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PROLOGUE 

This is the sixth technical report of the Wisconsin Integrated Cropping Systems Trial 
{WICST). In earlier reports, we discussed the objectives of the project, the results of the 
uniformity year (1989), and the first six production years (1990-1995). In this report we 
discuss the results of the seventh year of field trials (1996). This is the fourth time all the 
phases of the six rotations have run concurrently, permitting us to again compare all the 
systems. Also included are research results of satellite trials conducted both on-farm and 
adjacent to the WICST core trials. 

1996 was a very busy year for the project as we switched from primarily Kellogg 
Foundation funding (1990-1996) to pilot project funding from the USDA-ARS (10/96). 
Although funding is on an annual basis, our joint understanding is that the pilot project on 
Integrated Farming Systems will continue for five years--until 2002. Other successful 
proposals developed in 1.996 include: 
1. USDA-National Research Initiative, "Accelerated Soil Weathering Due to Nutrient Inputs 

in Wisconsin Cropping Systems". Under the leadership of Phil Barak of the Soil Science 
Department, we will investigate the impact of the high chemical input systems on soil 
acidity and clay reactivity. 

2. Wisconsin Fertilizer Research Council, "Nutrient Monitoring in the Wisconsin Integrated 
Cropping Systems Trial". With funding from the Council, we will monitor nutrient (P and 
K) drawdown, buildup, and redistribution under the six cropping systems. 

3. Multidisciplinary Hatch Funds, "Soil Biodiversity in Wisconsin Agroecosystems". This 
funding will help the soil biodiversity team complete the soil microbiological assays as 
well as statistical analysis partially funded under the 1994 NRI grant. 

4. USDA-Sustainable Agriculture Research and Education fund, "Using Small Grain Crover 
Crop Alternatives to Diversify Crop Rotations". These funds will be used for our Small 
Grains Initiative which will include producers, elevator operators, and small grain milling 
companies. Our goal is to increase farm incomes and reduce risk through the 
diversification of cropping systems which include food grade small grains and leguminous 
cover crops. 

Summer, 1997 
Jon Baldock Agricultural and Statistical Consulting 
Lee Cunningham UW-Extension, Walworth County 
Jerry Doll UW Agronomy Department 
Dan Forsythe Superintendent, Lakeland Agricultural Complex 
Kat Griffith Communications, WICST 
John Hall Michael Fields Agricultural Institute 
Dwight Mueller Superintendent, Arlington Research Station 
Tom Mulder Project Manager 
Josh Posner UW Agronomy Department 
Ray Saxby UW-Extension, Columbia County 
Jim Schmid UW-Extension, Dane County 

We acknowledge with thanks, the contributions to this project of those who assiste_d the 
two superintendents in managing the crops and animals--Darwin Frye, Paul Bergum, Bob 
Elderbrook and Sandy Trower at Arlington and Jim Braatz at Lakeland. 



INTRODUCTION 

In the fall of 1988, a group consisting of faculty from the College of Agriculture 
and Life Sciences, agents from the Wisconsin Extension Service, agronomists from the 
Michael Fields Agricultural Institute, and farmers came together to design the Wisconsin 
Integrated Cropping Systems Trial (WICST). The overall objective of the trial was to 
compare alternative production strategies with the performance criteria of productivity, 
profitability and environmental impact. Concomitant with this technical objective was the 
decision to develop the trial in a "Learning Center" environment, where all the members of 
the community could learn about agroecology and production agriculture. 

From these discussions evolved a plan to work at two locations in southern 
Wisconsin. The Lakeland Agricultural Complex (LAC) is situated on the Walworth County 
Farm about 45 minutes west of Milwaukee, and the Arlington Research Station (ARS) is a 
University of Wisconsin research farm about 30 minutes north of Madison (see Figure 1 ). 
At both sites a 60 acre area was set aside and in 1989 a uniformity trial was held in order 
to facilitate the subsequent blocking of the core rotation experiment. 1990 was the first 
production year of the project. 

The selection of cropping systems provoked a great deal of discussion within the 
group. Ultimately a factorial array of rotations was selected. It was observe.d that within 
southern Wisconsin there were two principal types of farm enterprises; cash-grain and 
forage-based systems, each with its own production requirements. At the level of 
production strategy, our hypothesis stated that as systems became more complex, they 
would require less and less external inputs to remain productive. As a result, production 
strategies with a high, medium and low level of complexity were designed. Put in an 
inverse fashion, systems that required a high, medium and low level of purchased inputs 
were put into practice. The six rotations are schematically represented in Figure 2. Some 
of the anticipated differences between the rotations are outlined in Table 1. 
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Figure 1. Outline of major Land Resource Area 958 and two sites of 
the Wisconsin Integrated Cropping Systems Trial. 
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*Area within the circle Is proportional to the length of the rotation (1, 2, 3, or 4 years). 

Figure 2. Schematic drawing of cropping systems In the 
Wisconsin Integrated Cropping Systems Trial. 
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Table 1. Productivity, Economic, and Environmental Comparisons Between Rotations. Wisconsin Integrated Cropping Systems Trial, 1990. 

Rotation Predicted Mean above Mean energy Energy Variable Cbemical io121.1ts Erosions 
yield/acre ground input2 output/input3 costs4 Fert N Herbicide Insecticide 

productivity 1 on corn 
lbla/vc McallaVLc catiQ ~LaVLc lbla 81La 81La tlaVLr 

R1 
Cont. Corn 150 bu 15,780 2369 6.0 140 150 Atrazine 2 lb Counter 1.4 lb 4.1 

Alachlor 2 lb 

R2 
drilled soybean 55 bu 12,510 1788 6.9 104 110 Bladex 2.5 lb 0 4.0 

corn 160 bu Alachlor 2.5 lb 
Sencor .5 lb 

Treflan 1.5 lb 

R3 
< row soybean 40 bu 10,010 763 12.6 50 0 0 0 2.9 

wheat 60 bu/2t straw 
corn 120 bu 

R4 
seeding alfalfa 3tdm 10,710 1188 13.7 110 10 Eptam 2.9 lb Lorsban 1 .0 lb 1.9 

hay I 5tdm Bladex 2.0 lb 
hay II 5tdm Alachlor 2.5 lb 
corn 160 bu 

Rs 
oats/alfalfa 60 bu/2t dm 9,440 811 18.2 45 10 0 0 1.6 

hay I 4tdm 
corn 120 bu 

Rs 
rotational 4tdm 8,000 129 104.3 16 na 0 0 0.5 

graziag 
1 Mean above ground productivity: dry matter biomass production per acre per year. Calculated based on the following harvest indices: Corn .45; 

soybean .35; wheat .42; oat .45. 
2 Mean energy input includes only seed, fertilizer, lime, pesticides, and fuel. Based on Pimentel, D. 1980 Handbook of Energy Utilization in Agriculture, 

