
-"""'t~1'1!;J 

3.bJ.:ttb<fbh 'b

Reprinted from the Soil Science Society of America Journal
Volume 48, no. 4, July-August 1984

677 South Segoe Rd., Madison, WI 53711 USA

Crop Residue Removal Effects on Corn Yield and Fertility of a Norfolk Sandy Loam

D. L. KARLEN, P. G. HUNT, AND R. B. CAMPBELL



Crop Residue Removal Effects on Corn Yield and Fertility of a Norfolk Sandy LoamI

D. L. KARLEN, P. G. HUNT, AND R. B. CAMPBELL:

ABSTR.~CT
To meet future demands, alternative energy sources will be needed

because long-term energy problems have not been solved. Crop res-
idue may provide a readily available on-farm bioenergy source, but
effects of removing residue on soil fertility, water conservation, and
crop production need further investigation. A 4-yr field experiment
was conducted on a Norfolk sandy loam (Typic Paleudults) to de-
termine the effects of removing crop residues on soil pH, extractable
nutrient concentrations, and yield of corn (Zea mays L.). Four stover
management treatments evaluated between 1979 and 1982 included
conventional tillage with stover incorporated, and con!iervation til-
lage with 0, 66, or 90% of the stover removed. Treatments were split
and evaluated with and without supplemental irrigation. Extractable
nutrient concentrations were evaluated by comparing values ob-
tained from an initial soil sampling with those of samples collected
each fall thereafter. Ear leaf analyses were used to monitor treat-
ment effects on plant nutrient status. Annual corn stover yields of
3 to 7 Mg ha-1 provided 5 to 11 X 10' kJ ha-1 of potential bioenergy
without reducing winter surface cover below 80%. Harvesting corn
residues increased annual N, P, and K removal by 26 to 57, 6 to 14,
and 49 to 124 kg hal, respectively. Soil extractable and plant nu-
trient concentrations indicated fertilization rates were adequate to
compensate for nutrients removed with crop residues. Annual soil
analyses showed that surface-applied lime and fertilizer were rapidly
leached through low exchange capacity surface horizons, but accu-
mulated in subsoil horizons even when conservation tillage practices
were utilized. Irrigation, tillage, and residue management treatments
resulted in few significant differences indicating that in this physio-
graphic region, some crop residues could be utilized for bioenergy
production. However, j>lant nutrients contained in those residues
would have to be rpplaced by increased fertilization.

Additional Index Words: conservation tillage, minimum tillage,
bioenergy source, nutrient distribution, nutrient balance, Zea mays
L., Secale cereale L.
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trients and organic matter were generally recycled to
the land via manure disposal. In the recent search for
renewable alternatives to fossil fuels, attention has been
directed toward using crop residue as an on-farm en-
ergy source. Unfortunately, this would generally not
allow recycling of plant nutrients and organic matter.

Claar et al. (5) concluded that in Iowa sufficient corn
(Zea mays L.) cobs were produced to dry com grain
by using a crop residue furnace, but drying costs would
increase'by 50% compared to purchasing liquid pro-
pane gas (LPG) at 1980 prices of $0.24/L. Lockeretz
(20) concluded th_at the value of crop residues for
ethanol production or boiler fuel was comparable to
immediate and direct costs (collection and transpor-
tation) of residue removal, but it was not sufficient to
compensate farmers or society for long-term benefits
resulting from returning crop residues to the soil. He
also emphasized the importance of coordinating soil
conservation policies when developing public policy
concerning renewable energy programs. Epstein et at.
(11) emphasized that alternative uses for crop residues
should be considered only when nee4,:; for soil pro-
tection and productivity have been met. Larson (18)
concluded that removal of a portion of crop residues
should not be objectionable to the agricultural com-
munity if soil productivity could be maintained.

The Atlantic Coastal Plain contains three interstate
Major Land Resource Areas (MLRA's) which produce
substantially more crop residue than is needed for

" controlling water erosion (1.,3). Aho, if improved water
and nutrient management practices are adopted (16,24)
and conservation tillage methods are practiced, corn
residue production in this physiographic region may
be sufficient to make residue harvesting economically
feasible.

Recently, public int~rest in harvesting crop residues
has declined because fossil fuel prices have decreased,
but long-term energy problems have not been solved.
Therefore, in MLRA's where sufficient crop residues
are produced to control wind and water erosion, long-
term effects of removing them on soil productivity
and nutrient status must be quantified. Objectives of
our research were (i) to quantitatively measure the
amount of crop residue that could be collected and
the amount of plant nutrients removed using standard
farm equipment and (ii) to determine the effects of
removing crop residues on root zone soil pH, plant
and soil nutrient concentrations, and yield of com
grown with and without supplemental irrigation on a
Typic Paleudults soil.

C ROP RESIDUE is often an asset because it helps
control wind and water erosion (13, 25). How-

ever, excessive crop residue can also be a liability be-
cause of phytotoxicities, plant disease, and weed con-
trol problems associated with its management (6, 10,
29). Some crop residue has traditionally been har-
vested and used for animal feed and bedding, but nu-
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METHODS AND MATERIALS
A 2.65-ha field experiment was initiated in 1979 on a Nor-

folk (fine-loamy, siliceous, thermic, Typic Paleudults) sandy
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SUMMARY AND CONCLUSIONS
Harvesting 3 to 7 Mg ha -I of com stover from a

Typic Paleudults in MLRA 133 could provide 5 to II
X 104 MJ ha-1 of on-farm bioenergy each year. Pro-
vided conservation tillage practices are used, this could
be accomplished without reducing soil cover below
80%. Harvesting crop residues increased annual N, P,
and K removal by 26 to 57, 6 to 14, and 49 to 124 kg
ha-l, respectively, but secondary and micronutrient
removal was increased only slightly. Extractable soil
nutrient concentrations were not depleted because fer-
tilization programs compensated for increased nu-
trient removal.
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