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Acres of Crops in 2017
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Wheat - Summer fallow

Over 3 million acres of fallow
in Mon‘rana in 2016
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Efficiency of water storage in a winter
wheat-fallow system.

July
(Harvest) September May September
Stage |

| 2.5 mo | | |

10 to 35%
Precipitation stored

50 to 85%
Precipitation stored

-4 to 5%
Precipitation stored

High air temperature
Soil surface at WP

Low air temperature
Soil surface at FC
Lower soil at WP

High air temp.
Soil profile at FC

Copied from Peterson and Westfall (2004).
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The Secret of NT's Success?
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Clcan tillape Redoced tillagy No tillage
Fig. 1. Inches of stored water in the top 3 ft of soil under clean-till
(Clean tillage), reduced-till (Reduced tillage), and no-till (No-tillage)
management pnior to seeding spnng wheat following field pea and
spnng wheat in April dunng 2004 and 2005 at Dickinson, ND.




Bozeman Denton Dutton
6rain yield % Fallow 6Grain yield % Fallow 6Grain yield % Fallow
- bu/ac - - bu/ac -
Fallow 37 -- 21
Pea 33 89
Flax 33 89
Wheat 28 76

Sunflower

6
5
7
Chickpea 31 84 5
7
Millet 7

Miller, P.R., and J.A. Holmes. 2005. Cropping sequence effects of four broadleaf crops on four cereal crops in the
northern Great Plains. Agron. J. 97:189-200.

http://www.bigskyseeds.net/wp-content/uploads/2014/09/Montech-4152-Yellow-Pea-seed-production-field.jpg



Annual Cropping VS. Wheat-Fallow

Crop and 8 year % of
Rotation _ 1983 1984 1987 1988 1989 average fallow

Wheat Yields on:

Fallow

Continuous recrop 38.5 Xl
No-till continuous  39.0 20.4
Sunflower stubble  46.| 21.4

Corn stubble 47.2 322

Barley Yields on:
Sunflower stubble  64.8 36.3

Corn Yields on Wheat stubble:
Grain (bu/a) 72.6 124
Silage (ton/a) 10.3 8.9

Sunflower on:
Wheat stubble(lb/a) 1784 1664

E. Vasey, 1993, NDSU Ext. Serv. Bul. EB-59, Fargo, ND.
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Technology Improvements
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Annual Cropping VS. Wheat-Fallow

Carr et al., 2001, Can. J. Plant Sci.
81:399-404

Crop and B year % of
Rotation 1987 1988 average fallow

kg/ha  y - yIELD § = SOIL MOISTURE DEPTH

4000
3500
Wheat Yields on:
Fallow

Continuous recrop
No-till continuous
Sunflower stubble
Corn stubble

3000

2500

2000

1500

1000

Barley Yields on:
Sunflower stubbie

500

Corn Yields on Wheat stubble:
Grain (bu/a) 72.6 724
Silage (ton/a) 10.3 8.9

Sunflower on:
Wheat stubble(lb/a) 1784 1664

0

E. Vasey, 1993, NDSU Ext. Serv. Bul. EB-59, Fargo, ND.
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Rotation And Tillage Systems
(RATS)

Wheat yields

il

Con-till No-till

OFallow @Spring Wheat B Winter Len B Winter Pea




No-till adoption possible SOC capture and retention

strategy

Post et al., 2012, Front. Ecol. Environ. 10:554-461.




- 120.11-69.55d +13.10d* r’=0.85
T~<"103.67-59.98d+11.47d*7=0.89

95.13-49.81d+8.57d*°r“=0.93

30 to 60 60 to 90
Soil depth (cm)

Figure 1. Soil organic carbon mass per unit area at O- to 30-cm, 30-to 60-cm, and 60- to 90-cm depth increments in long-

NDS' | term clean-till (CT), reduced-till (RT), and no-till (NT) plots at Dickinson in southwestern North Dakota, USA.

North Dakota State University

ND Agricultural

Experiment Station




No till can result in cooler soil
temperatures in the spring



Another NT plug ..

Tillage or no-tillage: Impact on mycorrhizae

"... AM hyphae, which over
wintered in the field remained
viable as inoculum in spring and
that disturbance of these
hyphae in spring reduced
colonization and P uptake in
the following crop.”
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Impact of Rotation on Weeds
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W-F :1W 1C:2W  2C:1W  2C:2W

Ratio of cool-season (C) crops
to warm-season (W) crops

R.L. Anderson. 2008. Diversity and no-till: Keys for pest management in the U.S. Great Plains. Weed Sci. 56:141-145.



Wheat Rotations
Summary

Yield Depression
(Differences between fumigated and natural soil)

One-year Two-year
Continuous break break
0% . .
-5%
-10%
-15%
-20%
-25%
-30%
-35%
-40%
-45%

Soil fumigation (29 fields)

Ashley, R.O., et al 2000



Rotation And Tillage Systems
(RATS)

Spring wheat yields

. m

Con-till No-fill

Millet @ Winter Wheat




Intensification/Diversification
Challenges

Demands high level of management skill
(more crops, more markets, more pests,
more ...)

10% 70%
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Impact of tillage on soil pH
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Fig. 5. Influence of tillage system on soil pH.Black circles: no-till (NT); open
triangles: mouldboard ploughing (MP).Error bars indicate standarderror.

I. Martinez et al. 2016. Soil & Tillage Research 163:141-151.



Cool-season Cool-season
cereals broadleaves

wW -
Warm- Dryland e

cereals C r'op broadleaves
Choices

Forages

Cover crops
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Winter wheat grain yield following five warm-season crops and
spring pea grown for cover, forage, and grain at Moccasin, MT
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cC OR GR

O Sunflower E Corn E WS cocktail

B Hungarian millet B Proso millet [ Spring pea
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Weed suppression Increased SOC

Nitrogen retention

Nitrogen supply

http://organicgrowersschool.org/wp-content/uploads/2016/12/Gabe -Brown-in-Corn-Field. jpg




Inches Total soil water in the surface foot of soil at CC termination

4.0

Big Sandy Box Elder Joplin  Sunburst Oilmont  MEAN

W Fallow O Cover crop

Inches Total soil water in the surface foot of soil at wheat seeding

4.0

M

Big Sandy Box Elder Joplin  Sunburst Oilmont  MEAN

W Fallow O Cover crop
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o on J.K. O'Dea, P.R. Miller, and C.A. Jones. 2013. Journal of Soil & Water
Conservation 68:270-282.




Total soil water in 1 Yo 2 ft depth at CC termination
Inches

4.0

Big Sandy Box Elder Joplin  Sunburst Oilmont  MEAN

W Fallow O Cover crop

Total soil water at a 1 to 2 f+ depth at wheat seeding

Inches
4.0

M

Big Sandy Box Elder Joplin  Sunburst Oilmont  MEAN

MONTANA H Fallow O Cover crop
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o on J.K. O'Dea, P.R. Miller, and C.A. Jones. 2013. Journal of Soil & Water
Conservation 68:270-282.




Wheat yield across five locations in north central Montana
bu/acre

80

Big Sandy Box Elder  Joplin  Sunburst OQilmont  MEAN

B Fallow 0O Cover crop
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Wheat yield at Akron CO, and Sydney, NE, during 2013-14

bu/acre

80

B Mixture O Single spp.

Akron Sydney  Sidney  Average
2014 2013 2014




What will research program look like in
the future?
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Optimistic people play a disproportionate role in shaping
our lives.. [They are] not average people [and] got to
where they are by seeking challenges and taking risks.

Daniel Kahneman, psychologist
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