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Cover Crops for Montana
KENT A MCVAY
CROPPING SYSTEMS SPECIALIST
MONTANA STATE UNIVERSITY

Why Cover crops?

Soil quality

Grow Nitrogen (following legumes)

Reduce leaching losses

Break-up hard pans

Increase water holding capacity

Increase turnover rate of Nitrogen 

Cereal rye cover for prevention of 
leaching losses and soil erosion

Source: https://www.pioneer.com/home/site/us/agronomy/library/managing-winter-cover-crops/#benefits

Improve soil water holding capacity

On average 50% Pore space 50% solids Soils Consist of Various 
Size Particles

Sand (>.05 mm)

Silt (.002-.05 mm)

Clay (<.002 mm)

Soil is a Mixture

Organic matter

Microbes
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Soil Types

Sand, Silt and Clay
◦ Coarse sand 0.5-1.0 mm

◦ Find sand 0.10 – 0.25 mm

◦ Silt .002-.050 mm

◦ Clay < .002 mm

clay  .

silt
fine sand

coarse sand

Soil 
Types

Soil Structure

Created by
biological activity

◦ Roots

◦ Earthworms

◦ Decomposition

◦ Microbes

◦ Fungi

Developed over many years 
(100’s-1000’s)
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Available Water for Different 
Soil Textures

Textural Class in/foot

Coarse sand 0.25 – 0.75

Find sand 0.75 – 1.00

Loamy sand 1.10 – 1.20

Sandy loam 1.25 – 1.40

Fine sandy loam 1.50 – 2.00

Silt loam 2.00 - 2.50

Silty clay loam 1.80 – 2.00

Silty clay 1.50 – 1.70

Clay 1.20 – 1.50

Source: Soils – Part 2, Plant & Sciences eLibrary, UNL

Cover crops
We have lots of data on the effect of single species cover 
crops

◦ In humid areas they work great!
◦ Scavenge nutrients

◦ Minimize leaching losses

◦ Keep soil covered for erosion control

◦ Weed suppression 

◦ In semi-arid area
◦ It’s always a trade for water

◦ Difficult to fit into existing rotations (economically)

We have much less data on multi-species effects
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Nitrogen benefit of cover crops
Nitrogen production by cover crops averaged 
over 6 site years, 1985-87, Georgia
Cover Crop Biomass N concentration N content

Lbs/acre % Lbs/acre

Hairy vetch 3065 a 3.9 a 114 a

Crimson clover 3164 a 3.2 b 96 b

Wheat 1585 b 1.7 c 29 c

Source: Winter legume effects on soil properties and nitrogen fertilizer requirements. 1989. McVay, K.A., D.E. Radcliffe, W.L. Hargrove. 
Soil Sci. Soc. Am. J. 53:1856-1862.

*Means with the same letter are not significantly different according to Fisher’s LSD at the 0.05 level of 
probability.

Changes in soil physical properties after 3 
years of a sorghum/cover crop rotation.
Cover Crop Mean infiltration rate 

(in/hr)
% Stable aggregates

Hairy Vetch 2.3 a* 36.7 a

Wheat 1.7 b 32.6 ab

Fallow 1.5 c 28.9 b

Source: Winter legume effects on soil properties and nitrogen fertilizer requirements. 1989. McVay, K.A., D.E. Radcliffe, W.L. Hargrove. 
Soil Sci. Soc. Am. J. 53:1856-1862.

*Means with the same letter are not significantly different according to Fisher’s LSD at the 0.05 level of 
probability.

Impact of soil structure on infiltration
https://www.youtube.com/watch?v=09k8gOSLO9k

How are mixed species cover crops 
different from single species?
Greater diversity of biomass returned. 