CRS Press Inc. 
3 Ratio of energy value of agricultural output to energy consumption 
4 Variable costs include seed, fertilizer, pesticides, drying, fuel, and labor. Costs based on 1988 Wisconsin Crop Budgets. R. Klemme and L. Gillespie. 
s Erosion estimates were made using the USLE for a 4% slope, 200 feet long with a silt loam soil and contour planting. 



The Main Systems Trial - 1996 

1. Arlington Agricultural Research Station- 1996 Agronomic Report 
Paul Bergum and Dwight Mueller* 

A. Corn Phase 

1 

Treatment of all the corn plots was similar to 1995. Corn in CS 1, CS2, and CS4 were all 
planted on May 3rd at 31 , 500 seeds/ A with a 105-day corn (Pioneer 3563). CS3 and CS5 
were planted on May 13th at 34,000 seed/A with a 95-day corn (Dekalb 493). Deep 
nitrate soil tests were taken for the CS 1 plots. As a result of the tests, a side-dress 
application was applied of 75 lb. N/A on plots 109 and 204 and 100 lb. N/A on plots 306 
and 412 on June 29. Legume and manure credits were taken in the other systems and 
only CS2 system received additional N ( 120 N/ A). 

Weed control in treatments CS1, CS2, and CS4 was very good. Because of an extended 
wet period in June (table 1 a and figure 2a), the systems depending on mechanical weed 
control suffered. CS3 and CS5 were rotary hoed 4 times and cultivated 4 times. In CS3, 
the weed pressure caused approximately a 50% decrease in the corn yield (83 bu/a). 
Thistles were manually controlled in some of the CS3 plots when needed. Quack grass 
was a problem on the edges of many plots. Monitoring and routine spraying the edges of 
these plots may be needed. Corn yields for the other 4 rotations however, averaged 
between 140 to 150 bushels/A which was normal for the Arlington Prairie in 1996. 

B. Soybean Phases: 
We planted Asgrow 1900 at 235,000 seeds/A in 7" rows for the CS2, no-till rotation. The 
same variety was planted at 175,000 seeds/A in 30" rows for the CS3 rotation. Both 
plantings were done on May 14th. The CS2 soybeans were no-tilled into high residue 
cover (approximately 75% cover) with a Lilliston no-till drill. We feel that there are better 
no-till drills on the market and that while our plant stand was adequeate, it may have been 
better if we had used a current model no-till drill. Cooler and wetter than normal weather 
caused a slow and poor germination of the plants. For CS2, a pre-plant treatment of 1 
pt/A of Round-up helped control early weeds. Weed control for the rest of the growing 
season was excellent in the CS2 rotation. Mechanical weed control in CS3 was very good 
until late in the season when some velvet leaf and annual grasses broke through the 
canopy. The unusual part is the wide row beans (60 bu/a) continue to out yield the narrow 
row (solid seeded) beans (54 bu/a). 

* Field Technician and Farm Superintendant respectively,Arlington Research Station.(608-346-3761) 
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C. Wheat/Red Clover Phase: 
Wheat (var. Glacier) was planted in mid-October following soybean harvest and light tillage 
at a seeding rate of 180 lbs.IA. The Red Clover was frost seeded on February 29 at 20 
lbs.IA. with a Brillion seeder. The hard winter and unusual spring weather (first warm, then 
very cold;figure 1 a) caused most of the wheat to die. It was decided to no-till in spring 
wheat to try to preserve the existing red clover. Yields were 45 bu/a and there was a fair 
stand of red clover for fixing nitrogen into the soil. 

D. Forage Phases: 
The new seedlings in CS4 and CS5 systems were planted on April 8th at a rate of 15 lbs.IA 
(var. ICI 631). Bay oats were planted in CS5 at 64 lbs./ A. All the established plots were 
harvested 4 times during the season. A cold spring and a dry fall made for inconsistent 
yields. The last cutting was made on October 28. CS5 oats were taken off as silage on 
June 28. Both CS4 and CS5 alfalfa stands established well and were harvested twice 
during the season. 

* Appendix 1 is an agronomic diary of the 1995 field operations and input/output data for 
the Arlington Agricultural Research Station site. 
* *Table 2b shows yield results for the 1996 growing season 



2. Lakeland Agricultural Complex - 1996 Agronomic Report 
Dan Forsyth 1, John Hall 2

, Lee Cunningham 1, Tom Mulder3 

Each year we seem to make note of how the weather(Table 1 b, Figure 1 b and 2b) impacts 
crop growth and yield(Table 2b) more than all other factors. This was certainly true again 
at Lakeland and the impact was even greater than in any of the past six years. Our 
challenges began early in the year when we tried to make up for lost time by applying 
manure to the plots in February that did not get applied the previous fall when snow and 
cold weather halted field work. Winter wheat was nearly completely winterkilled again this 
year and in early April we decided to till and replant with oats. March and early April 
weather was very dry and we were able to do tillage and plant CS3 and CS5 oats and CS4 
direct seeded alfalfa early in April. It was so dry that we could do tillage while there was 
still some frost below the tillage depth. In CS5 we planted a mixture of 2. 5 bu/a Oats, 10 
lb/a alfalfa, 3 lb/a red clover, and 3 lb/a perennial ryegrass with the hope that this would 
reduce the quackgrass infestation in this system. 

