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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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B Manure management planning (and regulation of

rates)

i P205 Removal

Cra Example Target Yield | &ve Removal N | Ave Removal P205 -
2 40 butacre 1.50 b/t 0.539 b/bu

Wheal [Winter 75 bufacre 1.04 |b/bu (051 Ib/bu

Barley (Grain) B0 butacre 0.97 Ib/bu 0.42 b/bu

Dats 100 b/ acre 062 Ib/bu 10.26 Ib/bu

Rye 55 bu/ace 1.06 |b/bu 0,45 lb/bu

Caorn [zrain) 100 b/ acre 057 b/t 0.44 b/bu

Cariola 35 bu/acre 1.93 Ib/bu 11.04 b/bu —

Flax 24 bu/acre 213 b/t 0,65 b/bu

Sunflowers 22 owitacre 280 b/t 1110 b/owt

A)falfa 5 tons/acre 58.0 Ibfton 128 kton

Grazz Hay 3 tonzdacre 3.2 Ibfton 10.0 bdfton

Com [Silage) 5 dry tons/acre 31.2 bften 12.7 bion

Barley (Silage) 4.5 bonz/acre 34.4 |b/ton 11.8 Ib/ton

g = DE b i, b I = | N Y Ll'l (=], N S e

6.2.4 The Fertilizer Screen (4/8)

https://www.gov.mb.ca/agriculture/environment/nutrient-
management/marc.html#Whats_in MARC 2008
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Often it is simple mathematics
https://lwww.ag.ndsu.edu/publications/crops/effectiveness-of-using-low-rates-
of-plant-nutrients



I Considering soil depletion, maintenance or building_ . O

Im - L
A B C D E F (€] H | J K L M
1  Phosphorus Balance|Calculation for a Rotation (Version 4 - October 1, 2014)
Typical Yield P P Removed™* Annual | Notes: Does not account for nutrients
2 |Crop Yield Units Applied | per unit per acre | Balance | removed when straw or chaff is
3 L {Ib P,0:/ac) ---f------- removed or burned
4 |HR Spring wheat 60 bu/fac 30 0.59 35 5
5 |Winter wheat 75 bufac 30 0.51 38 -8
6 |Barley bufac 0.42 0 0
7 |Oats bufac 0.26 0 0
8 |Canola 40 bufac 20 1.04 42 -22
9 |Soybeans 40 bufac 10 0.84 34 -24
10 |(Peas bufac 0.69 0 0
11 |Flax bufac 0.65 0 0
12 |Corn (grain) bufac 0.44 0 0
13 |Other** 0.00 0 0
14 |Total for Rotation 9 5o
16  Fill in any of the blue cells for typical rotation, yields, and P appl'n
17  *Premoval figures are estimates from the Manitoba 5oil Fertility Guide.
18 **For nutrient remn[tal in other crops see table in next worksheet.
19 |
20
H 4 b ¥ Tnleradive P halance workshesd  Nulienl renoval Ll 520 [I] 4

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



2020 National Survey: Fertilizer ®n
Recommendation
Philosophy for P and K

B Build & Maintain
B Sufficiency
B Hybrid

B Multiple strategies

D. Osmond, 2020 I
Canadian images by Joh




ll Sufficiency versus Building/Maintenance

Sufficiency
— « Apply only what is sufficient to meet
crop demands
 Inputs match outputs
« Soll nutrient levels remain in a
responsive range

Yield

[

Nutrient X soil test level

Building/maintenance

« Apply more than what is needed for
the immediate crop

« Build the nutrient reserve

« Soll nutrient levels remain in a
medium to high range

Yield

Nutrient X soil test level ]



Y Vonitoba 9
(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 Ib P,0O; /ac to increase 1 ppm STP)

(15-5) x 25 + 34 =(250) +34 =84 I|b P,0O; /ac
5 5




B 2001 — based on
same data +/- 10%

WESTERN

i
y co et H ST, o 1 sl
Groms S gont o P » 0 For o The ranges in nutrient uptake ' and ( A N A D A high lime in the root zone, nutrient
spm\i: staw og 32 v removal® values given in this chart imbalances, and other factors may
o

"ZSDO"-"“" Tore! 28 ‘1 3 are general estimates, They are based 2 0 0 I restrict uptake of plant nutrients.

T 52 5 ]

¢ Whant “’"'“ 15 ;., n on typkal nutrient concentrations and Crop fertility requirements will differ
sinm \ i

';.\:m,m ?:,; &7 = 7 ylelds for good growing conditions in from these nutrient removal values.

