Crop Yield as Affected by Rotation and Nitrogen Rate. III. Corn
Todd Andrews Peterson* and G. E. Varvel

ABSTRACT

Corn (Zea mays L.) is a widely grown crop in the USA that re-
sponds positively to crop rotation. This study compares yields of
corn grown in continuous monoculture with that of a (i) 2-yr soybean
[Glycine max (L.) Merr.]-corn rotation; (ii) a 4-yr soybean-grain
sorghum [Sorghum bicolor (L.) Moench}-oat + clover [dvena sativa
L. interseeded with 80% Melilotus officinalis (L.) Lam., 20% Tri-
Jolium pratense]-corn rotation; and (jii) a 4-yr oat + clover-grain
sorghum-soybean-corn rotation. Interactions between crop rotation
and N rate were also determined. The study was conducted for 4 yr
on a Sharpsburg silty clay loam (fine, montmorillonitic, mesic Typic
Argiudoll). Continuous corn produced less grain (5.5 mg ha! yr-')
than corn grown in rotation (7.6 Mg ha~! yr-! average). Corn fol-
lowing a legume in rotation produced maximum grain yield with 90
kg N ha-!, while continuous corn required at least 180 kg N ha™*
for maximum yield. Corn following oat + clover produced maximum
yield in a year of above-average precipitation, but this rotation was
vulnerable to soil-water deficits. In 3 of 4 yr, corn following soybean
in a 4-yr rotation produced more grain than other rotations.

HE EFFECTS of crop rotation on corn yield consti-

tute a large portion of recent rotation research in

the USA. Corn is one of the most widely grown crops

and is often sensitive to rotation effects. Much re-

search has demonstrated that corn produces more

grain when grown in rotation than in continuous
monoculture (1,2,3,4,5,10,11,12,16,20,22).

Barber (5), and later Voss and Shrader (21), re-
ported on a long-term study in Iowa in which corn
yields declined with increasing frequency of corn in
the rotation. Results from Iowa and elsewhere (8,9,11,
R.K. Crookston, 1988, personal communication) in-
dicate that the type of crop in the rotation may not
be important, as long as corn does not follow itself.
Others (1,3,7), however, found corn after legume
crops produced more grain than when corn follows
nonlegume crops. Corn yield response to rotation is
greater in dry or “stress” years than in more favorable
environments (5,11,14). Corn response to applied N
often varies with previous cropping history
(1,2,6,10,11,12,17,19,20). In most cases, response to
applied N was greater in continuous monoculture
corn or cereal crop-corn cropping systems than when
corn followed a legume.

In research reported here, corn response to crop ro-
tation and N was studied as a part of a larger crop
rotation experiment. Our objective was to contrast
corn yield in three crop rotations with corn yield in
continuous monoculture systems, and to evaluate in-
teractions of crop rotation and N rate.
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MATERIALS AND METHODS

The study was located at the University of Nebraska Ag-
ricultural Research and Development Center near Mead, NE
on a Sharpsburg silty clay loam with an organic matter con-
tent of 31 g kg-! in the upper 75 mm,

Corn was grown under rainfed conditions in continuous
monoculture (CC) and in three crop rotations: (i) a 2-yr soy-
bean-corn rotation (SOY2); (ii) a 4-yr rotation of oat + clo-
ver (80% sweetclover, 20% red clover) -sorghum-soybean-
corn (SOY4); and (iii) a 4-yr rotation of soybean-grain
sorghum-oat + clover-corn (OAT/CL4). Monoculture plots
had been continuously cropped to corn since 1972. Rotation
treatments were assigned to main plots in four complete
blocks. Corn N subplots were randomly assigned either 0,
90 or 180 kg N ha! as discussed in an earlier paper (13).

Clover from the previous oat + clover plots was killed
with a sweep plow or tandem disk in mid April as weather
permitted. Plots were disked twice with a tandem disk in
late April or early May, then harrowed just prior to planting.
Corn was planted with a six-row planter in the first 10 d of
May. Corn hybrid Asgrow Rx717 was planted at a rate of
47 000 viable seeds ha-'. Weeds were controlled with a pre-
emergence application of either alachlor [2-chloro-2,6-die-
thyl-N-(methoxymethyl)acetanilide] or metolachlor [2-
chloro-N-(2-ethyl-6-methylpheny!)-N-(2-methoxy-1-methyl-
ethyl)acetamide] along with atrazine [2-chloro-4-ethylam-
ino-6-isopropylamino-1,3,5-triazine], cyanazine [2-[[4-
chloro-6-(ethylamino)-S-triazin-2-ylJamino]-2-methylpro-
pionnitrile], and linuron [3-(3,4-dichlorophenyl)-1-methoxy-
1-methylurea] at recommended rates. Corn plots were cul-
tivated the first or second week of June.

