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Outline 
• Introduction 

– Total production 
– Geographic distribution 
– Economics 

• Nutrient removal 
• Nitrogen 
• Phosphorus 
• Potassium 
• Sulfur 
• Other nutrients 



Introduction – Historical US Production 

Strong export demand 

Foreign market expansion 


 

FACTA of 1990 



Introduction – Production Geography 
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100°W – The great American desert 



Introduction - Yield 
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Nutrient Removal by Sunflower 

Courtesy of John Heard, MAFRI  

• Harvest Index = 0.35 
• 0.3 for stalk 
• 0.19 for leaves 
• 0.16 for head 



Nutrient Removal by Sunflower 
Source: HPSPH  



Essential Nutrients: Nitrogen (N) 

• Sunflower is an efficient N user with an aggressive tap root  
• Numerous N rate studies unresponsive 
• Zero N rate often varies widely in most studies 

• Variability kills ANOVA 
• Soil test N generally based on a 2’ soil sample 

y = 0.9589x + 1333.8 
R² = 0.0426 
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Essential Nutrients: Nitrogen (N) 

• Traditionally, N recommendations have been constructed as N 
Rate = Yield Goal (lbs/ac) * Some N coefficient – N credits 

• N coefficient is traditionally 0.05 but varies  
• Soil type is generally not a significant factor 
• Sidedress applications have not been shown economically 

effective 
• General N application rates tend to average around 80 – 100 

lbs N/ac in the northern plains 
• High N rates tend to decrease yields due to potential increased  

lodging and/or disease 
• High N = more protein and less oil content 



Example N recommendation calculation based on Kansas 
State University Recommendations 

Example: 
Yield Goal = 1500 lbs/A 
SOM = 2.5% 
Profile N = 30 lbs N (default) 
Previous crop = wheat 
 
N Rec = (1500 x 0.075) – (2.5 x 20) – 30  
= 33 lb N/A 

N Rec = (Yield Goal x 0.075) – (%SOM x 20) – Profile N – Other N Credits   



Essential Nutrients: Nitrogen (N) 

• More recent work in North and South Dakota suggests 
that yield goals are quadratic and not well predicted by 
a yield goal 

• i.e. yield gradually increases, then hits a plateau, 
then begins to fall off 

• In the Northern Great Plains, this rate was found 
to be around 150 lbs of total N, regardless of yield 
potential 

• A maximum of 150 lbs is recommended to reduce 
lodging losses 

• Response to N was similar between till and no-till 
• No till required less overall N to reach max yield 

• Alternative approach bases N rate on cost of N:return 
on seed 
 
 

Green line = N Rec @ YG x 0.05  



Updated NDSU N Rec 



Example based on Price of Seed:Cost of N 

Seed Price ($/lb) = 0.15 
 
N Cost ($/lb) = 0.40 
 
Yield =  
-0.0072X2 + 3.85X + 1418.6 
 
Return = Yield x 0.15 
 
Net = Return – Total N x 0.40 
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Current Sunflower N Fertility Recommendations 
(State Labs, 2016) 

 
State 

Standard Soil 
Sampling Depth for 

Soil Test (in.) 

Current Base N Factor 
(lbs. N per lb. of yield) 

 
N Credits from other Soil Parameters? 

ND 24” (48”†) None STN‡, previous crop 

SD 24” (48”†) 0.05 STN, previous crop 

MN 24” 0.05 STN, legumes 

Neb ? ? STN, OM 

KS 24” 0.075 STN, Legume/fallow, previous manure, 
OM, soil texture 

CO ? 0.065 STN, ? 

TX 6” (24”†) 0.05 None/STN 

Calif ? ? 

†Soil sampling to lower depth as practical; ‡STN—Soil test nitrate-N. 



Essential Nutrients: Phosphorus (P) 

• Total P uptake is roughly 15 
lbs (P2O5)/1000 lbs (6.6 lbs 
P/A) 

• 12 lbs P2O5/A in grain (5.3 
lbs P/A ) 

• 3 lbs P2O5/A in stover (1.3 
lbs P/A 

• Most P is translocated  to 
grain from vegetative tissue 

Source: HPSPH  



Essential Nutrients: Phosphorus (P) 

SDSU Rec: 
• Bray-1 = (0.0225 – 0.0011 x STP) x YG 
• Olsen P = (0.0225 – 0.0014 x STP) x YG 

Kansas Rec: 
• P Rec = [42 + (YG x 0.01) + Bray-P x -2.1) +(YG x Bray P x -0.0005)] 

Source: HPSPH  



Essential Nutrients: Phosphorus (P) 

• However, sunflower has been largely 
unresponsive to P in Northern Plains 
 

• 40 site-years in western Nebraska 
found no effect from P rates 
 

• 48 site-years in North and South 
Dakota found only 3 responses to P  

• Only one was economical (3 ppm) 
 

• NDSU recommendation is no P 
application necessary 

Olsen-P 10ppm 
P Rate = 60 lbs 



Essential Nutrients: Potassium (K) 

• Total K uptake is 
roughly 30 lbs/A (36 
lbs K2O)/1000 lbs 
 

• Most K is in crop 
residue 



Essential Nutrients: Potassium (K) 

• Little research has been conducted on sunflower uptake of K 
in northern plains 

• NDSU recommends a flat 100 lbs K/A for STK below 150 ppm 

SDSU K Rec = (0.041 – 0.00027 x STK) x YG 

KSU Recs: HPSPH Recs: SDSU Recs: 



Essential Nutrients: Sulfur (S) 

• Total S uptake is roughly 6 
lbs/A/1000 lbs 

• Majority is in the residue 
• Not a lot of guidance from 

university recommendations 
• Likely due to a historical lack 

of response 

KSU recommendation 



Essential Nutrients: Other/Micronutrients 

• Lack of response to micronutrient 
studies 

• Likely due to deep taproot 
• Sunflower may be most 

susceptible to boron deficiency 
• NDSU research saw no 

response to soil levels as low 
as 0.2   

• Generally micronutrient 
application is not recommended 
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Questions? Comments? 



Sunflower’s aggressive 
root system 

Source: HPSP  

Depth and 
amount of 
soil water 
extraction 

Time course of median and 
maximum depth of root growth          

(Merrill et al., 2002) 

Median - 

Maximum - 

Sunflower S. Wheat Soybean 
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