
Tillage and Crop Rotation Affect Corn, Soybean, 
and Winter Wheat Yields 
M.G. Lund, P.R. Carter, and E.S. Oplinger 

Research Question 

Literature Summary 

Study Description 

Grain producers are converting to reduced tillage systems to reduce soil 
erosion and field-work time requirements, and to remain eligible for 
government programs. Little research has been conducted evaluating till- 
age systems in crop rotations including corn, soybean, and wheat. 

The two objectives of this study were to (i) evaluate the influence of till- 
age on performance of corn, soybean, and winter wheat in rotations 
with each other and (ii) determine whether corn or soybean yields could 
be increased in 3-yr rotations with wheat compared with those in an an- 
nual corn/soybean rotation. 

In northern regions, grain yields for both corn and soybean are general- 
ly lower under no-till than moldboard plow systems when growing either 
crop continuously, but yields are often similar for these tillage systems 
when the two crops are rotated. There is little published research avail- 
able regarding winter wheat response to tillage systems in corn/soybean 
rotations or of corn/soybean response to tillage following winter wheat. 

Results of several studies indicate that both corn and soybean yields are 
limited in 2-yr, corn/soybean sequences compared with those in rota- 
tions in which the two crops are grown less frequently than every other 
year. 

This study was conducted for 3 yr on Plano silt loam soil at Arlington, 
WI. 

Treatments: 
A. Tillage systems (2) 

Moldboard plow and no-till 
B. Crop rotation sequences (6) 

Corn/soybean 
Corn/soybean/wheat 
Corn/wheat/soybean 
Continuous corn, soybean, and wheat 

Corn (Pioneer 3737, Kaltenberg K4000) 
Soybean (BSR 101, Ozzie) 
Wheat (Caldwell, Argee) 

C. Hybrids/cultivars (2) 

Fertility: Univ. of Wisconsin recommendations 
Weed control: 

Corn (cyanazine, metolachlor, alachlor, thifensulfuron) 
Soybean (metolachlor, alachlor, thifensulfuron) 
Wheat (glyphosate, post-harvest) 
Hand weeding 

Corn (terbufos, fenvalerate) 

Adequate for average to above-average crop yields per year. 

Insect control: 

Growing season moisture: 

Full scientific article from which this summary was written begins on page 207 of this issue. 
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Applied Questions How do crop yields compare in no-till vs. moldboard plow systems in 
corn, soybean, wheat rotations? 

For corn and soybean, yields were similar under no-till and moldboard 
plow systems when the two crops were grown following any crop other 
than themselves (Table 1). But yields for no-till continuous corn were 
8% lower than for moldboard plowing, and continuous soybean yields 
were 7 %  less with no-till than with moldboard plowing. 

Winter wheat yields were depressed by several factors including (i) the 
relatively late planting necessary when following corn and soybean, (ii) 
winter injury in 1989 (especially with moldboard plowing), and (iii) leaf 
diseases in 1991 (especially with no-till). Although 3-yr average wheat 
yields for no-till were similar to, or slightly higher than, those with 
moldboard plowing (Table l) ,  wheat response to tillage was inconsistent. 
Yields were higher for no-till in 1989, but greatest yields occurred with 
moldboard plowing in 1991. 

Can corn or soybean yields be increased in 3-yr rotations with wheat 
compared with an annual rotation with each other? 

Three-crop rotations did not result in greater soybean or corn yields 
than corn-soybean rotations (Table 1). Our previous studies had shown 
15 to 20% lower soybean yields in corn-soybean rotations than in first 
year soybean after 5 yr of corn, when the brown stem rot disease was 
prevalent. Brown stem rot had less overall influence on soybean yields 
in the current study. Adding a crop (such as wheat) to corn-soybean ro- 
tations may be more beneficial when soybean diseases reduce yields 
more than in this study. 

Table 1. Three-year average grain yields for corn, soybean, and 
winter wheat for four crop rotation sequences and two tillage 
systems. 

Crop rotation sequence 

Croo Tillaee system ClSt CIWIS ClSIW Continuous 

bulacre 
corn Moldboardplow 173 175 172 162 

No-till 176 172 163 149 
Soybean Moldboard plow 53 54 53 46 

No-till 52 53 51 43 
Wheat Moldboard plow - 40 40 33 

No-till - 40 45 40 

K = corn, S = soybean, W = winter wheat. 
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Tillage and Crop Rotation Affect Corn, Soybean, 
and Winter Wheat Yields 