2960 kphe aa 8 . western Canada. Actual uptake and remowal Crops are not able to extract all

- a

Barey

will vary with crop yileld, crop variety, soll fertility available plant nutrients from the soil, and ;
and from year to year. Accurate removal values fertilizers are not 100 percent efficient. For any .
can only be determined by laboratory analysis. given yield, the total nutrient supply in the soil

Crop uptake of nutrients Is affected by soll and (soll plus added fertllizer) will be somewhat
>
% cimatic conditions. Low scll molsture, poor greater than the amount removed by the crop.
ot aeration due to compaction or excessive The best way to determine fertilizer require- !
moisture, low soil temperatures, ments is rrgul:lr soil nn.\l)’sls.
2%
\.'1'
on™
03" Pounds per Acre
aWt®
xar®!
12

Grains N PO, K,0 s

Spring Wheat uptake' 76 -93 29-35 65-80 8-10
40 bu/A (2690 kg/ha) removal? 54 - 66 21-26 16-19 4-5

Winter Wheat uptake 61-74 27 - 34 64 -78 9-1
50 bu/A (3360 kg/ha) removal 47 - 57 23-28 15-19 6-8
Barley uptake 100 - 122 40 - 49 96 - 117 12-4
80 bu/A (4300 kg/ha) removal 70 - 85 30-37 23-28 6-8
Oats uptake %9 - 17 36 - 45 131 - 160 12-4
100 bu/A (3584 kg/ha) removal 55 - 68 23-28 17-20 4-5
Rye uptake 83-10 $a1-5 17 - 144 14-17

55 bu/A (3450 kg/ha) removal 53 - 64 2-7 18-22 4-5
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NUTRIENT UPTAKE AND REMOVAL BY FIELD CROPS

WESTERN
The ranges n nutrient uptake’ and CANADA high lme n the root zone, nutrient e s e rn a n a a
remaal® values gven In this chart Imaalarces, and other fastoes may

are penaral estmates. They are based 2 0 0 l restrict uptake of plant autrsats

On GypIcal Ul ent concenteations and Crop fertiity roquirements wil differ
yi=ids for goac growdng conditions n fram thess nutriet removel values.
western Carada, Actual uptake and removal Crops are not able to cxracs =l

Wil wary with crop yield, crop vanisty, sof fertiity  pogabie plant rutrierts from the scil, 2nd

ard from year W yean Accurate removal values fertifzers ave not 100 percent efficers, For any
can arly be determined by lsboratary analyss, ghven yied, the total rutriert supply in the sof

Crop uptake ¢l nuirients is slfected by scil and (5ol plus added lertiizer) will be semevhat
cimatic candrizrs. Law sall maistare, poor greater than the amount remaved by the crop. Wh d H d d t f
arerglion due Lo compatlion or excessive The best vy 1o determine fervlizer regaice o e re I a a COl I le r0| I I?

moisture, loaw sol temperarures, ments Is regula soll analysis.

——
et M.

Research plots?

Pounds per Acre

Older varieties?

Grains N P,O, K,0 S

Spring Wheat uptake®  T6-93 25-35  65-80  B-10 Open pO”Inated Can0|a_
40bu /A (2690 kg ha) remonal’ 54-48 21-26 16- 19 4-5 .

Winter Wheat uptake  &1-T74 7-34  64-78  9-1 PrOdUCtlon haS Changed:
0 bu/A (2360 kg ha) remova 47 - 57 2328 15-19 &-8 .

Barley uptoke  00-122  40-49  9%6-17  12-14 ° LeSS T | |age

BO bu/A (4200 kg /ha) removal  70-85 -7  23-8 6-8

Oats sk % %4 W0 0w * More pesticide use (fungicide)

100 bu/A (3594 ke /hs) remeval  55-48 23-28 7-20 4-5

Rye uptake  83-101  A49-51  N7-W4 M1 o Earlier Seeding

S5bu/A (345043/}“) remesil 53 -44 22-0 18-22 4-5

Corn uptake 138 - 168 57 -69% 116 - 141 13-16
100 bu/A (6272 ke ha) remoal a7 - 107 39 -48 25-30 6-7

Ollseeds N P.O, K.,O S

Canola uptake 100 - 123 46 - 57 13- 89 7-21

35 bu/A (1980 kg ha) remowal 61-74 3B-40 16-20 10-12

Flax uptake  €2-76  18-22  39-48 .15 S
M b /A (1492 kg sha) removal 46 - 56 “-17 3-16 5-6 b



Table 4.1 Total nutrient uptake* by selected crops (Last modified: May 2014).

