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Background

» Phosphorus (P) is an essential nutrient and the second most
commonly applied nutrient in Minnesota agriculture.
Phosphorus management is critical to reduce environmental
risk while sustaining field productivity.

» Phosphorus fertilization in Minnesota and the Midwest is
based on one of two philosophical approaches:

» Build and Maintain (“I” states) or Sufficiency (MN, WI, SD).

» Recently, many have labeled the sufficiency approach as
“to conservative” or “will limit yield or yield potential”.

» They proclaim greater fertilizer rates, used in B&M and
crop removal approaches, are necessary to obtain and
maintain production levels in today’s agricultural systems.
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Presentation Notes
Similar to N, P mgmt. is critical to reduce environmental risk while sustaining agronomic productivity. B&M: IA, IL, IN, KT; Suff.: MN, WI, SD, NE (both); Build up to Optimum or high level (critical value), then maintain STP at or above that level with periodic applications. Sufficiency approach apply P as directed by soil test, if very high (well above critical value) and a response to fertilizer P addition is unlikely, NO FERTILIZER P SHOULD BE NEEDED OR APPLIED.


Objectives

The objective of this study was to establish long-
term experiments in primary agronomic regions of
Minnesota and to test / compare current and future
P management strategies.

PHASE |. Establish at each site replicated soil test P (STP)
level treatments ranging from Low, Medium, High, and Very
High (V.High), over a period of 4 growing seasons (2011-
2014).

PHASE Il: Evaluate response to applied P as affected by
Initial STP levels and evaluate maximum grain vyield
achieved under various applied P, initial STP level
combinations.



%xperimental sites

1. Becker
Crookston
Lamberton
Morris
Rochester
Waseca

o 0k WD

1|

Split-plot randomized complete block design with four replications.

» Whole plot: STP classes (Low, Medium, High, Very High) (80’ x 55’)
» P,O¢ rates for this period (Low=0, Med.=30, High=60, V. High=90 Ib/ac)

» Split-plot: were established Fall 2014 for PHASE Il (20’ x 55’)
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EMPHASIZE RATES OF FERTILIZER DURING BUILD PHASE


Measurements and Methods

» Annually at each site
» Grain yield, P removal, and P inputs

» Soll samples at 0-6 inch sampling depth (June
sampling at all sites except Morris).

» Triple superphosphate (0-46-0) was the only P fertilizer
source used at all locations. Broadcast and incorporated.

» All agronomic practices at each location were customary
for the region Only P fertilizer rates varied.

» Crop rotation: corn (2011-13), soybean (2014), corn
(2015-16), soybean (2017) at all sites except Crookston
(wheat in 2013).



Soil Description

-_

Site Soil Series
Beckerz Hubbard Is 5.2 0.1 1.4
Lamberton Normania | 54 0.2 3.4

Rochester* Port Byron & Mt Carroll silt loam 7.5 05 43

Waseca Nicollet & Webster clay loam 6.0 0.1 4.7
Morris Dolan sl 7.6 1.5 3.9
Crookston§ Gunclub Si cl 8.1 2.5 4.8

+ Becker site was limed in 2012 to bring soil pH up to 5.8.
* Rochester site was limed just prior to the initiation of the experiment.
§ Crookston and Morris typically use the Olsen STP for P fertilizer recommendations.



Soil test phosphorus (P) Interpretation Classes

and associlated extracted-P concentrations used In
Minnesota.

- Minnesota STP Category
Extractant Very Low Low Medium High Very High

Bray-P 0-5 6-11 12-15 16-20 21+
Olsen-P 0-3 4-7 8-11 12-15 16+



What is the meaning of low P?

* Think of your soil test as a probability function

Table 8. Corn grain yield response to applied P

fertilizer based on soil test category.

“Low” testing soils

should have a low %RL'Z‘EI:‘F; é:f EE:E%}E{:;EEE: Engggm
potential to supply TEST P CORN GRAIN WITHOUT P
required nutrients CATEGORY YIELD I FERTILIZER
................. Y

Very Low 87 87

Low 83 90

Medium 27 98

High 13 99

Very High 7 99

UNIVERSITY OF MINNESOTA | EXTENSION
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Expected yield without P is an average or median value. BUT range or variability is also changing. Large range at V. Low (+ or – 20%), + or – 10% at Low, + or – 5% at Med. Approximate.


Phase |- Results




Phase | Soil Test P
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Rapid increase in STP with these build rates at all of these locations (acid soils). Control declined at all sites except Lamberton, 30-lb rate maintained STP at all sites except Becker (reduced slightly), 60- and 90-lb rates increased STP at all sites.
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Presentation Notes
On high pH soils, slower reaction in STP, especially at Morris. Did build STP to V. high even at Crookston (pH=8.1 and CCE=2.5%)


Phase | Soil Data-Summary

At the end of Phase | in 2014, all sites
had reached the four established
Interpretation classes: Very High,
High, Medium and Low and most of
them were within the range
established for Minnesota, with some
exceeding only by a small margin.