◦ oilseeds

◦ root crops

◦ legumes

◦ grasses

Mixing may enhance decomposition

May provide faster turnover of nutrients

May provide a better environment for soil animals and other species
◦ Earthworms

◦ Arthropods

◦ Fungi

◦ Bacteria

Decomposition rates of full mixture (right) is 
1.25x  greater than the sum of the parts (left) 

Collins et al., Decomposition and interactions among wheat residue components. 1990. Soil Sci. Soc. Am. J. 54:780-785.

https://www.youtube.com/watch?v=09k8gOSLO9k
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Decomposition of plant mixtures

Estimate Significant
interactions

# of trials

Mass Loss 67% 108 of 162

Nutrient Dynamics 76% 94 of 123

Decomposer abundance 55%

Decomposer activity 65%

Decomposition dynamics in mixed species litter. 2004. Gartner, T.B., and Cardon, Z.G. Oikos 104:230-246.

In a summary paper of over 30 studies, the estimate of change in a mixture was not predictable 
from the estimate determined on behavior of individual components 

Multi-Species cover crop study -- Huntley

•Dryland

•Cover crops planted in May 2014. Terminated in fall

•Spring barley planted across plots in 2015

•4 Nitrogen Rates: 0, 20, 40, and 60 lbs/acre

•A second site was established spring 2015 for cover crops

Treatment Species Target Population Plants/ft2

grasses barley 17
forage sorghum 1.5

legumes soybean 4.5
dry pea 9

taproots safflower 6.5
turnip 6

Check Chem Fallow 0
Mixes Mix minus grass Target of each/4

Mix minus 
legumes Target of each/4
Mix minus 
taproots Target of each/4
Mix All Target of each/6

Huntley Cover Crop Study Design Year 1
Cover crops planted N-S

Year 2
Barley planted E-W

Strip – strip plot design

Plots 15’ wide by 60’ long

•Seeded with SeedMaster
•Barley and N fertilizer placed in separate bands
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Sorghum sudan
Safflower

Mix minus grasses Purple top turnip?

Mix minus taproots Chem Fallow
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Barley crop, spring 2015
Late July, 2015

What should we measure ?
Biomass of each cover

Soil water at beginning of crop year

Soil nitrate following cover crops

Crop response to nitrogen rates

Crop yield/ protein / quality

Soil quality after 2 or 3 cycles ( 4 or 6 years?)
◦ Soil carbon

◦ Water infiltration rates

◦ Soil aggregates

◦ Potentially mineralizable nitrogen

Treatments biomass
-- lbs/acre --

Safflower 2384 a *
Mix minus legumes 2037 ab
Barley 1931 abc
All mix 1814 bcd
Mix minus grass 1792 bcd
Mix minus taproots 1678 bcd
Forage Sorghum 1602 bcd
Pea 1411 cd
Soybean 1265 d
Turnip 29 e
Fallow 0 e

Fall 2014 Cover Crop Biomass Production

* Significance at 0.05 using Fisher’s LSD

Treatments 0 to 6 in 0 to 24 in
------ lbs/acre------

Fallow 17.0 a 41.8 a
Pea 15.5 ab 38.0 ab
Mix minus legumes 15.3 ab 34.0 ab
Barley 15.0 ab 32.3 abcd
Mix minus taproots 14.5 ab 39.3 ab
Turnip 13.0 ab 34.0 abc
Mix all 11.0 ab 24.5 bcd
Forage Sorghum 10.5 ab 18.0 cd
Soybean 9.0 b 17.3 d
Mix minus grass 8.8 b 23.8 bcd
Safflower 8.8 b 28.3 abcd

Spring 2015 soil nitrate content prior to planting 

* Significance for each column at 0.05 using Fisher’s LSD

Treatments Soil Water
-- %--

Fallow 17.2 a
Turnip 16.9 a 
Pea 16.7 ab
Safflower 16.4 ab
Mix minus grass 16.3 abc
Mix minus legumes 16.0 abc
Barley 15.8 abc
All mix 15.6 abc
Mix minus taproots 15.1 bc
Forage Sorghum 14.9 bc
Soybean 14.6 c

Spring 2015 soil gravimetric water contents prior to planting 
(averaged over 24 inch depth)

* Significance at 0.05 using Fisher’s LSD
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Impact of cover crops on barley grain yield
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*Bars with the same letter are not significantly different using Fisher’s LSD at the 0.05 Probability level.

