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Thank you for the opportunity to share the 2020 results from this Phosphorus and Potassium trial conducted in wheat and soybeans
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NW MN Soils: What we Know?

Glacial Lake Agassiz is the origin of area soils
Cold soils reduce nutrient uptake

High pH soils can limit nutrient uptake

A 50 bu bean crop removes: 40# P205 & 70# K20
An 80 bu wheat removes: 50# P and 30# K

A 7-30-30 will not supply needed P&K, so plants will have
to ‘mine’ soil to obtain P&K for high yield goals
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Phosphorus and Potassium Levels In Soils
AGVISE Survey - 2019

Soil samples with soil test phosphorus

below 15 ppm (Olsen P) in 2019
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below 150 ppm in 2019
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Phosphorus and Potassium survey results are from soil samples taken in 2019 and sent to AGVISE Labs for analysis. Slides are from John Lee at Agvise. In 2019 soil test P levels were below 15 ppm for 86% of the samples from NW MN,  and the areas to the east tested 73% below 15 ppm for P. That’s over 3/4 of the soil samples testing below 15 ppm for P. Soil test K was below 150 ppm in 32% of the samples from NW MN along the Red River, while the area to the east tested 81% below 150 ppm for K. 


Soil Test Calibration Levels

Soil Test Calibrations

Very Very
Nutrient Test Low Low Medium High High

Probability of a Response

ppm
P Olsen 03 47 811 12115 >16

K NCR-13 0-40 41-830 81-129 121-160 >161

Source; North Dakota Fertilizer Handbook

 Very Low > 80%
 Low: 60 -80%
 Medium: 40 - 60%
* High: 20 -40%

* Very High <20%
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Soil test calibrations are from NDSU.  At the beginning of the research trials a background soil test was taken from each site in the spring of 2019. At site 1 soil test for P was 6 ppm (low) and for K 154 ppm (High). 
At site 2 soil test for P was 23 ppm (very high) and for K 166 ppm K (very high)
Site one would have an expectation of a P response of 60 – 80% for P and 20-40% for K.
Site two would have an expectation of a P and K response of less than 20% of the time.  
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Plant Growth & Yield - Law of the Minimum

- Barrel stave concept
» Justus Von Liebig

* Plant growth and yield limited
by the nutrient most scarce

* Goal is to provide nutrients
(Macro & Micros) in quantity
needed to maximize plant
growth and yield
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In the 19th century, the German scientist Justus von Liebig formulated the “Law of the Minimum,” which states that if one of the essential plant nutrients is deficient, plant growth will be poor even when all other essential nutrients are abundant.
As crop yield increases the probability also increases that nutrients will limit crop yield and production.  The goal is to keep the slats of the barrel as close to the top as possible to maximize crop growth and yield potential. 


Interactions of Plant Nutrients - Mulder

e * Too much of one nutrient can
N either enhance OR decrease
availability of another nutrient

M e N AN * High N can reduce availability
Phosphorus (P) ' —-----————-— Magnesium (Mg) of B, CU, K
* High P can reduce the
NV TN 2 availability of Fe, Ca, K, Cu,
Zinc (zn) itrogen (N) Z n
susmon -—--»-—- . * High K can reduce the
availability of Mg

Manganese (Mn) ~—~"

copper(cuyf A

Molybdenum (Mo)
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In 1953, D. Mulder published his “Les elements mineurs en culture fruitière”, one of the first studies of how different nutrients interact. The study included the above graph, which is now commonly used. Over the years, other researchers have added other possible synergies and antagonisms. Clearly, studying the interactions between nutrients is essential for improving crop yield. Most growers know the importance of applying the right amount of macro- and micro-nutrients, and soil and tissue tests can help identify if a plant is lacking any of these elements. However, some of these deficiencies (or excesses on occasion) are not caused by a shortage of the element in question but rather by a poor combination with other nutrients, either in the soil, in the plant or both.
The black line indicates a positive response the green line a negative response. A one way arrow suggests a one way street, but a double arrow indicates nutrients can impact both ways. 
�


Nutrient Sufficiency in Soybean Plant Tissue

Source: SDSU Aug 25, 2020 - Mueller
W“

Nitrogen (N)
Phosphorus (P)
Potassium (K)
Sulfur(S)
Calcium (Ca)
Magnesium (Mg)
Iron (Fe)
Manganese (Mn)
Zinc (Zn)
Copper (Cu)
Boron (B)
Molybdenum (Mo)