METHODS OF PHASE I

»Divide each whole plot into 4 split-plots
» Group split-plots into adjacent pairs

» One pair used in 2015 trial

» One split-plot fertilized
» One split-plot not fertilized (crop relies on residual P from Phase )

» Additional pairs used for 2016 and 2017 trials
» Fertilized to maintain original Whole plot STP Interpretation Class

»Fertilizer rates for Phase Il (fertilized plot only)
»Low: 150 Ibs. P,O; ac't
»Medium: 90 Ibs. P,O; ac
»High: 30 Ibs. P,O; ac™
»Very High: 30 Ibs. P,O ac™



Methods for Phase |l

»Fertilizer rates used were University of Minnesota
recommendations based on STP levels plus 50%.

> This trial was not to test fertilizer recommendations

»\Wanted to ensure minimal chance recommended
P rate was inadequate



Phase IlI- Results




Grain yield (bu ac™)

Grain yield (bu ac™?)
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Grain yield (bu ac™)

Grain yield (bu ac™)
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P fertilized (low class) yield = to all other P fertilized plots. 


Grain yield (bu ac™)

Grain yield (bu ac?)
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Phase |l Rochester
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Grain yield (bu ac™)
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Grain yield (bu ac')

Grain yield (bu ac™)
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Phase Il Morris
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Yields were greater at High Class than Low and Medium in 2016. Trend for lower yields with P+ at Low Class, ONLY SITE THIS OCCURRED.


Grain yield (bu ac™)
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Yield Data Summary

>

>

Corn yields responded to P fertilizer application
at Becker, Waseca, and Crookston.

Morris, Lamberton, and Rochester had minimal
response to P fertilizer.

In 18 of 23 site-years from Phase | (individual
year data not shown), yields were optimized with
STP In the Medium soil test level (12-15 ppm
Bray-P1 and 8-11 ppm Olsen-P).

The Medium STP level or class received 30-Ib
P,O. ac annually during Phase I.


Presenter
Presentation Notes
These were comments from Jeff, I updated to include Phase II data


CONCLUSIONS

»Greater response to P application was o
the Low and Medium STP classes, with
response in the High and Very High STP ¢

»Applying P fertilizer annually based on

pserved In
Ittle to no

aSSEeS.

STP level

resulted in similar grain yield potential than building
and maintaining high STP regardless of P level and

solil type.



STP Critical Levels
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REMINDER: only the control plots did NOT receive P fertilizer. With modest rates of P fertilizer (30 and 60 lb annually) critical values are mid to low teens.


Relative Grain Yield
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When STP < 19 mg kg
RY(QP)=73'9 + 2.68(P)'0.07(Pz)
R2=0.282 P<0.0001
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Lamberton response curve pretty flat near critical value; therefore, critical value greater than expected. ALSO ONLY ONE YEAR OF DATA. Generally critical values similar to corn.
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REMINDER: only the control plots did NOT receive P fertilizer. With modest rates of P fertilizer (30 and 60 lb annually) critical values are mid to low teens.


Relative Soybean Yield x STP
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Critical Soil Test P Levels
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RESIDUAL EFFECTS OF PHASE I

»What are residual effects on 2015 plots in 20167

»Do corn yields and/or STP crash in P fertilized
plots in the Low STP class?

Pair of plots used for the 2015 comparison
» One split-plot fertilized
» One split-plot not fertilized

» Treatments applied to 2015 pair in 2016
»Low: 0 & 150 Ib P,Ocac for 2015 and 0 & O for 2016
»Med.: 0 & 90 for 2015 and 30 & O for 2016
»High: 0 & 30 for 2015 and 30 & O for 2016
»V. High: 0 & 30 for 2015 and 30 & O for 2016



Phase Il Soil test P (Bray-P) Residual Effects
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STP in P+ Low class declined somewhat from the previous treatment year but still remained in the Medium to High categories at all Bray P sites. There was significant “carry-over” for the next growing season or “residual effect”. 


Soil test P-Olsen (ppm)

Phase Il Soil test P (Olsen-P) Residual Effects
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STP in P+ Low class declined somewhat from the previous treatment year but still remained in the Medium to High categories at all Bray P sites. There was significant “carry-over” for the next growing season or “residual effect”. 


Phase Il Corn Yield Residual Effects
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Phase Il Corn Yield Residual Effects

Grain yield (bu ac'?)
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Phase Il Residual Effect Observations

» STP In P fertilized plot of Low Class did
decline somewhat; however, STP still

Medium to High and adequate for crop
production.

» Corn yields in 2016 from the P fertilized plot
(2015) in Low Class were similar to other
fertilized plots; therefore, no additional P
fertilizer was needed In year two.



CONCLUSIONS

»Applying P fertilizer to Low and Medium STP
classes (Sufficiency Approach) produced the
same yields as High and Very High STP classes

with or without P fertilizer.

» Therefore, applying P fertilizer using a build anc
maintain approach or at crop removal rates dic
NOT increase corn and soybean yield potentia
compared with sufficiency approach.