3 

Soon after mid April the weather turned wet in southeastern Wisconsin and stayed very wet 
until late June. There was standing water in many of the plots at various times during this 
period. Few of the oats plants died but most of them were stunted and yellowed by the 
waterlogged soils. The direct seeded alfalfa fared worse with nearly all of the plants dying 
except for those in Rep IV which is over drainage tile. These three plots were tilled and 
summer seeded to alfalfa in August but weather had then turned dry and seeds did not 
germinate until rains came in October. It is unlikely these plants will survive the winter. 
The Rep IV direct seeded alfalfa plot that did do well was very weedy as we were not able 
to apply Pursuit early in the season so in August we applied Poast Plus for weed control. In 
CS5 oats/alfalfa, the clover seemed to do much better than the alfalfas in these less than 
ideal conditions. We hope to also see some alfalfa in these plots in 1997 during the 
expected high production forage phase of this system. 

Rotational grazing also had problems with the wet conditions. Ten animals averaging 550 
pounds were put on pasture May 13. Three of these animals were removed Aug. 7 and the 
rest removed Sept. 12. · Like at Arlington, to better manage pastures, the cattle were all in 
a single group and moved together from paddock to paddock. We tried to reserve one 
"sacrifice" paddock for the cattle during wettest periods but all the paddocks suffered some 
from the animal traffic with damaged plants and compacted soil. Animals spent some time 
grazing the main alleys and were later moved to new paddocks adjacent to the trial. 
Although average weight gain was a respectable 1.6 lb/day, animals were only on the 
WICST paddocks 50% of the total grazing period. Damage appeared to be severest on Reps 
1 and 2 and these paddocks were manured, tilled and reseeded in August but, as with the 
reseeded alfalfa plots, it is doubtful whether the late germinated plants will survive the 
winter. 

1 Lakeland Agricultural Complex Farm Superintendent and UW-extension Agribusiness Agent, Walworth 
Co. (414)741-3175, 2 Agronomist, Michael Fields Agricultural Institute, East Troy, Wl.(414)642-3303 
and 3 WICST Project Manager, Agronomy Dept., UW Madison. 



The last crops to get planted were the corn and soybeans. There were periods during May 
and June when another day or two of dry weather would have allowed soil tillage but then 
the rains would return and field work would again be delayed. Corn and soybeans were 
finally planted June 26. There was so much weed growth on the no-till plots by this time 
that we used 1 qt/a Roundup and 1 pt/a 2-4,D for a burndown treatment. The burndown 
treatments were effective and along with the planned additional herbicides, weeds were 
controlled well. The late planting did help with weed control on the tilled treatments; 
mechanical control was effective in the no herbicide systems and postemergence broadleaf 
control was not needed in the high input systems. At this late date we planted a 75d RM 
corn variety and a 0. 7 RM soybean variety. Corn yields averaged a .disappointing 50 bu/a 
with highest yields when corn followed alfalfa. Yields were likely reduced by the late 
planting, dry summer conditions, and soil compaction. Since we wanted grain yield for 
comparison, corn was harvested as high moisture ear corn but for a dairy farmer it would 
have been wiser to harvest the corn as silage. Soybeans yielded 39 bu/a in the no-till 
system and 27 bu/a for the wide-row beans. Part of the reason for the wide-row lower 
yield may be that the variety was not a bush type bean and therefore plants did not spread 
out and take advantage of the between-row open area. 

Although first cutting of alfalfa was delayed by wet weather and quality was lowered, 
alfalfa production was least affected by the adverse weather conditions. We were able to 
get three forage harvests from the established alfalfa and total yields averaged 4.1 tDM/a. 
If there was some permanent damage of established alfalfa from the wet conditions it 
should appear in the CS4 alfalfa II in 1997. 

4 

Like 1995 we again had a challenge to get all the fall field work and manure spreading 
finished before ground freeze up. Everything did get completed except chisel plowing of the 
CS4 alfalfa and well sampling. 1996 will be a season to remember at the Lakeland Ag 
Complex. 

* Appendix II is an agronomic diary of the 1995 field operations and input/output data for 
the Lakeland Agricultural Complex site. 



Table1. Growing season rainfall (inches) at the Wisconsin Integrated Cropping Systems Trial Sites. 

A. Arlington Research Station 1 

Month 

April 
May 
June 
July 
August 
September 

Growing 
Season 
Total 

Yearly 
Total 

1.9.9..6. 

2.64( -0.35) 
3.20( + 0.01) 
7. 76( + 3.96) 
2.42( -1.04) 
2.83( -1.06) 
0.86( -3.37) 

19. 71 

27.99 

B. Lakeland Agricultural Complex 

Month 19963 

April 2.58( -1.22) 
May 5.69( + 2.43) 
June 6.61 ( + 2.68) 
July 3.24( -1.11) 
August 1.93( -2.08) 
September 1.57( -2.49) 

-
Growing 
Season 21.62 
Total 

Yearly 30.60 
Total 3 

.19..9..5. 1a94 

3.37( + 0.38) 2.28( -0. 71) 
5.95( + 2. 76) 1 .99( -1 .20) 
2.15( -1.65) 7.93( +4.13) 
2.81 ( -0.65) 6.08( + 2.62) 
5.02( + 1.13) 4.03( + 0. 14) 
1. 78( -2.45) 4.65( + 0.42) 

21.08 26.96 

31.84 33.99 

19952 19942 

4. 75( + 0.95) 2.37( -1.43) 
2.44( -0.82) 0.66( -2.60) 
1.57( -2.36) 3. 71 ( -0.22) 
3.13( -1.22) 1.97( -2.38) 
8.34( + 4.33) 4.48( +0.47) 
2.08( -1.98) 1.90( -2. 16) 

22.31 15.09 

35.27 21.19 

1 Data from Arlington National Weather Service Cooperative Station 

2Data from Lakeland Agricultural Complex Automated Weather Station 

30-yr avg 
1959-1988 

2.99 
3.19 
3.80 
3.46 
3.89 
4.23 

21.56 

31.14 

30-yr avg 
1959-19883 

3.80 
3.26 
3.93 
4.35 
4.01 
4.06 

23.41 

37.53 

3Data from Lake Geneva National Weather Service Cooperative Station (7 miles southeast of the 
Lakeland Agricultural Complex). 
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a. Arlington Agricultural Research Station 
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Figure 1 . Cumulative corn growing degree days for the two WICST sites 
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* GGD = (Daily Maximun (86°) + Daily Minimum (50°))/2 - 50°; where 86° is used if the Maximum 

exceeds 86° and 50° is used if the Minimum falls below 50°. 
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Table 2. Yield Results for the Wisconsin Integrated Cropping Systems Trial (1992 - 1996) 

a.Arlington Agricultural Research Station 

.c.om .1.992 ~ .1filM 1.9..9.6. 
-------------------------- bushels/acre ----------------------------