M. G. Lund, P. R. Carter,* and E. S. Oplinger 

There is little research in northern regions on tillage systems 
in corn (Zea mays L.), soybean [Glycine mux (L.) Merrl, and 
wheat (Triticum aestivum L.) rotations. The objectives of this 
study were to (i) evaluate the influence of tillage on performance 
of corn, soybean, and winter wheat in rotations with each other, 
and (ii) determine whether corn or soybean yields could be in- 
creased in 3-yr rotations with wheat compared with an annual 
rotation with each other. Field studies were conducted near 
Arlington, WI, for 3 yr (1989 to 1991) on a Plano silt loam soil 
(fine-silty, mixed, mesic Typic Argiudoll) under both moldboard 
plow (MP) and no-till (NT). Six crop sequences evaluated were: 
corn/soybean, corn/soybean/wheat, corn/wheat/soybean, and 
continuous corn, soybean, or wheat. Grain yields for both corn 
and soybean were similar regardless of crop sequence when these 
crops were in rotation, with no advantage for 3-yr vs. 2-yr se- 
quences. Average yields were reduced 10% (corn) and 15% (soy- 
bean) for continuous cropping compared with rotations, with 
greater yield reductions under NT than MP. Tillage did not in- 
fluence grain yield for soybean or corn in rotation, but yields 
were reduced under NT for both crops with monocropping. 
Grain yields for NT continuous corn were 8% lower than MP, 
and continuous soybean yields were 7% less with NT than MP. 
Wheat yields were low and response to tillage and rotation was 
inconsistent. In this study we found no clear advantage for three- 
crop corn, soybean, and wheat rotations compared with an an- 
nual rotation of corn and soybean. 

ORN, SOYBEAN, and winter wheat yield less follow- C ing themselves than when rotated with another crop 
(Meese et al., 1991; Crookston e tal., 1991; Edwards et 
al., 1988). There are many factors that contribute to the 
yield advantage that occurs from rotating crops. Legumes 
in a rotation provide N for ensuing non-legume crops, 
but crop rotations may also provide weed, disease, in- 
sect, and nematode control (Benson, 1985), as well as im- 
proved soil physical properties (Raimbault and Vyn, 
1991). 

Even when crop rotation is practiced, yields can be 
limited if particular crops are grown frequently. In Wis- 
consin, soybean yields in annual corn/soybean rotations 
were 15 to 20% lower (depending on the tillage system 
and cultivar) compared to first-year soybean after sever- 
al years of corn (Meese et al., 1991). A similar study in 
Minnesota showed soybean yield reductions of 8% when 
alternated annually with corn compared with first-year 
soybean after several years of corn (Crookston et al., 
1991). Crookston et al. also reported a 5% yield advan- 
tage for first-year corn after several years of soybean com- 
pared with corn rotated annually with soybean. These 
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results indicate a need to add crops to the prevalent corn 
and soybean rotation to obtain the maximum yield benefit 
from rotation for all crops. 

Peterson and Varvel (1989a), in Nebraska, evaluated 
a 4-yr rotation of cordoat (Avena sativa L.) + clover 
[80% Melilotus officinalis (L.) Lam., 20% Trifolium pra- 
tense L.]/grain sorghum [Sorghum bicolor (L.) 
Moench]/soybean and found a 5% soybean yield increase 
in this rotation compared with annually rotating soy- 
bean and corn. In Alabama (Edwards et al., 1988), soy- 
bean yields were increased 6% in a corn/wheat/soybean 
sequence compared with those in a corn/soybean rota- 
tion under MP. In contrast, under NT conditions, soy- 
bean yields in a corn/wheat/soybean rotation were 19% 
lower than with corn/soybean rotation. 

For corn, Peterson and Varvel (1989b) reported a 9% 
increase in grain yield when grown in the 4-yr rotation 
with grain sorghum, oat + clover, and soybean compared 
with corn rotated annually with soybean. In another 
Nebraska study, corn yield increased 20% in a soybean/ 
wheat/corn rotation as compared with continuous corn 
(Peterson et al., 1991). Research to evaluate corn and soy- 
bean response in northern latitudes in grain crop rota- 
tions with other crops such as wheat is limited. 

Many farmers are converting to reduced tillage systems 
to reduce soil erosion and field-work time requirements, 
and to remain eligible for government programs. Little 
research has been done evaluating tillage systems in crop 
rotations including corn, soybean, and wheat. On silt 
loam or finer soil textures, grain yields for both corn and 
soybean are generally lower under NT than MP systems 
when monocropping (Dick and Van Doren, 1985; Cart- 
er and Barnett, 1987; Griffith et al., 1988; Meese et al., 
1991). But these yield reductions can often be at least par- 
tially offset by rotating crops (Dick and Van Doren, 1985; 
and Griffith et al., 1988). Meese et al. (1991) reported 
that while continuous corn and soybean yields were about 
10% greater for MP than NT, MP and NT yields were 
generally similar for annually rotated corn and soybean. 