Volumetric soil water content was estimated using the
neutron scatter technique approximately twice each month
in 0 and 180 kg N ha-' subplots. Profile water content was
calculated by multiplying the estimates of volumetric water
content by their depth increment and summing results.

Aboveground dry matter (DM) samples (1 row by 5 m)
were collected in 1984 to 1986 soon after physiological ma-
turity. Ears were removed, stalks were cut at ground level,
and samples were weighed separately. A stover subsample
(five representative plants) was chopped and used for gra-
vimetric moisture determination. Ears were dried and
weighed, with the resulting weight added to the calculated
stover weight for total DM. Corn was harvested for grain in
early October using a plot combine in 1983 and 1984, and
by hand in 1985 and 1986. Harvest area was three rows by
10 m for machine harvest and three rows by 5 m for hand
harvest.

Data were analyzed by year and combined for analysis
after determining homogeneity of error variances. Orthog-
onal comparisons were used to partition treatment sums of
squares to directly evaluate objectives (18). In cases in which
treatment interactions with year involved changes in rank,
only analyses by year are discussed. All statistical analyses
were performed using the Statistical Analysis System
(SAS)(15).

RESULTS AND DISCUSSION
Grain Yield

Significance of F-values from analysis of variance
of grain yield are shown in Table 1. Both rotation and
N rate effects varied with year. Specific interactions
will be addressed, but examination of rotation aver-
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ages across 4 yr is important to estimate yield trends
(Table 2). Across years and N rates, corn in CC av-
eraged 5.5, SOY2 averaged 7.0, SOY4 averaged 7.9,
and OAT/CL4 averaged 7.7 Mg ha-!. Corn in contin-
uous monoculture produced less yield than the average
yield of corn in rotation at each level of applied N.
Grain vyield of corn in rotation averaged 6.9, 7.9, and
7.9 Mg ha-!, while CC yields were 4.1, 5.6, and 6.8 Mg
ha-' at 0, 90, and 180 kg N ha-!, respectively. Corn in
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4-yr rotations produced an average of 0.7 Mg ha™!
more grain than corn in the 2-yr rotation,

Both rotation X year and N X year interactions
involved changes in rank across years, so data were
analyzed and presented by year (Table 2). In 1983,
yields were low due to lack of precipitation in July
(13), which affected corn pollination in all treatments.
Neither rotation nor N rate affected corn yields in
1983, except for comparisons between continuous

Table 1. Significance of F-values from analysis of variance of corn grain (1983-1986) and dry matter yields (1984-1986) at Mead, NE.

Grain yield Dry matter yield
Across Across
Source df 1983 1984 1985 1986 years 1984 1985 1986 years
RomtiOn 3 * = L ] * L ] = * L ] ®n
continuous vs. rotation 1 * * * * * * * * »
2yrvs.4yr 1 1 * NS * * * 1 * *
within 4 yr 1 NS * NS * NS * NS t "
Nitrogen 2 NS * * * * . . . »
N-rate linear (NLIN) 1 NS * * * * * * * *
N-rate quadratic (NQUAD) 1 NS NS NS * * NS NS * *
Rotation X N-rate 6 NS NS NS * . NS NS * *
continuous vs. rotation X NLIN 1 NS NS NS * * NS 1 * *
continuous vs. rotation X NQUAD 1 NS NS NS NS NS NS NS NS NS
2 yrvs. 4 yr X NLIN 1 NS NS * NS * NS NS NS NS
2 yr vs. 4 yr X NQUAD 1 NS NS * NS + NS * NS NS
within 4 yr X NLIN 1 NS NS NS 1 NS NS NS NS NS
within 4 yr X NQUAD 1 * NS NS * NS 1 NS * .
Year 32t . .
Year X Rotation 9(6) * .
Year X N-rate 6(4) * *
Year X Rotation X N-rate 18(12) * *
CV (%) 17.4 15.1 15.7 8.7 14.0 16.2 144 10.0 13.0

1,* Indicates significance at the 0.1 and 0.05 levels, respectively.
f Degrees of freedom for dry matter in parentheses.

Table 2. Effect of rotation and N rate on corn grain (1983-1986) and dry matter yields (1984-1986) at Mead, NE.

