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A few Montana farmers were persuaded 
by Jim Sims to incorporate legume cover 
crops for use as early-spring pasture into 
their cropping systems. 



Alfalfa 
6 standard “purple”cultivars and 1 yellow-

flowered   

Clovers  
alsike, arrowleaf, balansa, berseem, 
crimson, kura, ladino, Persian, red, yellow- 
and white-flowered sweetclover  

Medics  
barrel, black, burr, M. rigulata, snail 

Vetches 
chickling, cicer milk-, crown, hairy, purple, 
woolypod 

Others 
black lentil, Austrian winter pea, birdsfoot 
trefoil, foxtail dalea, fenugreek, roughpea, 
sainfoin 



Forage crop Cultivar 1999 2000 Total 2000 2001 Total 2001 2002 Total 

Birdsfoot trefoil 2.3 a 2.0 ab 4.3 2.1 a 2.9 a 5.0 1.8 a 2.5 ab 4.3 

Black medic George 3.7 a 0.9 b  4.6 2.6 a 1.6 a 4.2 2.7 a 0.2 a 2.9 

Red clover Red Gold -- -- 2.6 a 1.9 a 4.5 2.6 a 4.9 b 7.5 

Alfalfa Ladak 3.6 a 3.8 a 7.4 2.6 a 5.9 b 8.5 3.1 a 4.2 b 7.3 

-------------------- Mg/ha ------------------ 

Letters differing in columns indicate differences between forage crop treatments at    

  P  < 0.05 level using the REGW multiple range test. 

Table 1. Dry matter yield of forage produced by legume forage crops in the seeding 

           year & after natural reseeding at Dickinson, ND.  

            

Site 1 Site 2 Site 3 



Legume species Cultivar 

Austrian winter pea (fallow) -------------- 3501 a  1007 a 2162 a  

Alfalfa Ladak 1381 b 1306 a 952 bc 

Birdsfoot trefoil Norcen 1944 b 884 a 1006 bc 

Black medic George 3634 a  1150 a 939 bc 

Red clover Red Gold -- 1203 a 1204 bc 

Mean  2469  1194 1330 

CV (%)  8.2  34.5 21.2 

    -------------  kg/ha      ------------ 

Spring wheat grain yield following five forage legumes 

Yield 

2001 2002 2003 

Following-crop wheat yield reduced 
from 0 to 57%  



• Carr, P.M., W.W. Poland, and L.J. Tisor. 2005. Forage legume 
regeneration from the soil seed bank in western North Dakota. Agronomy 
Journal 97:505-513.  
 

• Carr, P.M., W.W. Poland, and L.J. Tisor. 2005. Natural reseeding by 
forage legumes following wheat in western North Dakota. Agronomy Journal 
97:1270-1277. 



LEY FARMING: A SYSTEMS APPROACH  

TO INTEGRATING CROP AND LIVESTOCK ENTERPRISES 

  
Patrick M. Carr1, James Krall2, Ken Kephart3, and Jeff Gunderson1  

1North Dakota State University Dickinson Research Extension Center  
2University of Wyoming  James C. Hagemen Research Extension Center  

3Montana State University Southern Agricultural Research Center  

Variety North Dakota  South Dakota  Montana Wyoming 
  2005 2006 2005 2006 2005 2006 2005 2006‡ 
Rigid Medic                 
Till/Broadcast 0a§ 2153a 1680a -- 497a 805a -- 2900a 
No Till/Drilled 0a 1870a 2280a -- 1733a 1131a -- 3381a 

Trefoil                 
Till/Broadcast 146a 1139a 534a -- 1447a 169a -- 101b 
No Till/Drilled 331a 1288a 1030a -- 1161a 258a -- 223a 

Mean rigid medic and birdsfoot trefoil (Trefoil) yields (lbs/ac) depending on tillage and seeding 
method for the four project locations. 

 

†Rigid medic fall seeded and trefoil spring seeded, except in ND 2006 and MT and SD 2005, 
where all treatments were spring seeded.  
‡Irrigated trial. 
§Values with the same letter within each column and each variety are not significantly different 
at p = 0.05. 