There have been few studies evaluating winter wheat 
performance in various tillage systems and crop rotations 
in northern regions. Vyn et al. (1991) in Ontario, found 
that wheat yields were reduced 20% for continuous wheat 
compared with wheat after soybean, barley (Hordeum 
vulgare L.), or alfalfa (Medicago sativa L.), but tillage 
practices (MP, minimum tillage, and NT) did not in- 
fluence grain yield. In Kentucky, wheat grain yields were 
similar for NT and MP systems when wheat was grown 
following either ryegrass (Lolium perenne L.), sorghum- 
Sudan grass (Sorghum x. drumondii; syn. S. sudanense 
[Piper] stapf), or corn (Ditsch and Grove, 1991). In the 
western US and Canada, wheat is often planted NT be- 

Abbreviations: MP, moldboard plow; NT, no-till. 
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Table 1. Rotation sequences for corn (C), soybean (SI, and wheat 
(W). 

Year 

Crop rotation sequence 1986 1987 1988 1989 1990 1991 

1. s-c 
2. c-s 
3. w-s-c 
4. c-w-s 
5 .  s-c-w 
6. S-W-C 
I. c-s-w 
8. w-c-s 
9. Cont. corn 

10. Cont. soybean 
11. Cont. wheat 

s c s c s c  
c s c s c s  
w s c w s c  
c w s c w s  
s c w s c w  
s w c s w c  
c w s c w s  
w c s w c s  
c c c c c c  
s s s s s s  
w w w w w w  

cause the increased soil residue catches more snow, which 
results in greater soil insulation and less winter injury 
(Fowler and Gusta, 1977; Loeppky et al., 1989; Cox et 
al., 1986). Currently, most growers in the northern Corn 
Belt seed winter wheat in early to mid September follow- 
ing corn silage, plow-down alfalfa, or short-season can- 
ning crops such as pea (Pisum sativum L.) or sweet corn, 
rather than delaying wheat planting until after corn or 
soybean grain harvest. 

This study was initiated to evaluate the influence of 
tillage on the growth and grain yield of corn, soybean, 
and wheat when grown in rotations with each other in 
the northern Corn Belt. We were also interested in de- 
termining whether corn or soybean yields could be in- 
creased in 3-yr rotations with wheat compared with 
annually alternated corn and soybean. 

METHODS AND MATERIALS 

Field research was conducted during 3 yr (1989 to 1991) 
on a Plano silt loam soil near Arlington, WI. Soil tests 
indicated a pH of 6.4, 30 ppm P/acre, 250 ppm K/acre, 
and 3.3% organic matter (Kelling et al., 1991). 

The experiment was established in a split-split plot ran- 
domized complete block arrangement of treatments with 
four replicates. Whole plots were NT and MP which were 
established in 1986. Tillage operations for MP were MP 
in the fall and field cultivation prior to planting. For NT, 
crops were planted into the undisturbed residue of the 
previous crop. Sub-plots consisted of six rotation se- 
quences involving corn, soybean, and winter wheat (Table 
l), which also were initiated in 1986. Crop sequences were 
corn-soybean, corn-wheat-soybean, corn-soybean-wheat; 
and continuous corn, soybean, and wheat. Each phase 
of each sequence was repeated each year, resulting in a 
total of 11 rotation sequence treatments (Table 1). The 
sequences were in place by 1988, but 1988 data were not 
included due to variability caused by extreme drought that 
year. The sub-sub plots were two corn, soybean, and 
wheat hybrids/cultivars, selected to represent a range in 
maturity. Corn hybrids were Pioneer brand 3737 (P3737) 
(100-d) and Kaltenberg 4000 (K4000) (90-d), soybean cul- 
tivars were Ozzie (Group 0) and BSR 101 (Group I), and 
wheat cultivars were Caldwell (early) and Argee (late). 
Experimental unit size was 7.5 ft by 30 ft. 

Corn was planted with a Kinze (Kinze Mfg., Williams- 
burg, IA) six-row planter at a 2-in. depth in 3041. rows. 

The planter was equipped with rippled coulters in front 
of double disk openers with dual press wheels for plant- 
ing under NT conditions. Corn was planted at a rate of 
32 000 seeds/acre on 27 Apr. 1989, 30 Apr. 1990, and 
1 May 1991. A 6-24-24 (N-P-K) starter fertilizer was row- 
applied at planting in all years at a rate of 200 lb/acre. 
Additional N was broadcast-applied in the form of am- 
monium nitrate. Rates were adjusted annually based on 
preplant soil nitrate tests, with lowest rates in 1989 and 
1990 when residual nitrate levels were high, due to low 
rainfall in 1987 and 1988 (Bundy and Malone, 1988). In 
1989, 100 lb N/acre was applied to all corn plots. In 1990 
and 1991, N rates were 100 (1990) and 160 (1991) Ib/acre 
for corn following corn and wheat. For corn following 
soybean, 50 (1990) and 120 (1991) lb N/acre were applied. 

