notes
Point out the rapid accumulation of dry matter30-45 DAE = 40,000 lbs/ac, the next 15 days another 40,000 lbs… ONE HALF of total crop!!What happens when plant is putting only leaves, stems even root/ tuber growth?  Its take up nutrient!



31.5%

27.1%

18.7%

Presenter
Presentation Notes
Point out the rapid accumulation of dry matter30-45 DAE = 40,000 lbs/ac, the next 15 days another 40,000 lbs… ONE HALF of total crop!!What happens when plant is putting only leaves, stems even root/ tuber growth?  Its take up nutrient!
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Potassium Uptake Timing

Potassium 5% 26% 79% 91% 100% 98% 94% 92%

15 dae 30 dae 45 dae 60 dae 75 dae 90 dae 105 dae 120 dae



Potassium – Total and Rate

500 bags

•500 units 
potassium

•Peak – 17
units/day

600 bags

•600+ units 
potassium

•Peak – 21
units/day

700 bags

•700+ units 
potassium

•Peak – 25
units/day



300 to 900 lbs/ac 
can be Exchangeable

30 to 90 lbs/ac 
is Available 

Presenter
Presentation Notes
300-900 can be exchangeableONLY 30-90 lbs/acre is soluble!!



Is there a test that is accurate for 
soil K?

30 to 90 
lbs/ac 
Available 

300 to 900 
lbs/ac 

Exchangeable 

Presenter
Presentation Notes
The point here is you need 15-25 lbs/ day for 15-20 days!  EACH DaySo 1-4 days is available, but how much can be taken from ‘Exchangeable’?Is there a soil test that determines the difference between soil solution and exchangeable and ‘degree of exchangeability’?



Thanks; 

Presenter
Presentation Notes
Which plant can actually ‘mine’ K?  Alfalfa?  Corn?  Potato???Potato is VERY low on the K-uptake root size/system – SO?  What does a soil test of the 300-900 lbs compare when roots of corn/potato?A potato might need a little more fertilizer K at the right time.



Potassium - Irrigation

Over Watering…
Up ta ke  o f K is  MOST

ne g a t ive ly e ffe c te d  b y low  so il 
oxyg e n  leve ls , m o re  t ha n  ANY

o the r nu t rie n t !

Presenter
Presentation Notes
Pic of pivot



Potassium & ‘Bloom’

Presenter
Presentation Notes
KEY – Need to get potassium in EARLY, because petiole K tends to decrease after bloom – IT IS NATURAL that plants don’t STORE K after bloom.



Potassium verses Ca & Mg

• Calcium Peaks 1st (45 dae)
• Potassium 2nd (60 dae)
• Magnesium 3rd (75 dae)
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Potassium 5% 26% 79% 91% 100% 98% 94% 92%
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Petiole K

• Potassium is very mobile
• Petiole test is new growth

• What is K level in old growth?
• If K in new growth is low, how long has 

bottom of plant been low?



Presenter
Presentation Notes
Message summary – K plays a role in entire plant lifeSO critical to keep it goingEfficiency



Summary

• Mo re  K – 50 %+

• Mo re  in  sho rte r w ind ow
• Ea rlie r in  se a so n
• Ma ny p o te n t ia l ne g a t ive  e ffe c t s
• Ne e d  b e t te r K te st ing
• Put  fo o t  o n  g a s… d o n’t  le t  up !

• Que st io ns? Em a il p e te r@b io g ro .co m
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