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The benefits of growing corn in rotation with other crops as opposed to continuous corn 
have been mentioned in numerous research and technical publications. The benefits of adding to 
the crop mix include improved soil structure (Raimbault and Vyn, 1991) and soil nutrient 
availability (Copeland and Crookston, 1992). especially from rotations that include legumes such 
as soybeans or legume cover crops. Other benefits include better weed (Bhowmik and Dow, 
1982). insect (Benson, 1985) and disease control (Edwards et al., 1988). Although most corn in 
Michigan is grown in rotation with other crops, little emphasis has been placed on the economic 
benefits of crop rotation. In areas of Michigan that support their growth, acreage for soybean and 
wheat have increased since 1993, and 1995 yields for both crops were record highs. 

The Living Field Laboratory (LFL) is a long-term crop rotation experiment which was 
initiated in 1993 at the Kellogg Biological Station in Hickory Corners. It is designed to test 
varying combinations of rotation and cover crops under several agronomic management regimes. 
This report will focus on the productivity and economic viability of corn grown in rotation with 
soybean and wheat under two management systems: one with fertilizer, the other with composted 
manure from the dairy at the research site. 

MATERIALS AND METHODS 

The design is a split-split plot with four replications. Main plots are two levels of 
agronomic production: 

(i) integrated compost management (int camp.)- banded herbicide plus cultivation for 
weed control; pesticides if needed; dairy manurdstraw or sand compost as a fertility 
source 

(ii) integrated fertilizer management (int. fen.)- banded herbicide plus cultivation for 
weed control; pesticides if needed; commercial fertilizer as a fertility source 

Sub-plots are the entry points of a corn-corn-soybean-wheat rotation, plus continuous 
corn; each crop in the rotation is grown every year. The second-year corn entry point is included 
(as opposed to the standard corn-soybean-wheat rotation) for research purposes to document a 
decreasing yield phenonienon in second year corn (Crookston et al., 199 1) 
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All crops in the rotation are grown with and without an interseeded cover crop except 
soybeans, Cover crops in corn were sown at second cultivation (stage V-5-6) with a PTO-driven 
Orbit-air seeder. The cover crop sequence for the entry points is as follows: 

(i) first-year corn- legume (hairy vetch in 1993, red clover thereafter) + annual ryegrass 
(ii) second-year corn- annual ryegrass 
(iii) continuous corn- legume (hairy vetch in 1993, red clover thereafter) + annual 
ryegrass 
(iv) wheat- red clover frost seeded in March 

N was applied to corn plots based on 130 bulacre yield goal and pre-sidedress nitrate test 
(PSNT) levels. In 1995, a 60 Ib N credit was given to first-year corn following wheat that had 
been fiost-seeded with red clover. P & K for all fertilized plots were applied based on soil test lab 
recommendations. In wheat plots, N was sidedressed at 50-60 Ibs in early April. Soybean plots 
received no fertilizer N. Each year, composted manure from a dairy located near the research site 
was applied on a dry weight basis to the integrated compost management plots in April (corn and 
soybeans) and October (wheat) with a manure spreader. An attempt was made to supply N from 
the compost to meet corn yield goals, assuming 15% N available in the first year of application. 
Because of the low N availability, the decision was made to apply a larger amount of compost 
than the 5-10 tonsla commonly used in manure applications. This resulted in an application rate 
of 25 tonslacre in 1993, 47 tonslacre in 1994 followed by a reduction down to two tonslacre in 
1995. 

Grain yields were determined for each crop; net returns (gross returns minus variable 
costs) were calculated using the PLANETOR economic planning program, version 2.0 (1 995). 
Input values used to calculate variable costs are listed in Table 1. 

RESULTS 

Yields for soybean and wheat are listed Table 2, corn yields are listed in Table 3. The 
position in rotation had a significant effect on corn yield in 1994 and 1995. In 1994, first-year 
corn following wheat yield was 187 bulacre, at least 24% higher than both entry points of corn 
following corn (Fig. 1). In 1995, first-year corn yield was 155 bulacre, 14% higher than second- 
year and continuous (third year) corn (Fig. 1). In 1995, the benefit of corn following wheat was 
enhanced by red clover frost-seeded into wheat the previous year. The first year-corn with cover 
yielded 163 bulacre, compared with 146 bulacre for first-year corn with no cover (Fig. 2). 
Compost greatly reduced yields of corn following corn in 1994, but produced high first-year corn 
yields (Fig. 3). 

Net economic return data for each year are summarized for both fertility systems in 
Tables 4a and 4b. Under both fertility management systems, and in both years , first-year corn 
produced higher net returns than corn following corn. In 1994 in the integrated compost system, 
first-year corn net returns were at least as $143.00/acre higher than net returns from corn 
following corn. 