y = -0.0057x + 57.68
R² = 0.4454
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Barley Production 2015 Impact of stored soil water on barley yield

y = 18.904x - 59.441
R² = 0.7379
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Source: Predicting wheat grain yields 
based on available water, 2012. EMO49E, 
Washington State University

~ 7” growing
season
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Treatments 2014 2015
-------- lbs/acre --------

Safflower 2384 a * 6488 b
Mix minus legumes 2037 ab 5559 bc
Barley 1931 abc 1267 fg
All mix 1814 bcd 3718 cde
Mix minus grass 1792 bcd 3147 def
Mix minus taproots 1678 bcd 3999 cd
Forage Sorghum 1602 bcd 11081 a
Pea 1411 cd 1508 efg
Soybean 1265 d 2902 def
Turnip 29 e 237 g
Fallow 0 e 0 g

Cover Crop Biomass Production, Huntley, MT

* Significance at 0.05 using Fisher’s LSD

Weed suppression with cover crops in 
SW Kansas

Published in Crop, Forage & Turfgrass Management

DOI: 10.2134/cftm2014.0078

Kochia density Kochia biomass Cover crop biomass

Cover crop 2008 2009 2008 2009 2008 2009

------- plants/ft2  ------ ----------------------- Lb/acre  -----------------------------

Fall-sown

Austrian winter pea 5.0 c 1.7 a-d 6.2 b 25.0 ab 1232 b 116 c

Austrian winter pea-Winter triticale 1.3 c 0.6 bcd 0.3 b 0.9 b 2910 a 3142 a

Hairy vetch 10.0 b 2.2 abc 17.0 b 29.5 ab 1125 b 0 c

Hairy vetch-Winter triticale 2.9 c 0.5 cd 0.6 b 0.3 b 2740 a 2660 a

Winter triticale 4.0 c 0.5 cd 0.9 b 0.3 b 1232 b 2615 a

Spring-sown

Spring lentil 15.3 a 4.3 a 225.0 a 434.7 a 1437 c-g 304 g-j

Spring lentil-Spring triticale 17.6 a 1.1 b 418.7 a 12.5 b 1651 b-e 794 e-j

Spring pea 12.0 a 4.5 a 319.6 a 118.7 b 768 e-j 1053 d-I

Spring pea-Spring triticale 12.5 a 2.0 ab 264.2 a 12.5 b 2196 abc 1366 c-h

Spring triticale 16.4 a 3.5 ab 218.7 a 150.9 ab 2348 ab 643 f-j

Fallow (no-cover control) 20.4 a† 2.5 a 93.7 a 51.8 a 0 c 0 c

†Means within a year for either fall- or spring-sown cover crop treatments followed by the same letter are not significantly different at P 0.05

level using differences of least square means.

Cover Crop Winter Wheat Yield (bu/a)

2009 2010

Fall-sown

Fallow (no-cover control) 79 f-j 68

Austrian winter pea 87 a-f |

Austrian winter pea-Winter 
triticale

78 f-j |

Hairy vetch 86 a-g |

Hairy vetch-Winter triticale 81 d-I |

Winter triticale 78 g-j |

Spring-sown |

Spring lentil 91 a-e |

Spring lentil-Spring triticale 83 c-h |

Spring pea 85 b-g |

Spring pea-Spring triticale 91 a-d |

Spring triticale 74 hij |

Winter wheat yield on cover crop study, SW Kansas 

Cover crops in Montana
What we know of cover crops:

Soil erosion can be reduced

Nutrient leaching can be lessened

Weed growth can be suppressed

Cover crops use water which can result in reduced yield of grain crops

What we are still learning about cover crops

Soil quality changes need to be quantified

What is the “right” mixture for Montana conditions?

What specific problems need to be addressed through use of cover crops

Kent McVay
Southern Ag Research Center
kmcvay@montana.edu
(phone) 406-348-3400
(cell) 406-860-0238

Any Questions?

mailto:kmcvay@montana.edu