Grain yield Dry matter yield
N rate (kg ha™") N rate (kg ha™')
Year Rotationt 0 90 180 Mean 0 90 180 Mean
Mg ha™! Mg ha™!
CcC 3.8 3.8 4.1 39
1983 SOY2 5.0 5.7 5.2 5.3
SOY4 6.7 6.1 6.9 6.6
OAT/CLA 5.6 6.8 5.4 5.9
Mean: 5.3 5.6 5.4 5.4
CC 2.1 3.0 3.9 3.0 6.2 7.4 8.2 7.3
1984 SOY2 45 5.5 6.1 53 8.7 10.6 8.6 9.3
SOY4 6.1 6.7 6.8 6.5 11.7 13.0 12.4 12.4
OAT/CLA 5.7 5.5 6.1 5.7 8.8 8.6 11.1 9.5
Mean: 4.6 5.2 5.7 5.2 8.9 9.9 10.1 9.6
CcC 6.4 7.3 9.2 7.6 9.8 12.7 14.5 12.4
1985 SOY2 6.7 9.9 9.4 8.7 20.4 16.1 14.9 17.1
SOY4 8.5 9.1 9.2 8.9 16.1 15.8 17.4 16.4
OAT/CLA 79 8.9 9.2 8.7 14.4 14.9 16.0 15.1
Mean: 7.4 8.8 9.2 8.4 15.2 14.9 15.7 15.3
CcC 4.0 8.2 10.0 7.4 7.6 11.8 16.2 11.9
1986 SOY2 7.7 9.6 9.8 9.1 12.1 14.0 15.0 13.7
SOY4 8.4 10.6 10.2 9.7 13.5 17.8 16.1 15.8
OAT/CL4 10.4 10.4 10.7 10.5 16.8 16.9 17.6 17.1
Mean: 7.6 9.7 10.1 9.2 12.5 15.1 16.2 14.6
CcC 4.1 5.6 6.8 5.5 7.9 10.6 13.0 10.5
Mean SOY2 6.0 7.7 7.6 7.1 13.7 13.6 12.8 13.4
SOY4 7.4 8.1 8.3 79 13.8 15.5 15.3 14.9
OAT/CLA 7.4 7.9 7.8 7.7 13.3 13.5 14.9 13.9
Mean: 6.2 7.3 7.6 7.0 12.2 13.3 14.0 13.2

4+ CC = Corn grown in continuous monoculture, SOY2 = 2-yr soybean-corn rotation, SOY4 = 4-yr oat + clover-sorghum-soybean-corn rotation, ancd OAT/

CL4 = 4-yr soybean-grain sorghum-oat + clover-corn rotation.
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corn (3.9 Mg ha-') and the mean of all rotations (5.9
Mg ha-'), and the within 4-yr X N rate quadratic com-
parison. Application of 90 kg N ha~! increased corn
yield in SOY4, but inexplicably decreased yield of corn
in OAT/CL4 (Table 2).

Rotation affected corn yield in 1984. All single de-
gree of freedom comparisons using rotation sums of
squares were significant (Table 1). Continuous corn
receiving 180 kg N ha-! produced less yield than any
other rotation treatment (Table 2). Corn in SOY?2 pro-
duced less grain than the mean of the SOY4 and OAT/
CL4 rotations. More corn grain was produced by
SOY4 than OAT/CLA4, likely due to vigorous clover
growth prior to corn planting. Spring weather condi-
tions in 1984 delayed initial tillage until 18 April when
clover was 0.4- to 0.5-m tall. Precipitation was plen-
tiful in June of 1984, but less so for July and August
(13). Soil-water content differences were nonsignifi-
cant, but corn in OAT/CL4 consistently ranked lowest
in soil water content in the latter one-half of the grow-
ing season (Fig. 1). Corn yield in OAT/CL4 was re-
duced relative to SOY4. We suspect it was due to water
deficiency in the latter periods of the growing season
(Fig. 1). Grain yield increased linearly with added N
in 1984 and the effect was consistent across rotations
(Table 1 and 2).

In 1985, yield was affected by rotation and N rate
(Table 1 and 2). Continuous corn produced less grain
than corn in rotation, and corn yields did not differ
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Fig. 1. Soil water content in the 0- to 1.5-m profile in 1984. CC =
Corn grown under rainfed conditions in continuous monoculture,
SOY2 = 2-yr soybean-corn rotation, SOY4 = 4-yr oat + clover-
sorghum-soybean-corn rotation, and OAT/CL4 = 4-yr soybean-
grain sorghum-oat + clover-corn rotation.

among the rotations. Applications of N affected corn
yield, and the effect was characterized by a linear
model (Table 1 and 2). Response of corn to applied
N in the SOY2 rotation differed from that of 4-yr ro-
tations. Yield of corn in the SOY?2 rotation increased
with the first increment of applied N and inexplicably
decreased with the second, while corn in both 4-yr
rotations increased with both increments of added N
(Table 2).