Table 1. l n ~ u t  values for calculation of variable costs used in PLANETOR 
Inputs Units Price 
Compost application $/acre 15.00 
Fuel $/gal 0.90 
Seed 

Corn $/acre 24.00 
Soybean $/acre 12.00 
Whcat $/acre 5.00 

Ann. rycgrass $/acre 7.50 
Red clover $/acre 12.00 

Fcrtilizer 
N $Ab 0.18 
P $Ab 0.10 
K $/lb 0.10 

Herbicide 
Corn $/acre 8.52 

Soybean $/acre 5.42 
Insecticide 

Corn $/acre 13.00 
Operating interest $/acre 10.00 

Table 2. Wheat and sovbean vield meiins within eiich vear bv fertilitv managenlent tyne, and cover. 
1993 - - 1994 1995 

no cowr no cover cover -- no cover cover 
vield @~/acre) 

Standard deviation in parentheses 
Wheat 
Integ. compost 23 (2.6) 48 (5.5) 46 (3.1) 58 (7.4) 48 (3.1) 
Intcg. fen. 18 (1.9) 47(2) 47(3.9) 66 (6.3) 57 (5.1) 

Soybean 
Integ. compost 50 (6) 
Intcg. fen. 45 (4) 

Tahle 3. Corn vicld means for each year bv fertility management tvne, entry noint, and cover. 
1993 - - 1994 1995 

no cover co\.er no cover cover -- no cover cover - - 
vield @u/acre) 

standard deviation in parcnthescs 
Intep. comwst 
1st yr corn 134 (7) 131 (12) 186 23) 187 (3) 
2ndyrcorn 128(9) 131(14) 127 (23) 108 (9) 
cont corn 120 (36) 132 (19) 118 (10) 125 (6) 
In t c~ .  fen. 
1st yr corn 157 (8) 157 (1 1) 185 (11) 191 (10) 
2ndyrcorn 166(15) 156(17) 178(6) 157 (9) 
cont corn 158 (24) 153 (13) 137 (30) 14 1 (34) 









Table Ja. Product income, variable costs, and net ecorlo~iiic return per acre for all crops under integrated compost management, 1993- 1995 

19')3 
Co\.rr No cover 

10')1 
No cover 

1995 - 
Cover No cover 

First yr, corti 
Product income @ $2.50/bu 
Variable costs 
Net economic rcturn 

Second yr. corn 
Product income @ $2.50/bu 
Variable costs 
Net ccorlonlic rcturn 

Coritinuous corn 
Product inconle @ $2.50/bn 
Variable costs 

e 
4 Net economic return 
'a 

Wheat 
Product income @ $4.00/bu -- 
Variable costs -- 
Net ccorion~ic return - 

Soybean 
Product income @ $6.25/bu -- 
Variable costs -- 
Net ecoriomic return -- 



Table 4b. Product income. variable costs, arid riel ccorioriiic return pcr for all crops under integrated fertilizer management, 1993-1995 

1')93 
Cover No cover Co\.lcr No cover Co\lcr 

First yr. corn 
Product income @ $2.50/bu 
Variable costs 
Net economic return 

Second yr. corn 
Product iriconie @ $2.50/bu 
Variable costs 
Net cconomic return 

Continuous corn 
Prod~icc income @ %2.50/bu 
Variable costs 

r 
m Net econonlic return 
0 

Wheat 
Product income @ $4.00/bu -- 
Variable costs -- 
Net econor~lic return -- 

Soybcari 
Product inconic @ $6.25/bu -- 
Variable costs -- 
Net economic return -- 

19')5 
No cover 



CONCLUSION 

In consecutive years of transition from continuous corn to corn in rotation, first-year corn 
following wheat produced the highest yield and net economic return. This effect occurred under 
both compost and fertilizer management. In the second year of transition, the advantage of corn 
following wheat was enhanced by interseeded red clover in the wheat, especially under compost 
management. Because this experiment will have the same comparisons each year, we will 
determine if the beneficial effect of preceding clover in wheat will continue to boost productivity 
of first year corn. 

In a cropping system where manure is available, or is a by-product of a livestock 
operation. the integrated compost system that utilizes first-year corn following wheatired clover 
may prove to be advantageous. The data suggest that the second year of corn in the rotation 
should be removed from this system. 

When growing crops in rotation with cover several factors must be taken into 
consideration, such as the extra planting and harvesting equipment needed for different crops, 
and a higher degree of crop management with respect to planting of cover crops. Nutrient needs 
must be monitored when rotating from one crop to the next. The additional crops create more 
opportunities for fluctuation in profits and this is hrther affected by crop price ratios. As this 
experiment enters its second four-year rotation, economic and agronomic evaluation of these 
scenarios will continue. 
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