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Diversified crop rotation may improve production
efficiency, reduce fertilizer nitrogen (N) require-
ments for corn (Zea mays L.), and increase soil
carbon (C) storage. Objectives were to determine
effect of rotation and fertilizer N on soil C seques-
tration and N use. An experiment was started in
1990 on a Barnes clay loam (U.S. soil taxonomy:
fine-loamy, mixed, superactive, frigid Calcic
Hapludoll) near Brookings, SD. Tillage systems
for corn–soybean (Glycine max [L.] Merr.) rota-
tions were conventional tillage (CS) and ridge till-
age (CSr). Rotations under conventional tillage
were continuous corn (CC), and a 4-year rotation
of corn–soybean–wheat (Triticum aestivum L.)
companion-seeded with alfalfa (Medicago sativa
L.)–alfalfa hay (CSWA). Additional treatments in-
cluded plots of perennial warm season, cool sea-
son, and mixtures of warm and cool season
grasses. N treatments for corn were corn fertil-
ized for a grain yield of 8.5 Mg ha–1 (highN), of
5.3 Mg ha–1 (midN), and with no N fertilizer (noN).
Total (1990–2000) corn grain yield was not differ-
ent among rotations at 80.8 Mg ha–1 under highN.
Corn yield differences among rotations increased
with decreased fertilizer N. Total (1990–2000) corn
yields with noN fertilizer were 69 Mg ha–1 under
CSWA, 53 Mg ha–1 under CS, and 35 Mg ha–1 un-
der CC. Total N attributed to rotations (noN treat-
ments) was 0.68 Mg ha–1 under CSWA, 0.61 Mg
ha–1 under CS, and 0.28 Mg ha–1 under CC. Plant
carbon return depended on rotation and N. In the

past 10 years, total C returned from above-
ground biomass was 29.8 Mg ha–1 under CC with
highN, and 12.8 Mg ha–1 under CSWA with noN.
Soil C in the top 15 cm significantly increased
(0.7 g kg–1) with perennial grass cover, remained
unchanged under CSr, and decreased (1.7 g kg–1)
under CC, CS, and CSWA. C to N ratio significantly
narrowed (–0.75) with CSWA and widened (0.72)
under grass. Diversified rotations have potential
to increase N use efficiency and reduce fertilizer
N input for corn. However, within a corn produc-
tion system using conventional tillage and pro-
ducing (averaged across rotation and N treatment)
about 6.2-Mg ha–1 corn grain per year, we found
no gain in soil C after 10 years regardless of
rotation.

KEY WORDS: soybean; wheat; alfalfa; crop rotation; soil
quality; nitrogen value; nitrate nitrogen; soil carbon;
Brookings, South Dakota
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TABLE 1
Average Corn Grain Yield, Applied Fertilizer N, Autumn Soil Nitrate-N,

Available Inorganic N, and Apparent N Value (Based on Grain Yield) for 1990–2000*

Rotation or N Corn Grain Soil Available Apparent

Treatment Yield Fertilizer N Nitrate-N  Inorganic N  N Value

kg ha–1

Rotation (R)

CC 5111 66.7 48.9 115.6 –5.6

CS 6499 66.0 50.0 116.0 23.7

CSWA 6908 57.3 69.0 126.4 22.2

Fertilizer (N)

HighN 7343 123.9 60.8 184.7 –26.6

MidN 6417 66.2 52.7 118.9 19.1

NoN 4758 0 54.4 54.4 47.8

p-value year 0.001 0.001 0.001 0.001 0.001

p-value R 0.001 0.022 0.011 0.044 0.001

p-value N 0.001 0.001 0.023 0.001 0.001

p-value R × N 0.002 ns ns 0.047 ns

* Crop rotations were continuous corn (CC), corn–soybean (CS), and corn–soybean–wheat/alfalfa–alfalfa
(CSWA). Corn was fertilized for a grain yield of 8.5 Mg ha–1 (highN), 5.3 Mg ha–1 (midN), and no N fertilizer
(noN).
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TABLE 2
Total Soil C, Change in Soil C (2000–1989), Ratio of Total C to total N, and Change in

C to N Ratio (2000–1989) in the Top 15 cm*

Rotation or C Year C Change C to N Ratio C to N Change

N Treatment 2000 2000–1989 Year 2000 2000–1989

g kg–1

Rotation (R)

CSWA 17.4 –1.8 10.03 –0.75

CSr 18.3 — 10.32 0.39

CS 17.6 –1.7 10.22 0.02

CC 17.4 –1.7 10.31 0.03

Grass 19.9 0.7 10.87 0.72

Fertilizer (N)

HighN 17.8 –1.2 10.28 0.02

MidN 18.3 –1.0 10.36 0.06

NoN 18.3 –0.5 10.41 0.16

p-value R ns 0.033 0.001 0.079

p-value N ns ns ns ns

p-value R × N ns ns ns ns

* Crops were corn–soybean–wheat/alfalfa–alfalfa (CSWA), corn–soybean with ridge tillage (CSr),
corn–soybean with conventional tillage (CS), continuous corn (CC), and grass. Corn was fertilized
for a grain yield of 8.5 Mg ha–1 (highN), 5.3 Mg ha–1 (midN), and no N fertilizer (noN).
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