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However, diversified cropping systems may improve water use and 
water use efficiency, soil quality, weed management, and crop yield 
and quality. 

Materials and Methods
A field trial was initiated in 2004 near Sidney, MT, comparing 
four crop rotations, with each component in a two-by-two matrix of tillage 
(conventional vs. zero tillage) and management (conventional vs. ecological) systems.  
Rotations are continuous spring wheat (SW), SW-pea, SW-barley hay-pea, and SW-
barley hay-corn-pea.  Ecological management practices vary by crop and are designed 
to improve competitiveness with weeds and snow capture.

Results
After four years, the main effects of rotation and management system were significant 
for grain yield of SW and pea (Tables 1 & 2).  SW grain yield was greater in the two-
year rotation with pea compared to continuous SW, but additional yield was not 
gained by planting SW every third or fourth year.  Continuous SW had the lowest 
reproductive tiller density.  Pea yield was 

-1350 kg ha  greater following barley or corn than spring wheat, primarily due to more 
2pods m .  Ecological management of forage barley concomitantly increased crop yield 

and decreased weed biomass (Table 3).  Corn under Ecological management had a 
2great density of ears m , but the decreased seed no. ear and seed weight resulted in 

similar yields between the two management systems 
(Table 4).  

All three- and four-way interactions for yield and yield components were non-
significant.  The significant two-way interactions for spring wheat and pea yield are 
presented in Figures 1-5.

Available water, decreased soil quality, weed competition and plant 
diseases constrain dryland crop production in the northern Great Plains.      

The first 4-year cycle of this long-term study document that diversified 
rotations improve spring wheat and pea yield, in part by increasing 
pod and reproductive tiller densities.

in Diversified Dryland Cropping Systems
Figure 1.  
Spring wheat 
yield in two 
tillage systems 
and four years
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Figure 2. 
Spring wheat 
yield in two 
management 
systems and four 
years, Sidney, 
MT.

Figure 3.
Spring wheat 
yield in four 
rotations and 
four years
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Figure 4.  
Pea yield in two 
tillage systems 
and four years
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Figure 5.  
Pea yield in 
three rotations 
and four years
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Table 4.
Mean yield and 

yield components 
of corn, 2005-

2008. Sidney, MT.

Table 3.
Mean yield and 

yield components of 
barley hay, 2005-
2008. Sidney, MT.

Table 2.
Mean yield and 

yield components 
of pea, 2005-2008. 

Sidney, MT.

Table 1.  
Mean yield and 

yield components 
of spring wheat, 

2005-2008. 
Sidney, MT.

Conclusions

Problem:

Grain Biomass HI Heads Seed Seed wt 

Tillage system

 

kg ha-1

  

# m2

 

# head-1

 

mg seed-1

 

   Conventional till

 

2188

 

6175

 

0.38

 

323

 

28.7

 

26.2

 

   Zero till

 

2252

 

6385

 

0.36

 

345

 

28.7

 

26.0

 

Management system

       

   Conventional

 

2601 a

 

6982 a

 

0.41 a

 

328

 

30.7 a

 

27.2 a

 

   Ecological

 

1839 b

 

5578 b

 

0.33 b

 

340

 

26.6 b

 

25.0 b

 

Rotation

       

   Continuous wheat

 

1755 b

 

5436 b

 

0.36 b

 

300 b

 

27.2 b

 

24.8 b

 

   SW-pea

 

2319 a

 

6351 a

 

0.38 a

 

327 b

 

29.3 a

 

26.6 a

 

   SW-barley hay-pea

 

2449 a

 

6754 a

 

0.37 a

 

370 a

 

29.6 a

 

26.5 a

 

   SW-barley hay-corn-pea

 

2356 a

 

6578 a

 

0.37 a

 

339 ab

 

28.5 a

 

26.4 a

 

Year

       

   2005

 

3318 a

 

6948 b

 

0.55 a

 

467 b

 

30.0 b

 

32.0 a

 

   2006

 

2093 c

 

7714 a

 

0.27 c

 

564 a

 

30.9 ab

 

22.5 d

 

   2007

 

2468 b

 

