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Crop uptake and removal

What do we use this information 

for?

Does it need to be updated?

Does it change from area to area?

Can nutrient concentration be 

diagnostic of under fertilized crops?
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Manure management planning (and regulation of 

rates)

https://www.gov.mb.ca/agriculture/environment/nutrient-

management/marc.html#Whats_in_MARC_2008_



Often it is simple mathematics

https://www.ag.ndsu.edu/publications/crops/effectiveness-of-using-low-rates-

of-plant-nutrients

Effectiveness of novel products



Simple spreadsheet to show impact of fertilization strategies over the rotation.

https://www.gov.mb.ca/agriculture/crops/soil-fertility/phosphorus-balance-

calculator-for-a-rotation.html

Considering soil depletion, maintenance or building



2020 National Survey: Fertilizer 

Recommendation 

Philosophy for P and K

D. Osmond, 2020

Canadian images by John



Sufficiency versus Building/Maintenance
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Sufficiency 

• Apply only what is sufficient to meet 

crop demands

• Inputs match outputs

• Soil nutrient levels remain in a 

responsive range

Building/maintenance

• Apply more than what is needed for 

the immediate crop

• Build the nutrient reserve 

• Soil nutrient levels remain in a 

medium to high range



(Target STP – Current STP) X BC + CR

Years to Build
• Example 2 for 60 bu/ac wheat, current STP = 5 ppm and  

5 years to build:

• Target STP (15 ppm)

• Crop removal (CR) = yield x P concentration 

• Typical P buffering capacity (BC) by soil characteristics 

(assuming 25 lb P2O5 /ac to increase 1 ppm STP)

(15-5) x 25 + 34 = (250) +34 = 84 lb P2O5 /ac

5 5



1992                      2001 – based on 
same data +/- 10%                       



Western Canada

Where did data come from?

Research plots?

Older varieties?

Open pollinated canola.

Production has changed:

• Less tillage

• More pesticide use (fungicide)

• Earlier seeding



IPNI Website



https://www.cropnutrition.com/nutrient-management/nutrient-

removal?gclid=CjwKCAjwqcKFBhAhEiwAfEr7zQlkSLtkV0eFtzA6uDy4Sn6i5jbzqhVEcSJ6iLLvqY1KBXJLAYVrJ

BoCJk4QAvD_BwE

* N, P2O5, K2O, and S removal coefficients derived from the IPNI Nutrient Removal Calculator as of Jan. 2018 
(http://www.ipni.net/article/IPNI-3346). Mg removal coefficients derived from Alabama Extension: ANR-449 
(1999), CFI (2001), IPNI (2008), North Carolina: AG-439-16 (1991) and other independent sources.
Nutrient removal values may vary regionally depending on growing conditions. Use locally available data 
whenever possible. Crop nutrient removal and soil test considerations should be made for proper nutrient 
recommendations.



Better Crops/Vol. 97 (2013, No.1)

Newer, high yielding 

hybrids removing less 

nutrients per bu than 

“book values”



Uptake per bu increases with yield for  N,P,K,S

Ciampitti and Vyn, 2014. 

https://ag.purdue.edu/agry/directory/Documents/CM-RS-13-

0022_Final%20Version_4-11-2014.pdf 

But removal 

in grain 

rather 

constant 

across yield

ranges



Lack of association between crop yields and 

nutrient concentration

Illinois. Villamil et al, 2019. https://experts.illinois.edu/en/publications/new-

grain-p-and-k-concentration-values-for-illinois-field-crops



Illinois. Villamil et al, 2019. https://experts.illinois.edu/en/publications/new-

grain-p-and-k-concentration-values-for-illinois-field-crops

Defined range of nutrients



Using results for recommendations

https://farmdoc.illinois.edu/field-crop-production/uncategorized/new-grain-

phosphorus-and-potassium-numbers.html

Illinois and Iowa choose 

to report the 75th

percentile values for 

removals rather than the 

mean (or median).

This was a cautious 

approach to avoid any 

risk of under fertilizing –

but was still considerably 

less than the previous 

book value of 0.43



Ohio studies – a full analysis including  

micronutrients – corn, soybeans, wheat

https://ohioline.osu.edu/factsheet/anr-74

Compared to 20-

30 yrs ago, 

K removal is:

26% less in corn, 

19% less in soys, 

35% less in wheat.



https://ohioline.osu.edu/factsheet/anr-74

Ohio studies – a full analysis including  
micronutrients – corn, soybeans, wheat

Nutrient 

concentrations are 

weakly related to 

yield.

For most, as yields 

increase 

concentrations 

declined slightly 

suggesting higher 

yielding grain contains 

more starch (or lipids) 

relative to nutrient.



Corn Zinc Uptake
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Zn was predominantly in seed of corn so crop removal is more important 

than other micronutrients.