%
%
%
%
%
ppm
ppm
ppm
ppm
ppm
ppm

45-6
0.35-0.55
2-3
0.25-0.50
0.6 - 1.50
0.3-0.7
55 - 300
30 - 100
25 - 60
6 -20
25 - 60
1-5

<0.25
<1.7
<0.2

<0.35

<0.25
<50
<20
<20

<4

<20
<0.2

4 -4.99
0.25-0.34
1.7-1.99
0.2-0.24
0.35-0.59
0.25-0.29
50 - 54
20 - 29
20 - 24
4-5
20 - 24
0.2-0.9
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Soybean tissue samples can test soybean leaves for nutrient analysis as a quality control tool to ensure soil and the fertilizer programs are meeting the needs of the plant to eliminate nutrients as a limiting factor to soybean yield.
Soybean tissue tests will give an indication of plant nutrient status at the time of sampling. If any of the nutrient values are below the sufficiency range in the above table, soybean growth, development and yield may be negatively impacted. Tissue analysis may give an indication of management changes (drainage, inoculation, fertilization, variety selection, etc.). Plant nutrient concentrations are sensitive to the environment, time of sampling and variety. Analysis results should be used cautiously or not at all if plant samples were taken under extreme drought conditions, after flooding, or from damaged plants, i.e., herbicide carryover.  


Project Scope: USDA District 10 - NW MN

* 11 Counties area in NW MN
 Soybean acres

— 2007 =1,106,000

— 2017 =1,813,000

Soybean Yields (bu/ac)

— 2007 = 35.7

— 2017 = 341

Wheat Yields (bu/ac)

— 2007 =50.4

— 2017 = 65.8
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Northwest Minnesota is the primary geography for this research trials from Roseau and Kittson counties in the north to Clay and Becker on the south.  In the ten year period from 2007 to 2017 soybean acres increased from 1.1 to 1.8 million acres. This is an increase of 700,000 acres in a decade. In this same ten year period soybean yields have been flat, 35.7 and 34.1bu/ac in 2007 and 2017, respectively.  However, wheat yields have increased from 50.4 to 65.8 bu/ac in this same ten year period. Will additional P & K improve wheat and soybean yields, that is the research question we will answer with this project? 


Research Objectives

* To establish long term crop rotation trials (4 year
minimum) in wheat and soybeans

« Conduct small plot replicated research and large on-farm
trials to determine the influence of elevated levels of P
and K on wheat & soybean growth, development, yield
and seed quality

* Project partners: AFREC, MN Wheat Growers, MN
Soybean Growers, U of MN and farmer cooperators
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Project Specifics

Crop rotation: wheat-soybean-wheat-soybean
Manage wheat for 80 and soybeans for 50 bu/ac
Trial design: RCB with 4 replications

Soil samples collected after harvest in years 2-4

Tissue samples collected at early tillering in wheat and in
the 2"d to 3 trifoliate stage in soybeans

Soil and plant tissue analysis will help determine if
elevated P&K levels are causing an interaction with other
plant nutrients (e.g. P & Zn, K & Ca)
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Large Plot On-Farm P&K Trials in 2020

Rl o |

-+ Five locations in 2020, four
soybean and one wheat

e The two treatments:

— Farmer practice (FP) was the
field fertility rate selected by
farmer cooperator

— FP + 50 additional units of P&K
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Large Plot On-Farm P&K Trials in 2020

At harvest, headlands were
harvested before individual
treatments

« Each strip had a full combine
header width taken the entire
length of the field

- Each strip was weighted and
yield calculated
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Large Plot On-Farm P&K Trials in 2020

e Wheat site
— Elbow Lake

 Soybean sites
7 — Baudette
— Ross
— Roseau
— Roseau
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Would like to thank the farmer cooperators in this on-farm project. This project would not be possible without their willingness to be a project cooperator. 


Large Plot On-Farm P&K Trials in 2020

* Soil samples were taken in
each strip after harvest

* In heavy soil WD-40 was
applied to remove clay from
probe

» Soil testing labs indicate
applications of WD-40 doesn’t
have any impact on soil test
results
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Large Plot On-Farm P&K Trials in 2020

* Soybean yields ranged from
30.7 to 50 bu/acre

* In one of the four sites (25%)
gave a higher soybean yield
from + 50 compared to FP

 The range In harvested
soybean yield difference
across the field was 29.7 to
55.2 bu/ac

* Yield monitor 10 to 80+ bu/ac
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Soybean yields in the four sites ranged from 30.7 to 50 bu/acre. The FP+50 gave a positive response compared to FP in one of the four locations (25%). The soybean yield difference, in the harvested strips, across the fields ranged from 29.7 to 55.2 bu/acre. However, combine yield monitor within each strip ranged from < 10  to over 80 bu/acre.