Variety 
Mean % of 

grazing 
Black medic   34a† 
Alfalfa 25b 
Trefoil 20b 
White 
sweetclover 

20b 

Mean percent of time spent grazing on each 
variety based on visual observations during the 
three grazing studies in North Dakota. 

  Wheat Yield 
Previous Crop 2004 2005 2006 
  –––––––– lb/ac –––––––– 
Pea 2152a† 2559a  2190a  
Alfalfa 1241c 2331a 1922a 
Birdsfoot 
Trefoil 

1643b 2212a  1427a 

Difference in wheat yields depending on 
previous years crop in the North Dakota 
ley farming experiment. 

Yield reduced 24%  



Use of annual forages in beef cattle production systems: Effects 
on agronomics, livestock performance, and soil health 

• 4-, 5-, and 9-crop 
mixtures 
 

• Seeded at 30-d post-
emergence, at heading, 
and immediately after 
harvest 

  Forage yield (lbs/acre) 

Treatment 2009 2010 2011 

4-species mixture 0 0 162 

5-species mixture 0 0 1080 

9-species mixture 0 0 570 

Mean 0 0 604 

CV % - - 79 

LSD - - 598 



Adequate amounts of GSP required 

o Total annual precipitation: < 15 inches in 2000, 2003, 2004); 
> 18 inches in 2001, 2002, and 2005  

o 1.7 inches received between June 1 and August 1 in 2006, 
2.5 inches in 2007, and 3.7 inches in 2008   

0.00

1.00

2.00

3.00

4.00

5.00

6.00

7.00

8.00

9.00

Overwinter April May June July August

2000

2001

2002

2003

2004

2005

30-yr average

inches  

Critical period 



There are limited heat units available for growing cover crops in 
North Dakota when seeded after grain or seed harvest    

•Frost-free period (Padbury et al., 2002)  
      
Dickinson, ND USA    124 
Brandon      123 
Lethbridge      117  
Swift Current    114 
 

 



Organic Cover Crop Studies 

Impact of cover crop termination method and species or species mixture on dry matter 
production of cover crops (CC) and weeds during over four years at Dickinson, North Dakota, 
USA.  

kg ha-1 

2007-08 2008-09 2009-10 

Tillage treatment CC Weed   CC Weed   CC Weed 

Cover crop 

Hairy vetch (HV) 1728 c 584 a 702 c 1689 b  1633 a 2436 a 

Winter rye (WR) 3615 a 153 b 4919 a 75 a 4052 b 640 b 

Winter wheat 
(WW) 

4113 a 274 b 3182 b 460 a 3821 b 800 b 

HR + WR 3535 a 286 b 4716 a 297 a 4039 b 717 b 

HV + WW 2765 b 172 b   3052 b 342 a   3554 b 991 b 



Carr, P.M., W.W. Poland, and 
L.J. Tisor. 2012. Organic zero-
till in the northern US Great 
Plains region: Opportunities and 
obstacles. Renewable Agriculture 
and Food Systems 27:12-20.  
 



  

 

 

    
Forage yield 
(lbs/acre) 

Cover crop Termination 2009-10 2010-11 

----- lb/ac ----- 

Hairy vetch Disk 3489 3987 

Hairy vetch Roller 6659 3716 

4-crop mix Disk 2828 2217 

4-crop mix Roller 2944 2539 

Spring rye Disk 3175 3757 

Spring rye Roller 2939 3414 

Winter rye Disk 5344 3498 

Winter rye Roller 6145 5280 



Cover crop challenges in western 
North Dakota 
 

• Consistent establishment 
 

• Adequate growth 

• Impact on subsequent crops 



spring wheat spring wheat spring wheat spring wheat 1

spring wheat cspulse/cc spring wheat cspulse/cc 2

corn corn corn corn 1

corn wspulse corn wspulse 2

spring wheat winter wheat barley cspulse 4

spring wheat barley cspulse corn 4

spring wheat winter wheat corn canola 4

spring wheat corn corn cspulse 4

spring wheat corn cspulse sunflower 4

Market Market Market Market 4

30

Soil Health    
Cover crop  
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Patrick M. Carr 
North Dakota State University 

Dickinson Research Extension Center 
1041 State Avenue 

Dickinson, ND 58601 
Email: Patrick.Carr@ndsu.edu 

701.483.2348 ext 143 