R1 - Continuous corn 144.0 123.7 178.1 143.1 
R2 - Corn after soybean 150.1 129.8 190.2 167.7 
R3 - Corn after red clover 99.2 87.1 188.4 155.6 
R4 - Corn after alfalfa 165.1 196.5 167.5 
R.5. - Corn after alfalfa 112.0 119.1 198.8 157.1 

LSD (P<0.05) 12.6 7.4 9.9 9.1 

Soybean 19.92 ~ .1filM 1.9..9.6. 
--------------------------- bushels/acre ---------------------------

R2 - Drilled soybean 30.1 52.8 42.7 1 58.1 
R3 - Row soybean 38.0 53.3 44.4 63.3 

LSD (P<0.05) NS NS NS 2.2 

Wb.e.a.1 19.92 ~ 19..9..4 1.9..9.6. 
-------------------------- bushels/acre ---------------------------

R - Wheat 45.2 28.6 60.9 67.8 

Seeded ~lfalfa 19.92 ~ .1filM 1.9..9.6. 
------------------------- ton dry matter/acre ------------------------

R4 - Direct seeded 3.59 3.27 3.21 3.19 
R.5. - Oats/alfalfa 2.632 2.383 3.372 3.21 2 

LSD (P<0.05) 0.49 0.51 NS NS 

Establisbed Eocage .19.92 ~ 19..9..4 1.9..9.6. 
-------------------------ton dry matter/acre -------------------------

R4 - Hay I 3.46 3.70 4.56 4.02 
R5 - Hay I 5.17 4.65 5.30 4.89 
R4 - Hay II 3.99 3.25 3.68 2.24 
R6 - Pasture 4. 15 2.81 2.184 3.864 2.174 

LSD (P<0.05) 1.20 1.02 0.42 0.36 

1 Soybeans replanted 6/15 due to severe herbicide damage to soybeans and poor weed control. 
2 Oats harvested as oatlage and one alfalfa harvest. 
3 Oats harvested as grain (grain and straw converted to tons of dry matter per acre). 

1.9-92 

131.5 
140.0 
83.5 

151.2 
153.6 

16.0 

1.9-92 

53.7 
60.2 

NS 

1.9-92 

45.4 

1.9-92 

1.57 
2.682 

0.90 

1.9-92 

4.16 
4.42 
3.77 
1.674 

0.59 

4 Intensive rotational grazing of heifers, forage production based on calculations using enegy requirements. 



Table 2. Yield Results (continued) 

b. Lakeland Agricultural Complex (1992 - 1996) 

:Com 1J192. 1.9..9.3. .19..9..4 .lllllli 
--------------------------- bu she Is/ acre ---------------------------

R, - Continuous corn 119.0 99.7 177.0 150.1 
R2 - Corn after soybean 126.2 101.2 184.4 149.7 
R3 - Corn after red clover 73.0 77.7 187.0 130.9 
R4 - Corn after alfalfa 113.3 211.3 154.4 
Rli. - Corn after alfalfa 101.7 80.6 198.3 143.7 

LSD (P < 0.05) 16.9 22.2 7.7 14.6 

Soybean 1992 1.9..9.3. .19..9..4 1.9.9li 
--------------------------- bu she Is/ acre ---------------------------

R2 - Drilled soybean 46.9 49.0 63.1 54.9 
R3 - Row soybean 51.9 32.3 47.4 59.1 

LSD (P<0.05) NS 12.7 2.3 2.9 

~ 1992 1.9..9.3. .19..9..4 .lllllli 
--------------------------- bushels/acre ---------------------------

R3 - VVfieat 25., 22.3 50.9 70.0 

Seeded Alfalfa 1J192. 1.9..9.3. .19..9..4 .lllllli 
-------------------------ton dry matter /acre -------------------------

R4 - Direct seeded 1 .11 2.01 1 2.37 2 1.242 

Rli. - Oats/alfalfa 3.033 1.674
•
5 3.494 1 .51 2

,4 

LSD (P<0.05) 1.02 NS 0.54 NS 

l;stablisbed Eorage 1992 1.9..9.3. .19..9..4 .lllllli 
-------------------------ton dry matter /acre -------------------------

R4 - Hay I 3.65 2.87 4.122 4.47 
R5 - Hay I 3.54 3.37 3.822 4.62 
R4 - Hay II 3.57 2.61 4.05 2 3.34 
Rli - Pasture 0· 3.366 2.546 4.086 3.586 

LSD (P<0.05) NS NS NS 0.71 

! Only one harvest;, yield fror(l 1 of 4 reps (3 reps r.uined by rain and chopped onto field). 
August cutting ruined by ram and chopped onto field. 

3 Oats harvested as grain (grain and straw converted to tons of dry matter per acre). 
4 Oats harvested as oatlage and one alfalfa harvest. 
5 Alfalfa yield was avg. from 3 of the 4 reps (1 rep ruined by rain and chopped onto field). 
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.1fili6. 

41.7 
40.1 
44.8 
64.3 
57.4 

14.4 

.1fili6. 

39.5 
27.3 

6.6 

.1fili6. 

]6.97 

.1fili6. 

0.158 

1.873 

0.50 

.1fili6. 

4.26 
4.35 
3.74 
0.966 

0.78 

~ Intensive rotatiqnal grazing of heife~s, forage production based on calculations using energy requirements. 
Winter wheat did no1 survive the winter, replaced by oats. 

8 Only one harvest; 1 of 4 reps; 3 reps had seedlings killed by wet soil conditions. 



3. Weed Seed Bank Changes: 1990 To 1996 
Jerry Doll·, Tom Mulder and Josh Posner 1 

Crop management systems influence various aspects of the soil, not the least of which 
are weeds. The rotation, tillage system, intensity of herbicide use, and integration (or lack 
there of) of herbicides with other control practices will certainly affect the weed seed bank. 
While this principle is well recognized, seed bank data to track the long-term effects of 
specific crop and weed management systems in Wisconsin are found only in the WICST 
trial. 