»Following a build and maintain approach would
result in greater input (fertilizer) costs and lower

economic returns.



Changes in STP vs Net P,O: applied
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Change = Fertilizer P2O5 applied MINUS P removed in grain. The 0, 0 intersection point shows what happens to STP with crop removal applications. For all Bray P SOILS, STP INCREASED WITH crop removal. 


Changes in Olsen-P from initial (ppm)

Changes in STP vs Net P,O: applied

Crookston
50
40 A
30 4 o
20 - e ie oo
10 ® 0gq¢ S ud
; C 3o liydiy e
0 g ie-0y
.......... %e o o
-10 A
[ ]
-20 A
-30 ~ Change P = 0.046(NetP) + 4.13
R2=0.4628
-40 A
-50 T T T - - -
-400 -300 -200 -100 0 100 200 300 400

Net P applied (Ibs P,Os ac™)

Changes in Olsen-P from initial (ppm)

Morris
50
40
30
20 -
10 - 0.:_9...
0 L B i L -
. ST e
_lo i ;-‘-' ° [ ]
-20 A
-30 1 Change P = 0.032(NetP) - 2.5
20 | R2 =0.6223
_50 T T T T T T
400 -300 -200 -100 0 100 200 300

Net P applied (Ibs P,O5 ac't)

400



Changesin Bray-P from initial (ppm)

Changesin Olsen-P from initial (ppm)
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Changes in STP vs Net P,O. applied
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Calcareous soils (6yr)

Change P = 0.0337(NetP) + 0.9383
R2=0.3646

-400
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Net P applied (Ibs P,O5 ac™)

400

After 6 years, when net
P addition was O (P
removed=P applied) a
positive net change of
1.5 ppm yrtand 0.2 ppm
yr-1was observed for
acidic and calcareous
soils, respectively (Fig.
4).



Summary of annual soil test change based on crop removal of P
following six years for fertilizer application and removal

Annual P

Soil Test Change

when applying P application required
based on crop to Maintain Soil

Location removal Test

------ ppm yri----- | -——Ib P,O; actyr?---
Becker 1.3 -16.9
Lamberton 1.0 -31.1
Waseca 2.3 -24.1
Rochester 2.0 -34.0
Crookston 0.69 -15.0
Morris -0.42 +13.1
Acidic Soils 1.5 -28.1
Calcareous Soils 0.16 -4.64
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Presentation Notes
P application required to maintain = crop removal + value in left column (most are negative values)


CONCLUSIONS

»Crop removal rates increased STP, especially
on acid soils (Bray P1).

»Build and maintain or crop removal:
»Will result in greater input (fertilizer) costs.
»Makes no sense on rented acres.
»May be difficult B&M some calcareous soils

»Can provide some flexibility when fertilizer P
prices increase unexpectedly (owned acres).

»May allow you to soil sample less frequently.



When can you reduce fertilizer P Inputs?

o |f soiltest P (STP) is Low or Very Low (<12 ppm
Bray or <8 Olsen), APPLY FERTILIZER P.

« STP is Medium (12-15 ppm Bray or 8-11 Olsen),
a yleld response to broadcast P Is possible
(27%), but may not give an economic return.

« STP Is High (16-20 ppm Bray or 12-15 QOlsen) a
response is unlikely. A low rate of starter P Is
fine.

« STP is Very High (>21 ppm Bray or >16 Olsen).
No fertilizer P Is needed. A low rate of starter
P Is acceptable, IF no broadcast P is applied.

’ W inccons Agricultural Pertilizer M UNIVERSITY OF MINNESOTA

Research ¢ Education Council L Driven to Discover



Questions
Jeff Vetsch

jvetsch@umn.edu

507-837-5654

Follow on Twitter
@jvetsch?2
@SROCcrops
@UMNNutrientMgmt
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Phase Il — Grain P removal (2015-2016)

Becker Lamberton
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Phase Il — Grain P removal (2015-2016)

P removal (Ibs P,O5 ac?)

Crookston Morris
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» Grain P removal was more responsive to P
application in 4 of 6 sites.

» Fertilizer P (+P) increased P removal in Low
or/and Medium classes but not in High and
Very High classes.
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Phase Il Soybean Grain P Removal (2017)
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Phase |l Soybean Grain P Removal (2017)

; Crookston
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» Grain P removal In soybean was more
responsive to P application in 5 of 5 sites.

» Fertilizer P (+P) increased P removal in Low
or/and Medium classes but not in High and
Very High classes.
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Becker yields were low probably due to White Mold in this field this year


Nutrient Removal Values
Updated through 2015

Corn Soybean

* P:n=7806 * P:n=5071

* K:n=4958 e K:n=4427

* Removal in Ibs/bu * Removal in Ibs/bu
— P,0.-0.28 — P,0.-0.69
— K,0-0.19 — K,0-1.09

* Values are generated from sites where responses to P or K may or may not have occurred
* Values are median values for removal

* Actual values may be +/- 10%

* Mean and median for the dataset are similar
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