The corn following corn plots received terbufos (Phos- 
phorodithioic acid S[[(l, l-dimethylethyl)thio]methyl] 
0,O-diethylester) insecticide at a rate of 1 oz. a.i./1000 
ft of row at planting to control corn rootworm (Diabrot- 
ica spp.). In 1989 and 1990,2 lb a.i./acre cyanazine and 
1.5 Ib a.i./acre metalachlor herbicides were applied pre- 
emergence for weed control. In 1991,2 lb a.i./acre alach- 
lor were applied pre-emergence and 0.0625 oz a.i./acre 
of thifensulfuron was applied post-emergence for weed 
control. Also, in 1991 0.05 Ib a.i./acre of fenvalerate (a- 
cyano-3-phenoxybenzyl a-(-4-chlorophenyl)isovalerate) 
was applied to control common stalk borer (Papaipema 
nebris Guenee). 

Soybean was drilled in 8411. wide rows at a depth of 
1.5 in. in a Tye No-Till drill (Tye Co., Lockney, TX) 
equipped with rippled coulters in front of double disk 
openers and a double press wheel. Soybean was planted 
11 May 1989, 18 May 1990, and 1 May 1991 at 225 000 
seeddacre. In 1989, 1.5 Ib a.i./acre metolachlor was ap- 
plied pre-emergence and 2 lb a.i./acre bentazon and oil 
were applied post-emergence to control weeds. In 1990, 
1.5 lb a.i./acre of only metolachlor was applied pre- 
emergence. In 1991, 2 lb a.i./acre alachlor was applied 
pre-emergence and 0.0625 oz a.i./acre of thifensulfuron 
was applied post-emergence for weed control. Hand 
weeding also was used if necessary to maintain weed-free 
corn and soybean plots. 

Wheat was drilled in 8-in. rows with the same drill used 
for soybean. Wheat was planted following corn and soy- 
bean harvest on 13 Oct. 1988, 10 Oct. 1989, and 4 Oct. 
1990 at a rate of 36 seeds/sq ft. Glyphosate was applied 
at a rate of 0.75 lb a.i./acre after harvest to control weeds 
and wheat regrowth. Each year N was applied to wheat 
in the spring at a rate of 50 lb/acre as ammonium nitrate. 

In 1989, 1990, and 1991 data collected for corn plots 
included; final plant population, grain moisture, and 
grain yield. Soybean data collected all 3 yr included: pre- 
harvest plant height and lodging, grain moisture, and 
grain yield. Wheat measurements taken for all 3 yr in- 
cluded: late-season plant height, grain moisture, and grain 
yield. Additional measurements taken only in 1991 for 
corn and soybean plots included: residue cover and soil 
temperature after planting, days to emergence, early- 
season plant population, and early-season plant height. 
Days to 50% silk for corn was also measured in 1991 
only. 
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Table 2. Monthly precipitation and mean air temperature for 1989 
to 1991 growing seasons in Arlington, WI. 

Year 

Month 1989 1990 1991 

May 
June 
July 
August 
September 

Five-month total 

M aY 
June 
July 
August 
September 

Five-month mean 

Precipitation 
in. 

1.8 (-1.4)t 4.3 (1.1) 1.9 (-1.3) 
2.0 (-2.1) 6.3 (2.2) 2.6 (-1.5) 
3.8 (0.3) 1.6 (-1.9) 8.0 (0.3) 
4.3 (0.3) 5.4 (1.4) 1.8 (-2.2) 
3.8 (0.2) 1.2 (-2.4) 4.4 (0.8) 

15.7 (-2.7) 18.8 (0.4) 14.5 (-3.9) 
Mean air temperature 

"F 
57.2 (-0.2) 55.0 (-2.4) 62.8 (5.4) 
66.3 (-0.1) 68.0 (1.6) 69.9 (3.5) 
72.9 (1.7) 70.1 (-1.1) 71.0 (-0.2) 
67.6 (-1.5) 70.0 (0.9) 69.5 (0.4) 
59.4 (-1.5) 64.0 (3.1) 59.3 (-1.6) 
64.7 (-1.6) 65.4 (0.4) 66.5 (1.5) 

t Number in parentheses indicates the departure from long-term average. 

Residue cover was measured using a line transect 
method as described by Wollenhaupt and Pingry (1991). 
Midday soil temperature was measured at a 2-in. depth 
in the row on alternating days for 10 d after planting. 
Soybean lodging was measured on a 1 (no lodging) to 5 
(completely lodged) scale. 