The range of purchased input levels for three cash grain and three livestock-based 
production systems includes a cash grain system of continuous corn, a corn-soybean 
rotation, and a corn-soybean-wheat/red clover system that uses no purchased fertilizer, 
insecticides or herbicides. Weed management in the continuous corn system uses 
conventional rates of herbicides and one cultivation. In the corn-soybean rotation, reduced 
herbicide rates are used in corn followed by one cultivation, but in soybeans conventional 
herbicide rates are used because the crop is planted in narrow rows that do not permit row 
cultivation. The corn-soybean-wheat/red clover system typically uses two or three rotary 
hoeings and two cultivations in corn and wide-row soybeans for weed control. No · 
herbicides are used in any phase of this cotation. 

The forage-based systems include a similar range of inputs. The high input system used 
herbicides and solo seeded alfalfa in the establishment year and insects are treated if 
thresholds are reached. After two full hay production years, the alfalfa is killed with fall
applied glyphosate and corn is planted for one year. In the corn phase, conventional 
herbicide rates and one cultivation are used to control the weeds. In the moderate input 
forage system, alfalfa is seeded with oats and this mixture is harvested as oatlage. After 
one full hay production year, the alfalfa is fall chisel plowed (using sweeps), and corn is 
planted for one year. No herbicides or other purchased inputs are used in the corn year so 
weeds are managed with rotary hoeing and cultivation as needed. The lowest input system 
is a permanent pasture managed with intensive rotational grazing by dairy heifers. We 
monitor the weed seed bank at both trial locations. 

Weed Monitoring Methods 
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The weed seed bank is monitored annually by counting weed seedlings that germinate in 
soil collected from selected plots early in the spring. Currently we take four subsamples of 
soil per plot, each consisting of eight 0. 75-inch diameter cores taken to a 6-inch depth 
(approximately 1.0 to 1.3 lb of soil per subsample). The soil is mixed with an equal weight 
of silica sand, placed in 8 by 12-inch plastic trays (giving a 0. 75 to 1-inch soil depth) in the 
greenhouse, and automatically subirrigated daily. Weed seedlings are counted and identified 
as they emerge through three germination cycles from May to September and the number of 
seedlings per square foot is calculated. The sampling strategy· is to sample all plots that 
have been in corn the previous year because this is a common crop in 13 of the 14 cropping 

1 Weed Scientist, Program Manager, and Cropping Systems Agronomist, Dept. of Agronomy, 
University of Wisconsin-Madison. 

·corresponding author .Phone(608)263-7 437. E-mail: jdoll@facstaff. wise .edu 



sequences. The permanent pasture is sampled every fourth year. Additional plots were 
sampled through 1996 to more closely follow seed bank changes following the red clover 
cover crop and forages in these systems. Weed seed banks are grouped into relative 
population categories as follows: 

Relative Weed Seed Bank Weed Biomass 
Seriousness (seeds/ft2) (lb dry wt/a) 

Low <400 < 50 

Moderate 401-800 51-100 

High 801-1200 101-200 

Severe >1200 >200 

The weed biomass present in the corn and soybean plots has been measured annually 
since 1992 by cutting all weeds taller than 4 inches in nine 5 by 5-ft randomly selected 
areas when corn is approximately 36 inches tall (typically early to mid July). Weeds are 
oven-dried and weighed and pounds of weeds per acre and the percentage of grasses and 
broadleaves are calculated. 

Weed Seed Bank Results 
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Data is collected for individual species but to date we have not analyzed to see if species 
shifts have occurred. Field and data observations do not suggest, however, that shifts have 
occurred. The data presented in Tables 1 and 2 include the common broadleaves of 
common lambsquarters, pigweed species, velvetleaf, eastern black nightshade, common 
ragweed, smartweed species, dandelion and shepherd's purse. The common grasses are the 
three foxtail species, barnyardgrass, fall panicum, and crabgrass. 

Cash grain-based cropping systems 

Weed populations in continuous corn vary between sites and years, but the overall trend 
is that seed banks are low and holding steady at both locations in this input intensive 
system. Broadleaf species predominate at both locations but the LAC site has averaged 
27% grass (Tables 1 and 2). 

The seed bank populations in the corn-soybean cropping system have been low to 
moderate with some fluctuation from year to year. The higher than expected numbers at 
ARS in 1994 and LAC in 1995 correspond to relatively high weed biomasses the previous 
year. This system has been completely no-till since 1994. To date there is no clear pattern 
in the relative importance of broadleaf and grassy weeds, but as with continuous corn, 
grasses are more abundant at LAC than ARS. 

The weed management strategy in the soybean-wheat/red clover/corn system of rotating 
a vigorously growing cool season crop sequence (wheat/red clover) with timely mechanical 
weedings in the two warm season crops (corn and soybeans) has seen the weed seed 
population drop in the 1996 measurements. However, in other years and phases of this 
system, seed numbers have been high to severe. It appears that we are generally through 



the "transition phase" of this system as the ( 1) mechanical weeding skills and timings of 
rotary hoeing and cultivation have improved, (2) we are getting better stands of corn and 
soybeans, and (3) the competitive effects of wheat and red clover with weeds during the 
"sod" phase of this system are becoming evident. No clear trend is evident in the relative 
importance of grassy and broadleaf species in this system but in general grasses have 
remained steady or increased. 

Forage-based cropping systems 

Weed seed populations following corn treated with herbicide in the high input alfalfa
corn system are relatively low at both sites though soil samples are taken in the spring after 
manure has been applied in the fall. Broadleaf weeds predominate in most of the sampling 
times at both sites. This system shows the speed with which weed seed populations can 
fluctuate in the soil. Seed populations are usually in the low category but have spiked to 
moderate and high levels on occasion. 

