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Grain-type IWG domestication progress
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Grain-type IWG croppingsystem interest

Image courtesy of Jacob Jungers

Prevents solil erosion (Kantar et al., 2016)
Promotes soil C accrual (van der Pol et al., 2022)

Reduces nitrate leaching (Reilly et al., 2022; Jungers et
al., 2019)

Fewer inputs than annual crops (Bajgain et al., 2020)

Earns price premiums (Lanker et al., 2020)



IWG establishment & growth
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IWG cropping cycle
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Grainyields decline as IWG stands mature
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Product sales
include:

1) Grain

2) Straw

3) Forage
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Research objective




Research questions

Did grazing reduce




ernza Dri\“ﬁkizng‘\f\éater

Thunder
! . R, Bay
\  Protection Map™ "
\ P
5 '
Fafgo /

o
o

Sy et
L

~
™%
‘.._%

/
]
neapolis

Olmsle

Sioux Falls

Madison

Elk River

Ramsey

Minneapolis

Eau Claire
Lla_kewlmaisg.ta‘
S
Nicolletgil® Steur ®Rice
tj Faribault
Mankato ¥
winona
Wasecq Steele | Dodge | restesiected R a\
s LBE'I'OSSE
Freabarn astidMower Fillmore Houston
®
C O C C C ad [J -0 ' @
O¢c @
C-aVverdde c . Olfs () ] ("
C U el AVEIldJE 2



Materials & methods: Experimental design

 RCDB with 3 reps
* 0.8 ha paddock with 60 mA2
exclosure
* Treatments: Agronomic systems

Grain production (GP) vs. dual use (DU) systems

Paddock 1 Paddock 2

Paddock 3

DU

DU
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Materials & methods: Experimental design

e RCDB with3 reps Paddock 1 Paddock 2 Paddock 3

* 0.8 ha paddock with 60 mA2
exclosure
* Treatments: Agronomic systems

Grain production (GP) vs. dual use (DU) systems

* Mob grazed by 31 cow-calf pairs (~1.7 AU) plus 2
heifers (~1.3 AU each), at a stocking density of 560
kg ha-1, for 5-12d




Materials & methods: Data collection

EH

Farmer expenses and
revenues

Paddock 1

Pre-graze/
pre-harvest biomass
collection
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Materials & methods: Statistical analysis

* Rversion4.3.2 (R Core Team, 2023)

* Linear mixed effects model usingnlme package (pinheiro etal., 2023)
* Fixed effects: stand age X agronomic system (X season)
 Random effects: rep X experimental unit
 Variance function structure (grain yield): stand age
« Covariance structure (forage yield): season

* Pairwise comparisons of estimated marginal means with emmeans
version 1.9.0 (Lenthetal., 2023)
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Results




Grazingreduced grainyield in 1 out of 3 years
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Straw yield trends reflected grain yield
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Forage yield (Mg ha'1)
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Straw and forage sales contributed to
profits by year 2

Net return to enterprise
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Grain production only had lowest revenues

Grain only |Grain+Straw [Dual Use
Yields & Revenue ha-1 yr-1
|Grain, kg total uncleaned 615 615 434
|Grain Sold (total value, 2019=%$2.20 kg-1; 2020, 2021= |
$3.30 kg-1) $1,907 $1,907 $1,310 -597
Straw, kg total 83% dry matter, avg RFV=80 0 5,114 5,114
Straw (total value, $0.11 kg-1 as fed) $0 $563 $563 + 563
I
|Grazed Forage, kg total dry matter, avg RFV=106 0 0 1,483
|Grazed Forage (total value, $0.15 kg-1 dry matter) $0 $0 $200 222
Total Revenue $1,907 $2,469 $2,094
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Grain+straw production generated greatest profit

Net return to Enterprise
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Net Return (USD ha™’

.. although DU was profitable in year 2
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(USD ha™)

Net Return

2) Straw sales
contributed to earlier and

greater net returns
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DU may be best suited to operations that
already have cattle
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Other findings for nutritive
value, herbage intake, forage

utilization not presented today vernzas Perennial Grain

® Intermediate Whea tgrass
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Dual use had highest expenses