Two corn rows from each plot were harvested on 2 Oct. 
1989 and 1990, and 30 Sept. 1991 with a Gleaner (Allis 
Chalmers Co., Milwaukee, WI) K2 modified plot com- 
bine equipped with electronic scale and moisture meter 
for grain yield and moisture determination. An Almaco 
(Allen Machine Co., Nevada, IA) plot combine was used 
to harvest the six middle soybean rows from each plot 
on 29 Sept. 1989, 1 Oct. 1990, and 26 Sept. 1991. The 
Almaco plot combine also was used to harvest the six 
middle wheat rows from each plot on 20 July 1989 and 
1990, and 21 July 1991. Grain yields were adjusted to 
15.5% (corn), 13% (soybean), and 13% (wheat) moisture. 

Data were analyzed over years using a split-split plot 
analysis of variance, and mean comparisons were made 
using the LSD test. Replicates were considered fixed ef- 
fects while all other effects were random in determining 
the expected mean squares and appropriate F-tests in the 
combined analysis of variance. 

RESULTS AND DISCUSSION 

Corn 

Although growing season precipitation was about 3 to 
4 in. below average in 1989 and 1991 and near average 
only in 1990 (Table 2), conditions were favorable for high 
corn yields all 3 yr. Average yields were 161 (1989), 167 
(1990), and 178 (1991) bulacre. Yields for P3737 aver- 
aged 7 bu/acre higher than those for K4000, but grain 
yield responses to tillage and rotation were similar all 3 
yr for both hybrids. Therefore, average values will be dis- 
cussed (Fig. 1). 

There were no grain yield differences for corn in soy- 
beadcorn, wheat/soybean/corn, and soybeadwheat/ 
corn rotations (Fig. 1). But, continuous corn yields were 

reduced an average of 13% under NT and 7% with MP 
compared with rotated corn. Meese et al. (1991) also 
reported that continuous corn yield reductions were great- 
er under NT, Corn yields were similar for NT and MP 
when corn was grown in crop rotations, but with con- 
tinuous corn NT yields were 8% less than MP (Fig. 1). 

Increased residue cover and lower soil temperature were 
related to delayed plant growth under NT compared with 
MP (Table 3). Plant growth differences between crop ro- 
tations were small under MP. But with NT, corn growth 
responses were generally related to the amount of previ- 
ous crop residue on the soil surface at planting (TabIe 
3). Corn grown after soybean (soybean/corn and 
wheat/soybean/corn) had the least residue cover, fol- 
lowed by corn after wheat (soybean/wheat/corn), and 
continuous corn. Under NT, soil temperature at plant- 
ing for continuous corn averaged 5 O F  lower than for ro- 
tated corn and time to emergence and silk was delayed 
about 2 d. Harvest grain moisture was nearly 2 percen- 
tage units higher for NT continuous corn than for NT 
corn following soybean (Table 3). 

Early-season plant height averaged 9.5 and 7.5 in. 
shorter for NT continuous corn and NT corn after wheat 
than for NT corn after soybean (Table 3). For NT con- 
tinuous corn, reduced early plant height and delayed silk- 
ing probably were caused by cool seed-zone soil 
temperatures, which delayed emergence and early plant 
growth rate (Table 3). But for NT corn after wheat, soil 
temperature after planting and days to emergence were 
not different than for NT corn after soybean. Even un- 
der MP, corn plants were shorter and silking was delayed 
for corn following wheat compared with following soy- 
bean (although the magnitude of height reduction and 
silk delay was less than under NT) (Table 3). Therefore, 
delayed growth for corn following wheat was apparent- 
ly related to factors other than soil temperature or seed 
placement. 

Raimbault and Vyn (1990) and Raimbault et al. (1991) 
in Ontario reported that a winter rye (Secale cereale L.) 
cover crop delayed corn development and reduced corn 
biomass yield, with greater negative effects on corn un- 
der NT than MP. They suggested that allelopathic effects 

Mo 

190 

180 

. "" 
W / C  Cent. 

Crop Rotation Sequenca 
Fig. 1. Relationship between crop rotation sequence and corn grain 

yield for no-till (NT) and moldboard plow (MP). Values are aver- 
aged over 3 yr and two hybrids. Crop rotation sequences: Alternat- 
ing soybean and corn (S/C), wheat-soybean-corn (W/S/C), 
soybean-wheat-corn (S/W/C), and continuous corn (Cont.). Verti- 
cal bar indicates LSD (P  = 0.10). 
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Table 3. Residue cover, soil temperature, and plant growth parameters for corn as influenced by tillage and crop rotation sequence, 1991. 