Weed seed populations in the rapid turn around oats-alfalfa-corn system have generally 
been in the moderate level. Weed control has improved with the third time we initiated this 
system and were in the low to moderate categories in 1996. Improved rotary hoeing 
cultivating skills and harvesting the oats as oatlage have helped suppress weed populations · 
at both sites. Broadleaves have always predominated in ARS but the proportion of grasses 
increased in 1996. Species composition varies greatly between systems at LAC but in 1996 
broadleaves comprised 66 to 75% of the total seed population. The continuous pasture 
system has low to moderate weed seed densities at both sites and the populations are 
essentially the same as when the trial started in 1990. This is not surprising because annual 
weeds have little opportunity to become established and produce seed in this system for 
two reasons. First, the permanent cover of forage speices dominates the landscape so that 
weeds that need either light, tillage or open space to germinate do not receive the proper 
environmental conditions. Secondly, the frequent grazing intensity results in very close 
grazing of plants that are young, tender, and readily consumed by the heifers so that any 
weeds that did germinate would probably be eaten. 

In summary, the weed seed bank populations in the high and moderate input cash grain 
systems are relatively low to moderate and broadleaves generally comprise more than 85% 
of the population. Populations in the mechanically weeded cash grain systems are generally 
steady or decreasing, but were at high (ARS) to severe (LAC) levels in CS3b in 1994. In 
1995 the seed populations were moderate at both sites in CS3. Broadleaves predominate in 
all CS3 phases except 3b in 1994. In the high input livestock-based systems, seed bank 
populations vary by phase of the system and site, but populations are generally low. 
Broadleaf species are heavy to very heavy at both sites. In the medium input livestock 
systems (CS5), seed bank populations are low to moderate and density changes are 
generally consistent across locations, but often vary within the phase of the system. 

11 
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Table I. Weed seed bank changes in WICST at the Arling!on Agricultural Research Station from 1990 - 1996. 
Cropping Seed bank 

Trt system1 variable 90 .21 92 ..21 94 95 96 

Cn seeds/ft2 Cn448 Cn 166 Cn206 Cn266 Cn 171 Cn Cn362 
% bdlf 86 84 87 86 8·1 92 
% grass 14 16 13 14 19 8 

2 Cn-Sb seeds/ft2 Cn Sb 144 Cn Sb 215 Cn Sb 280 Cn 
% bdlf 70 86 93 
% grass 30 14 7 

3 Sb-Cn seeds/ft2 Sb429 Cn480 Sb 571 Cn Sb 807 Cn Sb 258 
% bdlf 75 73 78 88 -- 96 
% grass 25 27 22 -- 12 -- 4 

4 Wh/Rc-Cn-Sb seeds/ft2 FCn FCn Sb 1066 Wh Cn725 Sb 471 Wh 
% bdlf 88 -- 64 51 
% grass 12 -- 56 49 

5 Sb-Wh/Rc-Cn seeds/ft2 Sb 206 Wh459 Cn894 Sb 850 Wh Cn Sb 339 
% bdlf 68 80 85 83 95 
% grass 32 20 15 17 5 

6 Cn-Sb-Wh/Rc seeds/ft2 FCn Sb703 Wh Cn 1079 Sb 1035 Wh Cn 
% bdlf 88 67 43 
% grass 12 33 57 

7 A-A-A-Cn seeds/ft2 A472 A264 A Cn A239 A A 
% bdlf 82 81 -- 93 
% grass 18 19 -- 7 

8 Cn-A-A-A seeds/ft2 FCn A288 A A Cn 1141 A34l A 
% bdlf 59 99 96 
% grass 41 1 4 

9 A-Cn-A-A seeds/ft2 FCn FCn A584 A A Cn272 A207 
% bdlf 90 94 83 
% grass -- IO 6 17 

IO A-A-Cn-A seeds/ft2 FCn FCn FCn 720 A269 A A Cn370 
% bdlf 93 88 -- 60 
% grass -- 7 12 -- 40 

11 0/A-A-Cn seeds/ft2 0/ A 444 A 755 Cn692 0/A 339 A Cn385 0/A 207 
% bdlf 82 64 91 95 77 61 
% grass 18 36 9 5 23 39 

12 Cn-0/A-A seeds/ft2 FCn 0/A 546 A Cn506 0/A 717 A Cn583 
% bdlf -- 82 -- 88 86 -- 57 
% grass 18 12 14 -- 43 

13 A-Cn-0/A seeds/ft2 FCn FCn 0/A 1198 A Cn 321 O/A275 A 
% bdlf -- 86 90 83 
% grass -- 14 10 17 

14 Pasture seeds/ft2 P 386 P405 p p p P 377 P 593 
% bdlf 82 75 -- 89 73 
% E[aSS 18 25 11 27 

1 Crop abbreviations: Cn = com; Sb =soybean; Wh = wheat; Re = red clover; FCn = filler com; A = alfalfa; 0 = oat 
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Table 2. Weed seed bank chanses in WICST at the Lakeland Agricultural Comelex from 1990 through 1996. 
Cropping Seed bank 

Trt system1 variable 90 .:ll 92 -2.3. 94 95 96 

Cn seeds/ft2 Cn 190 Cn68 Cn 152 Cn 310 Cn 361 Cn Cn 132 
% bdlf 87 72 80 74 56 71 

% grass 13 28 20 26 44 29 

2 Cn-Sb seeds/ft2 Cn Sb 22 Cn Sb 206 Cn Sb 512 Cn 
% bdlf so so 49 

% grass so so 51 

3 Sb-Cn seeds/fl2 Sb 193 Cnl74 Sb 106 Cn Sb 131 Cn Sb 459 
% bdlf 28 22 51 77 27 

% grass 72 78 49 33 73 

4 Wh/Rc-Cn-Sb seeds/ft2 FCn FCn Sb 570 Wh Cn275 Sb 418 Wh 
% bdlf 33 70 66 

% grass 67 23 34 

5 Sb-Wh/Rc-Cn seeds/ft2 Sb 196 Wh328 Cn 1117 Sb 1288 Wh Cn Sb606 
% bdlf 42 7 42 44 32 

% grass 58 93 58 56 68 

6 Cn-Sb-Wh/Rc seeds/ft2 Fen Sb 81 Wh Cn272 Sb 1570 Wh Cn 
% bdlf 42 63 21 

% grass 53 37 79 

7 A-A-A-Cn seeds/ft2 A236 A 956 A Cn A 315 A A 
% bdlf 47 14 84 

% grass 53 86 16 

8 A-A-A-Cn seeds/ft2 FCn A68 A A Cn228 A 151 A 
% bdlf 68 96 95 

% grass 32 4 5 

9 A-A-A-Cn seeds/ft2 FCn FCn A 117 A A Cn204 A 176 
% bdlf 65 95 90 

% grass 35 5 10 

10 A-A-A-Cn seeds/ft2 FCn FCn FCn 125 A380 A A Cn321 
% bdlf 63 46 90 

% grass 37 54 -- 10 

11 0/A-A-Cn seeds/ft2 0/A 307 A646 Cn454 0/A 587 A Cn 194 A209 
% bdlf 28 11 31 46 84 76 

