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Impacts of crop residue removal and dedicated energy 
crops on:  
- Soil physical processes and properties. 
- Water erosion. 
- Wind erosion. 
- Soil carbon sequestration.   

I WILL DISCUSS: 



                                        

                                            

                         
                      

WHY NOT USE 
CROP RESIDUES 
AS BIOFUEL? 

http://europeanclimate.org/wp-
content/uploads/2014/02/WAST
ED-final.pdf 



                                        

                                            

                         
                      

Positive impacts of crop residue removal 
In some soils, crop residue removal may 
promote soil warming, increase seed 
germination, and reduce pest infestations. 

1. Increase water erosion and water 
pollution 

2. Increase wind erosion and air pollution 
3. Remove nutrients, increase fertilizer use, 

and increase N2O emissions 
4. Reduce microbial biomass and activity 
5. Remove C and reduce soil C storage 
6. Reduce water storage 

Excessive crop residue 
removal may: 

1. Blanco-Canqui, H. and R. Lal. 2009. Crop residue removal effects on soil, 
productivity and environmental quality. Crit. Rev. Plant Sci. 28:139-163. 

2. Blanco-Canqui, H. and R. Lal. 2009. Corn stover removal for expanded uses 
reduces soil fertility and structural stability. Soil Sci. Soc. Am. J. 73:418-426. 



                                        

                                            

                         
                      

Data from Crop Residue Removal Experiments in the 
Midwestern States  



                                        

                                            

                         
                      

Sediment and Nutrient Loss in Runoff: Risks of Water 
Pollution?  

STD 

No Removal: No-Till 100% Removal: No-Till 100% Removal: Tilled 



                                        

                                            

                         
                      

Crop residue removal and soil properties: Data from three soils in 
Ohio 
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Strategies to ameliorate possible 
negative effects of residue removal 
effects on soil and environment 

Aerially seeded cover crops before 
corn harvest 

 
Figure 1. Cover crop experiment at the former Harvey County Experiment Field in Hesston (Photo by Dr. 
Mark M. Claassen, K-State Research and Extension)  

Sunn Hemp 
Late-Maturing Soybean 

No Cover Crop 

Animal manure? 



                                        

                                            

                         
                      

• Studies indicate that residue removal (≥50%) 
may adversely affect soil properties, particularly 
in the long-term. 

• The magnitude of effects are site-specific. 
• Crop residue removal may not be the best 

option in the long term. 
• The threshold levels of removal have to be 

established before residue removal. 
• How about alternative cellulosic feedstocks? 

TAKE HOME MESSAGE 



                                        

                                            

                         
                      

BIOFUELS NEED TO BE 
DONE RIGHT 

Need to develop biofuels from 
systems that: 

• Reduce net emissions of 
GHG. 

• Maintain or increase soil C 
pools. 

• Reduce soil erosion 

• Do not compete with food 
crops 

• Improve wildlife habitat and 
diversity.  



                                        

                                            

                         
                      

1. Growing energy crops (i.e., perennial grasses) 
in marginal lands?. 

2. Warm season grasses and short-rotation woody 
crops may have beneficial effects on soil and 
environment. 

3. Some perennial grasses can grow in nutrient-
depleted, compacted, poorly drained, and acid, 
soils.  

Potential Alternatives 

Blanco-Canqui. H. 2010. Energy crops and their implications on soil and 
environment. Agronomy Journal. 102:403-419. 



                                        

                                            

                         
                      

• Crop residue removal may 
REDUCE soil organic C 
concentration by 1 to 3 Mg ha-1 
yr-1 in the top 10 cm in the long 
term. 

• Warm season grasses can 
INCREASE soil organic C 
concentration between 0 and 3 
Mg C ha-1 yr-1 for similar depth 
while providing biofuel 
feedstocks 

• Woody rotations can INCREASE 
soil organic C concentration 
between 0 and 1.6 Mg ha-1yr-1 in 
the top 100 cm.  

SOIL ORGANIC C  



                                        

                                            

                         
                      

• In eastern Nebraska, 
switchgrass sequestered about 
2 Mg/ha/yr of C at the 0- to 150-
cm soil depth and ~50% of the 
increase in C was below 30 cm 
(Follett et al., 2012).  
 

• Across 10 on-farm fields in 
North Dakota, South Dakota, and 
Nebraska, increases in soil 
organic C after switchgrass 
establishment varied among 
locations (Schmer et al., 2011). 
 

• In Indiana, warm-season grasses 
increased soil C in 4 out of 10 
soils compared with croplands 
(Omonode and Vyn, 2006). 
 