Residue cover 
Soil 

temDeratureS 

Crop rotation sequence MP$ NT 
70 - - 

Alternating soybean-corn 2 t 31 

Soybean-wheat-corn 2 t 58 
Continuous corn 5 t 69 

Wheat-soybean-corn 7 t 43 

LSD [O.lO)T 15 

MP NT 
"F - - 

65 t 63 
66 t 64 
65 t 63 
65 t 58 

1 

Days to Plant height 

MP NT MP NT 
- in. - 

emergence (6 wk) 

15 t 17 57 t 48 
14 t 16 56 t 47 
15 t 17 52 40 
16 t 19 53 t 38 

2 4 

Days to silk 

MP NT 

46 t 48 
46 t 48 
47 t 49 
47 t 50 

1 

Grain 
moisture# 

MP NT 
70 - 

22.8 23.4 
23.3 23.7 
23.0 t 24.5 
22.7 t 25.5 

1.1 

- 

Final plant 
population# 

MP NT 
plants/ 

acre x 1000 
30.7 30.7 
31.0 29.3 
30.1 t 27.0 
30.6 t 27.7 

2.1 

t Difference between tillage systems within crop rotation sequences is significant at the 0.10 probability level. 
$ In-row soil temperature at  seeding depth measured at  mid-day. Values are the average of measurements taken on alternate days for 10 d after planting. 
8 MP = moldboard plow and NT = no-till. 
f Least significant difference for comparisons between crop rotation sequences within tillage systems. 
# Average data from 1989-1991. 

from the rye may have inhibited corn growth. They also 
cited researchers (Freyman and Schaalje, 1983; and 
Cochran et al., 1977) who attributed adverse effects of 
crop growth after wheat to the presence of phytotoxic 
compounds secreted by, or produced during, decompo- 
sition of wheat residues. We also speculate that allelop- 
athy may have at least partially caused the growth delays 
for corn following wheat in this study. We did not re- 
move wheat straw following harvest, but many farmers 
in dairy regions bale this straw for bedding. This may 
reduce the potential for allelopathic effects on subsequent 
crop growth. Grain yield was affected relatively little by 
the growth delay for corn following wheat, with no yield 
loss under MP and a 6% yield reduction for NT corn fol- 
lowing wheat compared with corn following soybean (Fig. 
1). 

Plant populations at harvest were lower for NT con- 
tinuous corn and corn following wheat than for corn af- 
ter soybean and all MP treatments (Table 3). For NT corn 
following wheat, limited post-emergence stand reduction 
was caused by common stalk borer before these insects 
were chemically controlled. The plant population range 
was from 27 000 to 30 700 planWacre, but this 5% 
difference in final stand probably did not affect yields. 
A 1988 to 1991 study at a nearby site (Hudelson and Cart- 
er, data not published) found little difference in corn yield 
within this range of plant populations. 

- 5 4  5 
3 52 

$ 4 8  
e 50 E 

46 
44 

42 
A n  

CIS Cdnt. 
Crop Rotation Sequence 

Fig. 2. Relationship between crop rotation sequence and soybean grain 
yield for no-till (NT) and moldboard plow (MP). Values are aver- 
aged over 3 yr and two cultivars. Crop rotation sequences: Alternat- 
ing corn and soybean (C/S) ,  wheat-corn-soyhean (W/C/S), 
corn-wheat-soybean (C/W/S), and continuous soybean (Cont.). Ver- 
tical bar indicates LSD (P  = 0.10). 

Soybean 

Similar to corn, soybean yield levels each year were 
relatively high and responses to tillage and rotation were 
similar. Consequently, only average values over years will 
be presented and discussed (Fig. 2). Soybean yields aver- 
aged 51 (1989), 58 (1990), and 43 (1991) bu/acre. Soy- 
bean yields in 1991 were uniformly reduced by soybean 
mosaic virus, which was prevalent throughout southern 
Wisconsin on early planted soybean. Cultivar BSR 101 
yields averaged 10 bu/acre higher than those for Ozzie, 
but responses to tillage and rotation were not different 
between cultivars. 

There were no yield differences for soybean in 
corn/soybean, corn/wheat/soybean or wheat/corn/soy- 
bean rotations (Fig. 2). Continuous soybean yield losses 
averaged 17% for NT and 14% for MP compared with 
those in rotation. Other studies also have reported lower 
yields for monocropped soybean than for soybean in ro- 
tations (Meese et al., 1991; Crookston et al., 1991). 

For all three crop rotations (when soybean followed 
corn or wheat), NT yields were similar to, or within 5% 
of, MP yields (Fig. 2). Lueschen et al. (1992) also found 
no consistent soybean yield differences between MP, 
chisel plowing, and NT when soybean followed corn. 
When soybean followed wheat, NT yields were similar 
to those for MP and chisel plowing in 3 of 4 yr. In this 
study, continuous soybean yields were 7% lower under 
NT than MP (Fig. 2). Meese et al. (1991) found that 
monocropped NT soybean yields averaged 10% lower 
than MP yields. 