In 1986, the effects of rotation varied with N rate
and the interaction involved changes in rank among
treatment means (Table 1). Corn in OAT/CL4 pro-
duced the highest grain yield of all treatments and
yield was not affected by additions of N fertilizer (Ta-
ble 2). Clover residue production from the previous
OAT/CL4 treatment averaged 2.0 Mg ha-' DM prior
to initial tillage. Precipitation (13) was adequate for
both corn growth and rapid microbial decomposition
of clover residues. Nitrogen from symbiotic fixation
along with N mineralized from clover residues sup-
plied sufficient N for maximum grain yield. Corn yield
response to applied N was quite similar for the two
rotations following soybean. Both SOY2 and SOY4
showed a large increase, with 90 kg N ha-!, and little
additional response to the second increment of N ap-
plied. Grain yield of CC increased linearly with ap-
plied N; the N response of CC was greater than the N
response of corn in rotation (Table 2).

Yield increase due to rotation ([mean rotation yield/
monoculture yield] X 100%) was 152, 194, 115, and
129% for 1983 to 1986, respectively. Rotation yield
increases over CC were more pronounced in 1983 and
1984, years with below-normal, July and August pre-
cipitation (13). This agrees with other research in that
corn yield response to rotation is increased in “dry”
or “stress” years (5,11,14).

A consistent yield advantage of corn in SOY4 over
corn in SOY2 was noted. Differences may be due to
improved soil physical properties (water holding ca-
pacity or aggregate stability) or greater N-mineraliza-
tion potential in the 4-yr rotation, which included oat
+ clover. We continue to investigate these possibili-
ties. Another explanation for yield differences between
2- and 4-yr rotations is the reduced frequency of corn
in the 4-yr rotations (8,9,11, and R.K. Crookston,
1988, personal communication). If monoculture yields
were limited by deleterious organisms or subclinical
pathogens specific to corn, perhaps excluding corn for
three consecutive years controlled populations of these
organisms.

Total Dry Matter

Treatment effects on total above-ground DM at
physiological maturity nearly paralleled the effects on
grain yield (Table 2). As with grain yield, DM was
affected by rotation and N rate, but the effects were
not consistent across years. In 1984, response of DM
to rotation and N rate were identical to grain yield
effects. The discussion of grain yield effects is generally
appropriate for the explanation of DM effects, thus
only differences between the two response variables
will be discussed.

Differences between SOY2 and the average of 4-yr
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rotations were more pronounced for DM than for
grain yield in 1985 (Table 1 and 2). Grain and DM
yield of corn in SOY?2 increased with the first incre-
ment of applied N and declined with the second in-
crement. Mean response of corn DM in 4-yr rotations
was not affected by application of 90 kg N ha-!, but
did increase with application of 180 kg N ha!. It is
difficult to explain the grain yield and DM decrease
for SOY2 resulting from the second increment of ap-
plied N. The possibility of high so0il-N levels for this
treatment were suspected because 1983 and 1984 crop
yields were below average, but soil NO;-N data from
samples taken in the fall of 1984 did not confirm this
(data not shown).

In 1986, differences between the 4-yr rotations were
less pronounced for DM than for grain yield. Corn
DM in OAT/CL4 did not respond to N rate, while
DM in SOY4 increased sharply with the first incre-
ment of applied N, and declined with the second level.

Water Use

Water content was monitored in three of the four
replications throughout the 1984 to 1986 growing sea-
sons. Water content in the 0- to 1.5-m profile in corn
plots did not differ within rotation or N treatment at
any time. In 1984, water depletion did occur (Fig. 1)
but differences between treatments were nonsignifi-
cant. In 1985 and 1986, precipitation was above nor-
mal (13) and appreciable water depletion did not occur
(data not shown).

Grain and Plant Moisture, Grain Density, and Seed
Size

The effect of rotation on grain moisture at harvest
varied with year, but differences were small and not
agronomically significant (data not shown). Moisture
content of whole plants at maturity was affected by
rotation in 1984 and 1986, but not in 1985. Results
were not consistent across years, except CC had higher
whole-plant moisture (average 590 g kg!) than corn
in rotation (520 g kg!), which suggests crop devel-
opment on the CC plots lagged behind corn in rota-
tion.

Grain density was measured in 1983 and 1984, and
seed size was measured in 1985. Treatment effects
were due to differences between grain from CC and
corn grown in rotation. Grain from CC plots was less
dense than corn grown in rotation (679 kg m-3 vs. 697
kg m-3). Continuous corn produced smaller seed in
1985 (3.13 g seed™!) than corn in rotation (3.38 g
seed™!).

CONCLUSIONS

Continuous corn produced less grain and DM than
did corn grown in rotation. In a year of above-normal
precipitation, corn in OAT/CL4 produced more grain
than in any of the other cropping systems. However,
the benefits of including clover in a rotation must be
weighed against its potential to deplete soil water. In

3 of the 4-yr, corn in SOY4 produced more grain than
corn in any of the other rotations. Corn grown in ro-
tation required less fertilizer N than continuous corn
for maximum yield.
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