                                        

                                            

                         
                      

0.0
0.2
0.4
0.6
0.8
1.0
1.2
1.4
1.6
1.8
2.0

Switchgrass Low
Diversity

Grass
Mixture

Big
Bluestem

Corn, 0%
residue
removal

Corn, 50%
residue
removal

M
ea

n 
W

ei
gh

t D
ia

m
et

er
 o

f W
at

er
-

St
ab

le
 A

gg
re

ga
te

s 
(m

m
)

Standard 
Deviation WATER EROSION RISKS 

Data from 
Nebraska, 

spring 2014 



                                        

                                            

                         
                      

0.0

1.0

2.0

3.0

4.0

5.0

6.0

7.0

8.0

Switchgrass Low
Diversity

Grass
Mixture

Big
Bluestem

Corn, 0%
residue
removal

Corn, 50%
residue
removal

G
eo

m
et

ric
 M

ea
n 

W
ei

gh
t D

ia
m

et
er

 o
f 

D
ry

 A
gg

re
ga

te
s 

(m
m

) Standard 
Deviation

WIND EROSION RISKS 

Data from 
Nebraska, 

spring 2014 



                                        

                                            

                         
                      

-3.0

-2.0

-1.0

0.0

1.0

2.0

3.0

G
eo

m
et

ric
 M

ea
n 

W
ei

gh
t D

ia
m

et
er

 
of

 D
ry

 A
gg

re
ga

te
s 

(m
m

)
Switchgrass

Low Diversity 
Grass Mixture

Big 
Bluestem

Corn, 50%  
residue removal

-3.0

-2.0

-1.0

0.0

1.0

2.0

3.0
M

ea
n 

W
ei

gh
t D

ia
m

et
er

 o
f W

at
er

-
St

ab
le

 A
gg

re
ga

te
s 

(m
m

)

Switchgrass
Low Diversity 
Grass Mixture

Big 
Bluestem

Corn, 50%  
residue removal

WIND EROSION RISKS 

WATER EROSION RISKS 
Perennials:  + 

Residue removal: - 

Perennials:  + 

Residue removal: - 



                                        

                                            

                         
                      

BIOMASS YIELD: Eastern Kansas 
 Crop Yield (Mg/ha) 

Continuous Corn 12.16 bc 
Photo Period  Sorghum 34.61 a 
Big Bluestem 3.79 d 
Miscanthus 9.68 c 
Switchgrass-Kanlow 7.90 cd 

Perennial grasses reduced 
soil erosion risks but had 
no effects on C. 

SOIL PROPERTIES 



                                        

                                            

                         
                      

Location Duration 
(yr) Soil Property Cropland 

Warm 
Season 
Grasses 

Reference 

Minnesota, North 
Dakota, and 
South Dakota 

2-19 

Bulk density (Mg m-3) 

1.12a 1.07b Liebig et al. (2005) 

Iowa 10 1.28a 1.22b Rachman et al. (2004a) 

Iowa 5 1.34a 1.12b Bharati et al. (2002) 

Texas 10 1.18b 1.25a Schwartz et al. (2003) 

Missouri 12 1.41a 1.18b Udawatta et al. (2008) 

Iowa 5 
Water-stable 

aggregates (%) 

21b 39a Acosta-Martínez et al. 
(2004) 

Iowa 6 70.1a 73.6a Anderson et al. (1997) 

Missouri 12 Macroporosity (m3 m-3 0.005b 0.027a Udawatta et al. (2008) 

Iowa  10 Saturated hydraulic 
conductivity (mm h-1) 115b 668a Rachman et al. (2004a) 

Studies done by others 



                                        

                                            

                         
                      

High input 
system 

Low input 
system 

Corn 

Switichgrass or 
other perennial 
grass 

Mixed prairie 
grass 



                                        

                                            

                         
                      



                                        

                                            

                         
                      

SHORT-ROTATION WOODY CROPS 

Photos by R.O. Miller, Upper Peninsula 
Tree Improvement Center near 
Escanaba, MI.  

Six tree taxa: 
1. European larch (Larix deciduas Mill.),  
2. Hybrid aspen (P. tremula x P. 

tremuloides) 
3. Four poplar taxa: NE-222 (P. deltoids 

x P. nigra var. caudina), DN-5 (P. x 
euramericana, cv. “Gelrica”), DN-34 
(P.x euramericana, cv. “Eugenei”), 
and NM-6 (P. nigra x P. maximowiczii).  



                                        

                                            

                         
                      

Blanco-Canqui, H., R. Lal, F. Sartori, and R.O. Miller. 
2007. Changes in soil aggregate properties and 
organic carbon following conversion of agricultural 
lands to fiber farming. Soil Sci. 172:553-564. 
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• Can marginal lands 
meet biofuel demands? 

• What is the definition 
of marginal lands? 

• Large variability in 
biomass yield among 
soil types and climate 
zones. 

• Establishment 

• Fertilizer use  

• Slow or small increase 
in soil C in some soils. 

CHALLENGES 



                                        

                                            

                         
                      

• Dedicated energy crops such as perennial grasses 
maintain or improve soil properties and 
environmental quality compared with crop residue 
removal. 

• Growing warm season grasses and short rotation 
woody crops can be potential alternatives to crop 
residue removal. 

• Regional-and site-specific management strategies are 
required to further develop sustainable biofuel 
production systems. 

• The existing challenges must be addressed. 

TAKE HOME MESSAGE 



                                        

                                            

                         
                      

TIME FOR QUESTIONS 