32

Grainonly |Grain+Straw  |Dual Use

Expenses ha-1 yr-1

Land Cost (rent=$494 ha-1 yr-1) $494 $494 $494
Seed (12 kg ha-1 @ $24.20 ha-1) $83 $83 $83
Planting, no-till ($61.75 ha-1) $18 $18 $18
Fertilizer (37,854 liters liquid dairy manure) $89 $89 $89
\Weed Control $55 $55 $55
Fencing $0 $0 | $36|
Water $0 $0 | $30|
Grain Harvest ($136 ha-1) $117 $117 $117
Grain Handling & Storage ($0.07 kg-1) $43 $43 $30
Straw Harvest $0 $144 $144
Grazing Cost, labor $0 $0 L ss9l
Management cost $214 $214 $214




Results: Total annual biomass
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Materials & methods: Data collection

2018 2019 2020 2021 2022
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Minnesota 2013 Land Cover and Impervious
Surface Area

Land use in Minnes ota

* 51% of total land area is

agric ultural (Mn Board of Water & Soil
Resources)

* >99% of all acres planted and
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* Corn & soybean account for 87% of
acres planted

* 15% more acres plantedin corn
than in soybean
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The’Land of 10,000 ¢
(impaired) Lakes’
e ~30% of water bodies

deemed impaired, with 6,349
impairments (MpPCA, 2024)

Superior

* Nitrate leachingand
phosphorus loading from

agricultural activities (Minnesota
Nutrient Reduction Strategy, Wall et al., 2014)

Wisconsi



Works cited

* Slide 2
* University of Minnesota. (n.d.). Minnesota Land Cover Classification and
Impervious Surface Area by Landsat and Lidar: 2013 update - Version 2.
Minnesota Geospatial Commons. https://gisdata.mn.gov/dataset/base-
landcover-minnesota
* Minnesota Board of Water and Soil Resources. Agricultural Land. Agriculture in
Minnesota. https://bwsr.state.mn.us/agricultural-lands

* Slide 3

* Minnesota Pollution Control Agency. (2023, November 14). Minnesota adds
impairments in 54 streams and lakes to 2024 impaired waters list, fewest
additions in recent years. News and stories. https://www.pca.state.mn.us/news-
and-stories/minnesota-adds-impairments-in-54-streams-and-lakes-to-2024-
impaired-waters-list-fewest-in-years

* Wall, etal., 2014. The Minnesota Nutrient Reduction Strateg)/. Retrieved
6/10/2024. https://www.pca.state.mn.us/sites/default/files/wqg-s 1-80.pdf

37


https://gisdata.mn.gov/dataset/base-landcover-minnesota
https://gisdata.mn.gov/dataset/base-landcover-minnesota
https://bwsr.state.mn.us/agricultural-lands
https://www.pca.state.mn.us/news-and-stories/minnesota-adds-impairments-in-54-streams-and-lakes-to-2024-impaired-waters-list-fewest-in-years
https://www.pca.state.mn.us/news-and-stories/minnesota-adds-impairments-in-54-streams-and-lakes-to-2024-impaired-waters-list-fewest-in-years
https://www.pca.state.mn.us/news-and-stories/minnesota-adds-impairments-in-54-streams-and-lakes-to-2024-impaired-waters-list-fewest-in-years

IWG grain cropping system outcomes

 Fewer inputs than annual crops (Bajgain et al., 2020)
* Prevents soll erosion (Kantar et al., 2016)

* Promotes soil C accrual (van der Pol et al., 2022)

* Reduces nitrate leaching (Jungers et al., 2019)

« Earns price premiums (Lanker et al., 2020)

« Lower yields than whegk (Law et al., 2022) 2019 2020
Annual IWG Annual IWG Annual IWG
Soil solution NOZ -N (mg L! _ 22.1a 0.8b 7.8a 0.3b

Grain yield (Mg ha™1) 3.05a 0.85b 7.33a 0.43b 1.98a 0.22b

Biomass yield (Mgha ™) 585 LIRS Y SR

Crops in the annual system were soybean, corn and soybean in 2018, 2019, and 2020, respectively. Soil solution NO; -N were averaged across depths. Lower-case letters denote statistical

significance between treatments at P < 0.05 within each year.

Reillyetal., 2022
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Results: Herbage intake & Forage utilization
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Discussion

* Grain earned the highest price but produced the lowest yield, the
opposite was true of the straw

* Some discrepancy between experimental grain yields and grain
sales
* Year 4 straw yields

* Actual: 12,700 lbs valued at $1,400
* Experimental: No straw data

* Year 2 grainyields:
* Actual: 943 kg sold in both GP and DU
* Experimental: GP grainyield >DU grainyield
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Mitigation strategy: Graze vegetative regrowth
for forage
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