Barley Argentina s
Bermudagrass USA

Canola China
Chickpes India 14
Corn USA

‘m ----- —

Pt Soybean USA
= Sugar beet China =
s Sugarcane China —

B Sunflower Argentina %

Tom

| wn Tobacco China

Whe

S S I O 1, O O

§

g

g

* Total mimtumeke;erstomem;nﬁtyofnuuiemwcunulatedintheabovegloum;porﬁm-,.and harvested portions, of the plant by the time of
sampling, usually physiological maturity or when uptake is at its maximum. IPNI Website



- w Crop Nutritian hautriere Krowiedge Mutrient Manzgement Resaurre | Inrary All Masaic G Q, l

SELECT YOUR CROP

L TR T TR SR

ComGraln Com Flage  Soyboan Canaa Cottan Spring
‘Wihaar

ADIUST YOUR YIELD SEE YOUR NUTRIENT REMOVAL RATE*
salected Crop: Spring Wheat Remnoed (LR
5 U " Pylly Kyl 3 g
BUSAG
i 1
au 16.4 L =
o o

Adjust the yiald to afec your aummient
B0Ye I

145
LELae

*N, P,O5 K,0, 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

(/) O A

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.

https://lwww.cropnutrition.com/nutrient-management/nutrient-
removal?gclid=CjwKCAjwqcKFBhAhEIWATEr7zQIkSLtkV0eFtzA6uDy4Sn6i5jbzghVECSJ6ILLvQY1KBXJLAYVrJ]
BoCJk4QAvD_BwE



Modern Corn Hybrids' Nutrient Uptake Patterns

By Bows . Bender, Jason W. Haegele, Matzas L. Hallo. sad Frod E. Below

Biotechnology, breeding, and ogranomic advoncements haw propelied com yislds 10 new highs with litdle guidance as
te how 1o ferSlize these madern corm hybeids 10 achiovs their masimum yisld potestiol. Currsnt fertilizanion proctices,
dewloped decades ago, may not match uptoke capabilities of medern hybrids that contain transgenic insect protection
now grown at popu ation densties higher than ever before. A reevoluotion of nutrient uptoke ond partitioning can provide
the foundation for fnetuning our proctices os we strive to achieve com’s maomum yeld potentiol

mutrient management mohades using the right seurce a
the tight cate, right tieoe, asd sight placs—the 4R ap-
prusch. Rosearch pentainisg to primary mee sosutrient uptake,
partitioning, and timing (Sayre, 1948: Hanway, 1962: Karlon
et al, 1968), though fusdamentally accarat
Bybetds and mansgement practices, may be umsvpresentative
of modern hybrids in higher yielding envircaments. The ob-
proctive of this stunly was 10 debermine bow moder, trassgmic

\ s simnarized by Broulsoms ot sl (2012), optiséring

for previous

v
insect-povtectod com hylwids in kigh-vielding systenss Lk
up and wtilome mtrients,

Nutrient contents of N, F K S, Loy, and B were detormined
at sl ineremnentally spacod growth stsges: VO (vegitative lesf
dsge 6). V10, V14, R2 (blister). R4 (dough). and R6 (physi
ological matuzity) (Hasway, 19%3). Field expenments were
conducsid 2t the Northers Hlinots Agroncesy Research Con-
ter n DeKalh, Hlinols and the Department of Crop Sciences
Research and Edocation Cester in Urbana, Winois. A total of
wiz hybeicks canging in relaties matarity fom 1L o 114 davs
were used with genetie mesistance to feeding from Western
Corn Hootworm (IAabrotaos vgyfera virggfera), Esmpean Cormn
Bover (Otrioasn masdidealis ), annd otharr spescies in the Lorpicdogiera
ocder. In all cases, hyhrids were sooded to edain a finad stand
of 34000 plints/A. Represemtative plants were separsted,
analyrd, aoed evalusted in four Ussue frsctiess 1) stalk and
Jeal sheaths: 2) bead blades: 3) tassel, cob, and busk leavess and
4} com grain, respectively referred $o s stalk, leaf, yeproduc-
tive, atd grain lisses, Agronomic sanagenest o plasting
inchuded a sotl insecticsde and a broadeast appleatson of 150
Ih PO A as Microbssentials® S2™ alomg with 180 B N/A 2
st Thiis v Slliwnd by 660 1h N/A a0 Super-l (with urease