% grass 72 89 69 54 16 24 

12 0/A-A-Cn seeds/ft2 FCn O/A92 A Cn 112 0/A 625 A Cnl35 
% bdlf 47 88 19 66 
% grass 53 12 81 34 

13 0/A-A-Cn seeds/ft2 FCn FCn O/A462 A Cn206 O/A242 A 
% bdlf 25 64 56 

% grass 75 36 44 

14 Pasture seeds/ft2 P 136 P 951 p p p P 168 P 104 
% bdlf 50 7 79 76 

% filaSS 50 93 21 24 

1 Crop abbreviations: Cn=com; Sb=soybean; Wh=wheat; Rc=red clover; FCn = filler com; A = alfalfa; 0 = oat 
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Weed Biomass Results 

Weed biomass has been low in the continuous corn system and in the low to 
moderate categories in the corn and soybean system except in 1992 when it reached high 
levels at both locations (Table 3). Wide variations between a predominance of 
broadleaves and grasses have occurred at both sites, often from one year to the next. 
However, because the weed biomass is often less than 20 lb/acre in these systems, 
caution must be used in giving much significance to these rapid changes in percentage 
composition of escaping weeds. In the low input cash grain system, weed biomass has 
reached tiigh and severe levels most often at Arlington. Very dramatic differences 
sometimes occur. Note the severe level of weeds (299 lb/acre) in corn (treatment 6) in 
the system at Arlington in 1996. Soybeans (treatment 5) in the same system planted the 
same day and mechanically weeded at the same times averaged only 17 lb/acre of weeds. 
To what extent this difference is due to previous crop and how much to differences in the 
seed bank (or to other factors or a combination of many factors) is subject to debate. 
Given the rainy conditions of 1996 at the time most mechanical weedings needed to be 
performed, the success of weeding the soybeans is remarkable; the severe level of grass 
weed pressure in the corn is easier to explain. 

The weed biomass in corn in the forage-based systems has always been low in the 
high input system (treatment II) and has ranged from low to severe in the mechanically 
weeded system (treatments 12 and 13). An interesting comparison is the corn in 
treatments 6 and 12 at Arlington in 1996: both are mechanically weeded and we had 
severe levels of weed biomass in the cash-grain system and low levels in the forage-based 
system. This is consistent with the observation in these studies and others that annual 
grasses are less serious the first year following a forage crop that in annual cropping 
systems. 

Table 4 summarizes the weed seed bank data by grouping the results over the initial 
(1990-92), mid (1993-94) and later years (1995-96) of the trials for both locations. In 
the cash grain systems, weed seed densities have held steady for CS 1 , increased 
somewhat for CS 2, increased considerably and then decreased for CS 3. In the forage
based systems, weed seed populations have decrease for all systems when we compare 
the early and later year periods. This reemphasizes the fact that successful mechanical 
weed management is more easily attained in forage-based systems than in cash grain 
systems (CS 3 vs. CS 5). Part of the improved weed management over time is due to the 
famed "learning curve" required to master the techniques of mechanically weeding in the 
absence of herbicide use and part is due to the rotation effect that should be present at 
this stage of the trials. Because the human element is similar across all systems, it 
appears that the forage-based systems offer more advantages to managing annual weeds 
mechanically than grain-based systems. 

Superimposed Trial Results 

Starting in 1994 we have treated small areas in the border rows of corn and soybeans 
in the organic system, CS 3, to determine if herbicide use would increase crop yields and 
be a profitable decision. The results are summarized in Table 5. No applications were 
done at Arlington in 1995 because both CS 3 corn and soybeans were very weed-free. 
Nor were treatments made at LAC in 1996 because crops were planted so late. The last 
column shows that for several cropping seasons at either location it would have been 



profitable to use herbicides to control escaping weeds in CS 3. This was true in two of 
five site-years for corn and three of five site-years for soybeans. 

Growers who do not produce organic crops can certainly make decisions at the time 
of the first cultivation to treat with postemergence herbicides or not. This decision is not 
difficult to make. It was rather obvious at the time of herbicide application whether or 
not a profitable response would be observed. Non-organic growers could simply use the 
rule of thumb of "when in doubt, leave it out" in terms of herbicide use in this system. 
Additional cost saving could also be gained in this system by using postemergence 
banded application. We applied the appropriate herbicides for the weeds present on a 
broadcast basis and growers could cut the herbicide cost by 50 to 67% with banded 
applications that would treat a 15- or 10-inch wide swath over the 30-inch crop row, 
respectively. 

Overall Summary 

Weed seed banks are dynamic. Populations can change significantly (either increasing 
or decreasing) in only a few years. Widest fluctuations in both weed banks and biomass 
occur in mechanically weeded cash grain systems. The forage-based mechanically 
weeded systems are more stable and have fewer annual grasses than the corresponding 
cash-grain system. The best of both worlds (low risk of using reduced inputs and minimal 
need for purchased nitrogen or insecticides) would be forage-based systems that use a 
postemergence broadleaf herbicide followed by a cultivation, or the judicious use of 
postemergence herbicides, on an as-needed basis, in the cash grain system. 

15 
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Table 3. Weed biomass dry weight and percentage broadleaf and grass weeds in the WICST trials in early July at the 
Arlington Agricultural Research Station and the Lakeland Agricultural Complex for 1992 - 1996. 