Large Plot On-Farm Yields in 2020

2020 Yield
B Control
60 3
1.5- 50 41 9 42.2
C 40
o
5 30
e
— 20
o
gg 10
0
Elbow Lake*
Wheat

M Plus 50u P+K

541 54.9

Baudette

Soybean

d
34.4

Roseau-1

Soybean

d
435 43.9

Roseau-2

Soybean

a d
50.0 49.6 a
|||||| £K53 47.7
Roseau-3 4 Locations
Soybean Soybean
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Wheat site had herbicide carryover which impacted yields. One of the four soybean sites in 2020 showed a positive response to the FP+50 compared to FP (25% of sites). In the combined analysis of the four sites no difference in yield from FP+50 or FP.   


Large Plot On-Farm P&K Trials in 2020

Soybean tissue test results

Soybean tissue tests were taken
at 50% of the sites

All nutrient levels were in the
normal sufficiency range

P levels increased in 50% and K
100% in FP+ 50 compared to FP

Boron levels were less in the
FP+50 compared to FP

Other nutrients non-conclusive

Soil test results after harvest

Both P and K levels generally
higher from FP+50 than FP

One site P&K levels tested

Other sites P&K levels tested low
to medium for P and med to high
for K

B, Cu, Mn and Zn tested low to
medium at all sites
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Small Plot Replicated Research

Research Team U of MN Magnusson Research Farm

Dr. Nancy Ehlke - Pl

Donn Vellekson - Manager of U of
MN Magnusson Research Farm

Dave Grafstrom - Research
agronomist

Val Laidley - Summer Intern
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We are very fortunate to have willing farmer cooperators that farm around the Magnusson Research Farm. In 2020, the U of MN wheat variety trial was just east of the buildings.  In prior years we have had numerous small plot and large on-farm research conducted on lands that surround the Research Farm.


o)

Small Plot Replicated Wheat Results- 2020

Wheat-2020 Soil Test Results | Tissue Test Results * Yields ranged from 67 to 76 bu/a
A‘:’e“l Y‘/e'dz T P e e - Yields higher from the combination of 40,
Trt# P &K Bu/Acre Wt./Bu Protein ppm ppm % %
1 0200 730 630 147 165 123 028 16 60, 80, & 100 of P&K vs untreated
2 0-40-0 75.8 62.3 14.6 16.3 118 0.28 1.6 . - .
3 0-60-0 72.8 62.3 14.5 24.5 121 0.28 1.6 K alone flat response in wheat yleld
g CEny o eE 0 By e a0 G * No Trt. difference in test wt. & protein vs
5  0-100-0 67.8 62.7 14.0 32.3 122 0.28 1.5
6 0020 705 621 144 128 [135] 028 1.7 untreated
7 0-0-40 69.3 62.9 14.6 14.5 135 0.27 1.8 . . - - -
e e e B B R N R ST P appllled alone or in combination at 60, 80
9 008 703 624 149 140  |139| 028 1.9 & 100 increased soil test P
10 0-0-100 713 63.1 14.5 14.5 135 0.26 1.8 . .
T T En T s e e « K soil test levels tended to or increased
12 0-40-40 [748| 621 142 205 129 0.27 1.7 with all K rates
13 0-60-60 [73.3 61.7 14.4 24.8 135 0.27 1.6 ) i
14 08080 |760| 628 146 |250| |126] o028 17 * No Trt. effect in P tissue test levels vs
15  0-100-100 |74.0 62.6 14.4 37.0 138 0.29 1.8
16  0-0-0 67.0 62.6 14.7 16.3 116 0.26 1.5 untreated
LSD @5%level 74 13 07 81 16 003 02 - All Krates tended to or increased K tissue
LSD @10%level 6.2 1.1 0.5 6.7 13 0.02 0.1
CV(%) 7.2 15 3.2 28 8 5 4 test levels
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This data table lists the 16 treatments and that data collected. Table listed primarily as a reference and a series of bar charts will follow to better illustrate treatment differences. LSD (0.10) was 6.2 and CV was 7.2% which suggests good confidence in data this data set for yield. Soil test for the untreated for P was 16.3 ppm (very high) and for K was 116 ppm (medium). These results were from soil tests taken after wheat harvest in 2020. 
Probability of a response for P > 20% and for K 40-60% of the time.  