Some translocation of Zn from leaves and stem to seed. Most seed 

accumulation is due to continued root uptake.



Manure impact on nutrient removal
Control Liq-N 

rate

Liq-P 

rate

Solid N

Rate

Solid P 

rate

Canola Lb N/bu 1.54 –

1.71

1.72-

1.80

1.74-

1.76

1.67-

1.68

1.68-

1.71

Lb 

P2O5/bu

0.62-

0.75

0.73-

0.74

0.53-

0.73

0.79-

0.82

0.64-

0.83

Barley Lb N/bu 0.99 1.04 1.08 1.02 1.12

Lb 

P2O5/bu

0.48 0.53 0.47 0.52 0.54

Flaten 2017. https://cdnsciencepub.com/doi/pdf/10.1139/cjps-2017-0160

Manure marginally increased nutrient content of grain, but occasionally P 

content was lower due to a dilution effect brought about by the very high 

yield increase.



Source Grain P removal lb 

P2O5/bu

Grain K removal lb 

K2O/bu

Corn Soybean Wheat Corn Soybean Wheat

IHA 0.43 0.85 0.90 0.28 1.30 0.30

IPNI 0.38 0.84 0.60 0.27 1.30 0.34

MI OLD

NEW

0.37

0.35

0.80 0.63

0.5

0.27

0.20

1.40

1.15

0.37

0.25

IA 0.32 0.72 0.55 0.22 1.20 0.27

IL 0.37 0.75 0.46 0.23 1.15 0.24

OH 0.35 0.79 0.49 0.20 1.14 0.24

MN 0.28
0.25-0.33

0.69
0.62-0.74

0.19
0.18-0.22

1.10
1.04-1.15

MB 0.25
0.19-0.38

0.65
0.49-0.83

0.50
0.37-0.63

0.18
0.16-0.25

1.06 0.23
0.19-0.28



Minnesota – Removal based management 

of P and K, 2020

https://extension.umn.edu/crop-specific-needs/fertilizing-corn-

minnesota#maintenance-based-p-and-k-strategies-2239912



P and K removal in Corn
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P and K Removal in Soybeans
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P and K removal in Wheat
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https://umanitoba.ca/faculties/afs/agronomists_conf/media/Poster_-_Heard_2.pdf

33% P

22% K

33% S



MB Evaluation – 2019 to validate historic numbers 



MB SK AB

Barley 5 45 51 

Canola 37 87 41

Chickpea 0 85 15

Corn 94 0 6

Lentil 0 90 10

Oats 16 56 28

Soybean 90 9 0

Field pea 3 50 47

Flax 5 83 12

Mustard 10 20 10

Spring wheat 17 47 36

Durum wheat 0 98 2

Winter wheat 18 46 36

Dry beans 20 10 10

Western Canada project led by U of SK to analyze 

nutrient uptake and removals of prairie grain.

Current values are based largely on research 

site data, and not from farm fields, and do not 

represent the full geography of western 

Canada, or current crop varieties.

Crop yields continue to trend upwards due to 

changes in management (reduced till) & 

improved genetics.

With the development of new crop varieties with 

enhanced yield potential and different 

genetics, the nutrient uptake demands have 

changed over time. 

Our goal is to develop new estimates for crop 

nutrient uptake and removal based on crops 

grown under typical farm conditions. 



Is seed nutrient concentration useful as a 

diagnostic tool of deficiencies? Rarely.

Nutrient Corn Soys

N% 1.5% 6.14%

P% 0.28% 0.33%

K% 0.36% 1.74%

S% 0.17% -

Mn ppm 5 13

Zn ppm - 23

Common benchmark uses wheat protein to 

indicate N sufficiency for  yield 

HRS = >13.2-13.5% indicates sufficient N for 

full yield (Racz)

HRW = >11.5% (Goos)

Most of the critical or deficient values listed in 

“Plant Analysis: An Interpretation Manual” now 

fall within the normal range of current crops.



Are reductions in nutrient concentration a 

problem?

No – a sign of success!

Full yield expression and 

carbohydrate accumulation.

Despite what you might read 

on the internet.



If you are doing this yourself (AgVise will analyse)

• Correct for moisture

• Analysis is on dry basis, 

grain is at 15.5% moisture 

(for corn)

• Convert P x 2.28 = P2O5,

and K x 1.2 = K2O



Nutrient Removal Values

Will change if we measure:

• Corn  – P and K concentration/bu 26% & 32% less

• Soybeans  = 20% & 15% less

• Wheat = 16% & 30% less

• Canola = 33% & 22% less

• Impact on “maintenance and build calculations”

• Important in maintaining productive fertility levels
– yield increases are still bigger than these reductions in 

concentration

• Manure regulations? (P based rates, 1000 to 1500 ac)



Questions

John.Heard@gov.mb.ca

mailto:John.Heard@gov.mb.ca