Previous research in Wisconsin (Meese et al., 1991) and 
Minnesota (Crookston et al., 1991) indicated that soy- 
bean yields were lower in an annual cornlsoybean rota- 
tion than in first-year soybean after 5 yr of corn. Based 
on these studies, we suspected that soybean yields might 
be increased when grown less frequently (every third year 
in three-crop rotation sequences (wheat/corn/soybean 
and corn/wheat/soybean) than every other year in 
corn/soybean rotations. Results of this study indicate that 
increasing the interval between soybean crops in rotation 
from 1 yr to 2 yr may be inadequate to achieve maximum 
yields. 

Meese et al. (1991) found that the level of yield depres- 
sion for both annually rotated and continuous soybean 
compared to first-year soybean was related to the severi- 
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Table 4. Residue cover, soil temperature, and plant growth parameters for soybean aa influenced by tillage and crop rotation sequence, 1991. 
Soil Plant population Plant height 

Residue cover temperaturei (6 wk) (6 wk) 

Crop rotation sequence MP NT M P  NT MP NT MP NT 

- in. - - % -  - "F - plants/ 

Alternating soybean-corn 2 t 67 64 t 59 185 129 18 t 15 
Wheat-soybean-corn 7 t 71 64 t 59 192 152 19 7 16 
Corn-wheat-soybean 2 66 64 t 60 216 t 140 19 t 16 
Continuous soybean 5 30 63 t 62 208 171 19 t 16 

t Difference between tillage systems within crop rotation sequences is significant a t  the 0.10 probability level. 
t In-row soil temperature a t  seeding depth measured at  mid-day. Values are the average of measurements taken on alternate days for 10 d after planting. 
$ MP = moldboard plow and NT = no-till. 
'I Least significant difference for comparisons between crop rotation sequences within tillage systems. 

acre x 1000 

LSD (0.10)y 15 1 43 2 

ty of the brown stem rot (Phialophora gregata) disease. 
Greater yield reductions occurred for a brown stem rot 
susceptible cultivar than for a resistant cultivar. In this 
study, resistant (BSR 101) and susceptible (Ozzie) culti- 
vars were evaluated, but cultivar responses to crop rota- 
tion were not different. Although Ozzie is susceptible to 
brown stem rot, the disease is most prevalent late in the 
growing season, therefore early maturing cultivars (such 
as Ozzie) usually escape severe infestafions (Waller et al., 
1992). Advantages for soybean in a 3-yr (compared with 
an alternate-year) cropping system may be more appar- 
ent when the brown stem rot disease has greater yield- 
limiting effects than in our study. 

Residue cover differences only occurred under NT, 
with greater values when soybean followed corn or wheat 
than when soybean was grown continuously (Table 4). 
Soil temperature differences were also small under MP, 
but under NT values were 2 to 3°F lower for soybean 
following corn or wheat than for monocropping. Soy- 
bean annually alternated with corn and soybean follow- 
ing wheat had lower early season plant population under 
NT than under MP (Table 4). These plant population 
differences apparently did not influence soybean yield 
response, since MP and NT yields were similar for soy- 
bean grown in these sequences (Fig. 2). Early-season plant 
height averaged 3 in. lower for NT than for MP. Soy- 
bean grain moisture, late-season plant height, and late- 
season lodging did not differ between rotations or tillages 
(data not shown). 

Wheat 

Wheat response to tillage and rotation varied with year, 
therefore results for 1989 to 1991 are shown separately 
(Fig. 3). In contrast to corn and soybean yields (which 
were 20 to 30% above the 1989 to 1991 state average), 
wheat yields were about 25% below state average levels. 
Although several factors were responsible for the rela- 
tively low wheat yields, a major factor was delayed plant- 
ing, which occurred in early October after corn and 
soybean harvest. This is nearly 4 wk later than the opti- 
mum wheat seeding date in Wisconsin (Dahlke and 
Oplinger, 1991). For wheat following corn or soybean, 
growers may have to sacrifice some corn or soybean yield 
potential by planting earlier maturities to allow for earlier 
wheat seeding. Another option may be to aerially seed 

wheat into soybean in late August, before leaf drop 
occurs. 