Small Plot Replicated Soybean Results - 2020

Soil Test Results  Tissue Test Results

Soybeans-2020  Yield  Test p K p K * Yields ranged from 61 to 69.8 bu/a
L. Su/ace_Wt/Bu Prote’ OF _pm pm % % . Yields higher from the combination of 20
1 0-20-0 64.8 57.7 38.7 20.9 4.5 120 0.54 24 )
2 0400 690 5.7 389 207 45 113 055 2.2 40, & 60 of P&K vs untreated
3 0-60-0 650 578 388 209 8.0 117 0.59 2.6 . . .
4  0-80-0 65.5 57.8 38.2 21.2 10.3 123 0.58 2.4 e No Trt. difference in test wt. & prOteln VS
5 0-100-0 69.0 57.8 38.6 20.9 13.8 113 0.62 2.5 u ntreated
6 0-0-20 61.0 57.7 38.5 20.9 4.5 111 0.57 2.6
7 0040 690 577 385 209 33 14 053 23 - P applied alone or in combination at 60, 80
8 0-0-60 63.2 57.8 38.5 21 2.5 125 0.59 2.5 > 0
9 0080 663 577 383 210 3.0 134 052 23 & 100 increased soil test P
10 0-0-100 66.5 57.6 38.6 20.9 2.8 131 0.62 2.7 = = =
e e s ce o S e e S « P soil test levels increased with rate
12 [19-404h |1 6330 OSileer 85 | 209 %> | 118 | Uaeel> « K soil test levels tended to or increased
13 0-60-60 69.3 57.8 38.6 21.0 7.0 123 0.59 2.5 i
14  080-80 635 577 385 210 |95 126 060 2.5 with all K rates
15 0-100-100 63.8 57.6 39.0 21.0 9.0 132 0.61 2.5 - .
2 o 5 mo wan me an am om | an e No Trt. effect in P or K tissue test levels vs
LSD @5%level 8.3 NS 0.4 04 3.2 17 0.07 0.32 u ntreated
LSD @10%level 6.5 0.3 0.4 0.3 2.6 14 0.06 0.26
CV(%) 7.8 0.4 0.8 1.3 37 10 6 6
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This data table lists the 16 treatments and the collected data. Table listed primarily as a reference and a series of bar charts will follow to better illustrate treatment differences. LSD (0.10) was 6.5 and CV was 7.8% which suggests good confidence in this data set for yield. Soil test for the untreated for P was 3.3 ppm (low) and for K was 109 ppm (medium). These results were from soil tests taken after soybean harvest in 2020. 
Probability of a response for P 60-80% and for K 40-60% of the time.  




Summary Small Plot Trials - 2020

Two small plot trials completed in 2020

Higher wheat yields were detected from the combination of
40, 60, 80 and 100 units of P&K vs untreated

Higher soybean yields were detected from the combination of
20, 40 and 60 units of P&K vs untreated

P soil levels tended to or increased as P rate increased in
soils (untreated) testing low, 3.3 ppm or high, 16.3 ppm

K soil levels tended to or increased as K rate increased,
especially with 80 and 100 units
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Summary Large On-Farm Trials in 2020

One wheat and four soybean sites harvested in 2020
Wheat site had herbicide drift that influenced results

FP+50 increased soybean yields at one site and
produced similar yields at three sites compared to FP

P&K tissue levels generally were higher in FP+50
compared to FP

Fall soll tests indicate that FP+50 was building P and K
levels compared to FP
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Questions

\1/
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JOTBEAN T hgrcufurl Frtlzer Researeh & Education Gouncl

RESERRCH & PROMOTION COUNCIL

INNESOTA WHEAT

/
gé RESEARCH & PROMOTION COUNCIL
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Project sponsors include: AFREC, MN Soybean Research & Promotion Council, MN Wheat Research & Promotion Council, U of MN, Magnusson Research Farm and Farmer cooperators.


Contact Information

Missy Carlson  Dave Grafstrom
MN Wheat  Email: Grafs010@umn.edu
Email: « Cell: 320-293-8722

mcarlson@mnwheat.com
Office: 218-253-4311 x8
Cell: 952-738-2000
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