7869 a

 

0.31 c

 

198 c 

 

31.7 a

 

25.8 b

 

   2008

 

1002 d

 

2588 c

 

0.36 b

 

107 d

 

22.0 c

 

24.1 c

 

 

Grain
 

Biomass
 

HI
 

Pods
 

Seed
 

Seed wt
 

Tillage system

 

kg ha-1

  

# m2

 

# pod-1

 

mg seed-1

 

   Conventional till

 

1808

 

5349

 

0.32

 

304

 

3.7

 

184

 

   Zero till

 

1755

 

5354

 

0.32

 

300

 

4.0

 

184

 

Management system

       

   Conventional

 

1684 b

 

5151 b

 

0.32

 

289

 

3.8

 

182 

 

   Ecological

 

1879 a

 

5553 a

 

0.32

 

316

 

4.0

 

186

 

Rotation

       

   SW-pea

 

1551 b

 

4694 b

 

0.32

 

272 b

 

3.7

 

181

 

   SW-barley hay-pea

 

1897 a

 

5728 a

 

0.32

 

332 a

 

4.2

 

184

 

   SW-barley hay-corn-pea

 

1897 a

 

5633 a

 

0.32

 

303 ab

 

3.7

 

187

 

Year

       

   2005

 

2193 b

 

53176 c

 

0.43 a

 

290 b

 

4.5 a

 

211 a

 
   

2006

 

1959 c

 

6329 b

 

0.31 b

 

313 b

 

4.4 a

 

185 b

 

   2007

 

2471 a

 

7182 a

 

0.35 b

 

412 a

 

3.8 a

 

177 b

 

   2008

 

  504 d

 

2580 d

 

0.19 c

 

194 c

 

2.7 b

 

163 c

 
 

  

Biomass
    

 

Crop 

 

Weed 

 

Total

 

Tillers

 

Tiller wt

 

Tillage system

 

kg ha-1

 

# m2

 

g tiller-1

 

   Conventional till

 

4724

 

385

 

5109

 

550

 

0.9

 

   Zero till

 

4979

 

281

 

5259

 

555

 

0.9

 

Management system

      

   Conventional

 

4504 b

 

431 a

 

4935 b

 

511

 

0.9

 

   Ecological

 

5199 a

 

234 b

 

5433 a

 

594

 

0.9

 

Rotation

      

   SW-barley hay-pea

 

5010

 

219

 

5229

 

563

 

1.0

 

   SW-barley hay-corn-pea

 

4693

 

446

 

5139

 

542

 

0.9

 

Year

      

   2005

 

5260 b

 

716 a

 

5976 b

 

700 a

 

0.8 c

 

   2006

 

5107 b

 

447 ab

 

5555 b

 

353 c

 

1.4 a

 

   2007

 

6894 a

 

  93 c

 

6987 a

 

665 a

 

1.0 b

 

   2008

 

2145 c

 

  74 c

 

2219 c

 

492 b

 

0.4 d

 
 

 
Grain
 

Biomass
 

HI
 

Ears
 

Seed
 

Seed wt
 

Tillage system

 

kg ha-1

  

# m2

 

# ear-1

 

mg seed-1

 

   Conventional till

 

2054

 

7090

 

0.29

 

3.9

 

226

 

211

 

   Zero till

 

2619

 

7281

 

0.38

 

4.1

 

276

 

208

 

Management system

       

   Conventional

 

2416

 

7017

 

0.36

 

3.6 b

 

277 a

 

215 a

 

   Ecological

 

2257

 

7354

 

0.30

 

4.4 a

 

225 b

 

204 b

 

Year

       

   2005

 

3538 a

 

11296 a

 

0.31 b

 

5.4 a

 

275 b

 

240 a

 

   2006

 

2901 b

 

  6645 b

 

0.44 a

 

3.5 c

 

348 a

 

209 b

 

   2007

 

1897 c

 

  6735 b

 

0.28 b

 

4.5 b

 

163 d

 

219 b

 

   2008

 

1010 d

 

  4065 c

 

0.29 b

 

2.7 d

 

219 c

 

169 c

 
 