In 1989, averaged over rotations, wheat grain yields 
under the MP system were 35% lower than for NT (Fig. 
3A). There were no differences in yields between rota- 
tions in NT, but with MP, continuous wheat yielded 9% 
lower than wheat in rotation. Variable MP stands, due 
to both a cloddy, loose seed bed (which hindered opti- 
mum seed placement resulting in reduced and slowed ger- 
mination) and to winter injury, were primarily responsible 
for the reduced yields. Visual ratings in spring 1989 indi- 
cated an average 33% stand loss due to winter killing for 
wheat under MP compared with only 14% loss with NT. 
Increased residue cover with NT probably resulted in 
retention of greater snow cover during the winter. Cox 
et al. (1986) also found that in severe winters, residue on 
the soil surface with NT retained snow provided insula- 
tion for the crop and decreased stand losses. 

In 1990 under NT, yields for wheat following soybean 
were similar to those for continuous wheat (Fig. 3B). But, 
wheat following corn yielded 23% lower than these treat- 
ments. Under MP, continuous wheat yields again aver- 
aged 36% lower than wheat following corn and soybean. 

In 1989 and 1990, NT wheat yields were always simi- 
lar to, or greater than, those for MP (Figs. 3A and 3B). 
But in 1991, NT yields were lower than yields with MP 
for both rotation treatments (Fig. 3C). Yield losses with 
NT were even greater for continuous wheat. In 1991, NT 
continuous wheat yields were 36% lower than for wheat 
following corn or soybean, but there were no differences 
between rotations under MP conditions (Fig. 3C). Above- 
average temperatures during May and June in 1991 (Table 
2) contributed to reduced wheat yields in 1991. Also, a 
high incidence of wheat diseases (primarily Septoria [Sep- 
toria spp.], leaf rust [Puccinia recondita], and soil borne 
mosaic virus) further reduced yields. Although foliar dis- 
ease ratings were not obtained, we observed more leaf 
disease symptoms under NT. Greater surface residue with 
NT may have harbored more inoculum and increased the 
severity of leaf diseases compared with MP. Sutton and 
Vyn (1990) in Ontario found that crop sequence and till- 
age systems influenced severity of specific wheat diseases, 
but total foliar disease severity was not influenced by 
these factors. In their work, NT and/or continuous wheat 
promoted severity of some diseases but suppressed other 
pathogens. 
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Cultivars Argee and Caldwell responded similarly to
crop rotation, but cultivar yields were influenced differ-
ently by tillage and year (Table 5). In 1989 and 1990,
Caldwell yield was reduced more (20 bu/acre in 1989; 17
bu/acre in 1990) than Argee (13 bu/acre in 1989; 0
bu/acre in 1990) under MP than under NT. We suspect
the reduced yields for Caldwell under MP compared with
those for Argee these 2 yr were related to lower win-
terhardiness of Caldwell (Oplinger and Forsberg, 1992).

«o

2
a>

c/s/w s/c/w COM.

Crop Rotation Sequence
Fig. 3. Relationship between crop rotation sequence and wheat grain

yield for no-till (NT) and moldboard plow (MP) for 1989 (A), 1990
(B), and 1991 (C). Values are averaged over two cultivars. Crop ro-
tation sequences: corn-soybean-wheat (C/S/W), soybean-corn-wheat
(S/C/W), and continuous wheat (Cont.). Vertical bar indicates LSD
(P = 0.10).

Table 5. Grain yield for wheat as influenced by year, tillage sys-
tem, and cultivar, averaged over crop rotation sequences.

Year

1989 1990 1991

Cultivar MPt NT MP NT MP NT
bu/acre

Caldwell 27 J 47
T

Argee 36 § 49

22 § 39 50 § 42
T T
43 § 42 47 § 32

t Difference between cultivars, within tillage system and year, is signifi-
cant at the o = 0.10 probability level.

t MP = moldboard plow and NT = no-till.
§ Difference between tillage systems, within cultivar and year, is signifi-

cant at the a = 0.10 probability level.

Ratings in spring, 1989 for MP indicated 51% stand loss
for Caldwell compared with 15% loss for Argee. Under
NT, stand loss was below 20% for both cultivars.

In 1991, Argee yields were reduced more (15 bu/acre)
than Caldwell (8 bu/acre) under NT than under MP
(Table 5). There is little difference in susceptibility be-
tween the two cultivars for Septoria and leaf rust diseases
(Oplinger and Forsberg, 1992), but in adjacent cultivar
trials we observed higher susceptibility to soil borne
mosaic virus in Argee than in Caldwell.

We found no advantage to three-crop corn, soybean,
and wheat rotations compared to corn-soybean rotations
in the northern Corn Belt using conventional ground-
based winter wheat planting techniques following corn
or soybean harvest. Adding wheat to corn-soybean rota-
tions may be more beneficial when (i) soybean diseases
(primarily brown stem rot) limit yields to a greater ex-
tent than in this study or (ii) if alternative wheat seeding
practices (such as aerial-seeding into standing soybean)
are used.
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