0 NAODY of lumed Uy BN 104 matrient
o

mutrients pequiresd for production, asd 2) the amoant of that
nutrtent contained n the grain, referred 10 25 “rosnoved with
grain” (TaMe 1) Our grain nutrient concentration valoes, in
units of b (Table 1) are in ugrvement with thoae meoent iy
usaend By thie Giatiliver lsabostry 10 detennise replacemisn for-
tilizer rates (Bruulsems et al. 2012 In the past 50 yoars,
ey

and the amount of sutsionts wmoved with the gruin have searky
joubled scrvas a variety of menagement systems used (n the
1960 (Famway, 1962

ot pantity of N, P asal K twquioesd for prodisction

Newer, high yielding
hybrids removing less

nutrients per

bu than

“book values”

M Uptake, Ib MiA

FL ] Gran
Fre Iﬂiﬂl,. f_“d:, Husk Leawes

Stalk and Leof Sheaths
Leof Blodes

-] S0 1,008 1500 p1 ]

-
Parcent of total, =

2,500

T T T T T T
W WM NTET R R4 B

Growth Stoge

Fiyure 2. Total maize N uptake and partiticning acmss four plant
stover froctione leaf, stalk, reproductive, and grain
tisspes  Boch value is o mean of six hybrids ocross two
site-years at Lrbang, IL{2070] and Dekalb, IL [2010).

GGD, = growing degree days (Fahrenheit)

P Uptake, Ib P,O/A

T

i Grain

e Tossel, Cob, Husk Leowes
= Siolk ond Leaf Sheaths
mmm Leof Blodes

.

-

-

-] 500 1 e 1,500 2,00
GDDO

E

&
Percent of total, %

T T T T T T T T T
WI W2 '™ Wi W0 WM WTH1 2 R4

Growth Stoge

Figare 3. Total maize P uptoke and portitioning ocross four plant
stover froctione leaf, stalk, reproductive, and grain
tisspes  Boch value is o mean of six hybrids ocross two
site-years at Lrbang, IL{2070] and Dekalb, IL [2010).

G0, = growing degree days [Fohrenheit)

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



= Lack of association between crop yields and .
nutrient concentration

A Yield vs N concentration B Yield vs P205 concentration C Yield vs K20 concentration
Crops Crops Crops
¢ Com < ¢ Com ¢ Com
* Soytean 3501 * Soybean 3 * Soybean
" Wheat - *  Wheat * Wheat
-
G T 5
@ Jo o
= 3 - |
=2 22 <2
k"] 2 =2
o w @
- > >
12
-
7
.
-
4 e
. . - . -
. I W
| * ' : 2 %‘
. . - .
o o
. - DA
L p'” * 3 .
9 A x 20 25 30 35 40 000 025 0% 078 100 125 150 200 028 050 0T
N grain concentration (Ib/bu) Grain P205 conceniration Gran K20 concentration

Fig.2. Scatterplots of the concentration of A), N, B) P,0,, and C) K,0 in the grain (Ibs/bu) against yield (bu/ac) of
field crops of corn (n = 644), soybean (n = 390), and wheat (n = 101).

lllinois. Villamil et al, 2019. https://experts.illinois.edu/en/publications/new-
grain-p-and-k-concentration-values-for-illinois-field-crops



M Defined range of nutrients

A Concentranon of FZ05 in grains Of nieia crops
100

754

Density
l‘:;

25

001

000 0 E"‘ 050 0 ‘.’5 100
Grain P205 concentration (b/bu)

B Concentration of K20 in grains of field crops

0.00 025 050 075 1.00 125 150
Grain K20 concentration (Ib/bu)

Fig. 3. Distribution of (A) P,O; and (B) K,O grain concentrations measured in 2335, 2621, and 825 samples of corn,
sovbean. and wheat. respectivelv.

lllinois. Villamil et al, 2019. https://experts.illinois.edu/en/publications/new-
grain-p-and-k-concentration-values-for-illinois-field-crops



. . L o
Using results for recommendations

Corn grain P, 2014-16, N=2335

lllinois and lowa choose

$ 100% to report the 75t

£ percentile values for

8 75%

5 removals rather than the

X 50% mean (or median).

£ o This was a cautious

2 £ approach to avoid any

S 0% . , risk of under fertilizing —
0.15 020 025 0.30 035 0.40 045 0.50 but was still considerably

Ib. P,0, per bushel less than the previous
book value of 0.43

Figure 2. Cumulative distribution of corn grain P levels for 2,335 samples collected from
2014-2016 in lllinois. Vertical lines identify the 25th, 50th, and 75th percentile values, and
the current “book value” (0.43 Ib P205 per bushel, at the 97th percentile) is indicated by
the vertical line an the rieht

https://farmdoc.illinois.edu/field-crop-production/uncategorized/new-grain-
phosphorus-and-potassium-numbers.html



g Ohio studies - a full analysis including
micronutrients — corn, soybeans, wheat

N P K

Compared to 20-
30 yrs ago,

K removal Is:

26% less in corn,
19% less In soys,
35% less in wheat.

Grain Nutrient Removed (pounds of nutrient/ acre)

Corn Yield (bushels/ acre)

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
0 18C more starch (or lipids)
o = 100 —— relative to nutrient.

Grain Nutrient Concentration (% or ppm)

80 120 180 240 80 120 180 240 " 80 120 180 240
Corn Yield (bushels/ acre) o
https://ohioline.osu.edu/factsheet/anr-74



Y 1anitoba 9

Corn Zinc Uptake

0.5
0.4 4 |10 Grain
O / B Cob
g 0.3 / W Ear
— B Tassel
ISI 0.2
B Stalk
0.1 O Leaves
0.0 A

1- 15- 29- 13- 27- 10- 24- 7- 21-
Jun Jun Jun Jul Jul Aug Aug Sep Sep

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.



Y onitoba 9

Manure impact on nutrient removal

Control | Lig-N Lig-P Solid N Solid P
rate rate Rate rate
Canola | Lb N/bu 1.54 — 1.72- 1.74- 1.67- 1.68-
1.71 1.80 1.76 1.68 1.71
Lb 0.62- 0.73- 0.53- 0.79- 0.64-
P205/bu 0.75 0.74 0.73 0.82 0.83
Barley |Lb N/bu 0.99 1.04 1.08 1.02 1.12
Lb 0.48 0.53 0.47 0.52 0.54

P205/bu

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.

Flaten 2017. https://cdnsciencepub.com/doi/pdf/10.1139/cjps-2017-0160
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P and K removal in Corn
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P and K removal in Wheat
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Canola Nutrient Removal per bu
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https://lumanitoba.ca/faculties/afs/agronomists_conf/media/Poster_-_Heard_2.pdf
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valuation - 2019 to validate historic numbers %
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Samples collected in 2020 — 100 samples per crop
... wm | sk | AB
45 51

Barley 5

37 87 41
0 85 15
94 0 6
Lentil 0 90 10
16 56 28
Soybean 90 9 0
Field pea 3 50 47
5 83 12
10 20 10
Spring wheat 17 47 36
0 98 2
18 46 36

Dry beans** 20 10 10
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Box contains 50% of data
(25% above, 25% below)

Whiskers contain other 25%
of data (each)

Diamonds are outliers

Coloured arrows are 2019
values

Y Vanitoba 9
How the data is displayed

N = number of data samples

Line is median

Little box is mean

The red line is the CFI value
or
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B | ollese of Agricutture Nitrogen Removal (seed) 2020
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Stay tuned for final results

Funding provided by:

* Western Grain Research Foundation

* Alberta Wheat Commission

Prairie Oat Growers Association

Saskatchewan Canola Development Commission
Saskatchewan Flax Development Commission
Saskatchewan Wheat Development Commission

SWGRF 3¢  Sasky

Advancing Agriculture through Research

DEVELOPMENT COMMISSION

W fort tifezrs Y SaskCanola
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__ Is seed nutrient concentration useful as a <

diagnostic tool of deficiencies? Rarely.

Common benchmark uses wheat protein to
indicate N sufficiency for vyield

HRS = >13.2-13.5% indicates sufficient N for
full yield (Racz)

HRW = >11.5% (Goo0s)

Most of the critical or deficient values listed in
“Plant Analysis: An Interpretation Manual” now
fall within the normal range of current crops.

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
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Are reductions in nutrient concentration a
problem?

No — a sign of success!
. Full yield expression anql
Pre-Conference Workshop carbohydrate accumulation.
Principles to Produce
Nutrient Dense Food Despite what you might read

& Defining Food Quality: Tools,

Science and Collaboration on the Intemet

an Kittredge, Bionuteient Food Assogiatior

Feb 17 & 18: Winnipeg, MB — Producing Nutrient Dense Food Conference
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Nutrient Removal Values

Preliminary observations:

« Corn - P and K concentration/bu 26% & 32% less
« Soybeans =20% & 15% less

« Wheat=16% & 30% less

* Canola =33% & 22% less

* |mpact on “maintenance and build calculations”

* |mportant in maintaining productive fertility levels

— yield increases are still bigger than these reductions in
concentration

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

John.Heard@gov.mb.ca #08.
'| "Q\tt;
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