ARS LAC 
Ir! Year/Cro12 ~stem1 22 2J .2.4 ~ .2si 22 2J 94 95 96 

90-1-2-3-4-5-6 
c-c-c-c-c-c-c lb/acre 9 2 10 4 8 48 <I 2 I 26 

% bdlf 100 72 90 96 100 77 0 25 92 88 
% gr.ass 0 28 10 4 0 23 100 75 8 12 

2 c-s-c-s-c-s-c lb/acre 27 12 2 2 I 16 19 59 9 
% bdlf 82 77 85 26 100 63 90 40 15 
% grass 18 33 15 74 0 37 10 60 85 

3 s-c-s-c-s-c-s lb/acre 179 4 2 85 26 160 3 9 28 17 
% bdlf 61 48 0 22 83 100 96 95 27 3 
% grass 39 52 100 78 17 0 4 5 73 97 

4 c-c-sw-wr-c-sw-wr lb/acre 137 255 12 21 117 5 
% bdlf 81 75 11 10 83 26 
% grass 19 25 89 90 17 74 

5 sw-wr-c-sw-wr-c-s lb/acre 46 44 16 17 21 44 73 2 
% bdlf 87 88 70 79 37 31 - 11 14 
% grass 13 12 30 21 63 69 - 89 86 

6 c-sw-wr-c-sw-wr-c lb/acre 161 242 299 160 69 60 
% bdlf 19 47 29 - 28 11 6 
% grass - 81 53 71 - 72 89 94 
-

7 a-a-a-c-a-a-a lb/acre - 13 18 
% bdlf - 21 76 
% grass 79 - 24 

8 c-a-a-a-c-a-a lb/acre - 6 12 
% bdlf 85 85 
% grass - 15 - 15 

9 c-c-a-a-a-c-c lb/acre -- 4 35 -
% bdlf - 4 70 
% grass 96 - 30 

10 c-c-c-a-a-a-c lb/acre 2 - 42 
%bdlf - 29 - 87 
% grass 71 13 

11 o/a-a-c-o/a-a-c-oa lb/acre 60 29 186 65 
% bdlf 95 - 70 58 61 
% grass 5 30 42 - 39 

12 c-o/a-a-c-o/a-a-c lb/acre 46 - 16 36 2 
% bdlf 50 34 57 34 
% grass 50 66 43 66 

13 c-c-o/a-a-c-o/a-a lb/acre 131 - 201 
% bdlf 90 67 
% grass 10 33 

1 Crop abbreviations: c = corn; s = soybean; w = wheat; r = red clover; a = alfalfa; o = oat 



Table 4. Summary of weed seed densities when group over certain periods of years and 
---· ·=---- -- . _ ..... -·-

Cropping system 1990-92 1993-94 1995-96 

Contin. corn 205 277 247 

Corn-soybean 265 340 377 

Cn-soy-wh/rd cl. 562 887 458 

3 alfalfa-corn 383 429 255 

oat/a If /corn 560 427 279 

Permanent pasture 470 -- 310 

Table 5. Summary of response to controlling weeds in superimposed trials in cropping 
system 3 in 1994 to 1996. 

Yield, Bu/acre Profit 
Year Location Crop (loss) 

no herb. + herb % change $/acre 

1994 ARL corn 186 201 +8 .50 

1994 LAC corn 179 202 +13 15.00 

1994 ARL soybean 45 52 +15 21.75 

1994 LAC soybean 41 58 +41 68.65 

1995 LAC corn 142 152 +7 1.55 

1995 LAC soybei;ID 53 58 +9 14.80 

1996 ARL corn 76 107 +41 52.30 

1996 ARL soybean 48 50 +6 (14.30) 
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4. Monitoring Fall Nitrates in the Wisconsin Integrated Cropping Systems Trial 
T.K. lragavarapu 1

, J.L. Posner 2
, J.O. Baldock 2

, and T.A. Mulder 2 

INTRODUCTION 

18 

The amount of inorganic N remaining in the soil profile following crop harvest is an 
important factor that reflects the nitrate leaching potential of a particular field situation. The 
two major reasons that N03-N accumulates after crop harvest are: a) N uptake was less than 
expected (due to poor soil structure, drought, pest damage, etc.), and b) over fertilization 
(due to overestimation of crop yield, failure to credit the N in manure of previous legume 
crops, greater mineralization than anticipated, etc.) Since one of our objectives was to 
measure the environmental impact of alternative cropping systems, it was decided to monitor 
the soil N03-N levels under the six cropping systems of the WICST. 

MATERIALS AND METHODS 
Continuous corn (CS 1) was fertilized according to the spring preplant nitrate-N test 

while the corn in CS2 received 40 lb N/acre soybean credit. Actual N-rates applied for System 
1 and 2 corn are reported on Table 1. Corn in the CS3 system did not receive any inorganic N 
while the corn in CS4 and CS5 received 20 and 15 T/acres of dairy manure, respectively 
(Table 1 ). Dairy manure was applied to the seeding phase and the corn phases in CS4 and 
CS5 to equal an annual application rate of 10 t/acre (50 cow herd with replacements on 200 
tillable acres produces on an average 8.1 tons of manure/acre/year-we rounded it to 10 
t/acre/yr). Manure was applied at an annual rate of 10 t/acre for CS6 through 1992. Starting 
in 1993, rotational grazing was initiated at both locations. 

Initially ( 1990-1993) five random cores were taken each fall ( 1 . 5 inch probe) and 
composited to measure fall nitrates. Beginning in 1994, six cores were taken per plot in three 
pairs of randomly selected in-row and between-row samples. This modification was made to 
ensure that potential hot spots resulting from banding anhydrous were also sampled. In 1990, 
1991 and 1992 all the plots in the trial were sampled to 90 cm. By 1993 it was decided that 
full fall sampling on the 56 plots was too time consuming for the short window available after 
corn harvest and freeze-up. Therefore only six phases were sampled to 90 cm (CS 1-corn, CS2-
corn and soybeans, CS3-soybeans, CS5- oats/alfalfa, and CS6-pasture) and the remaining 
eight phases to 60 ems. Regressions built with the first 3 years of data were used to estimate 
the nitrate levels in the last 30 ems. Since 1994 all the plots in blocks I and IV have been 
sampled to 90 ems depth and blocks II and Ill to 60 ems depth. Annual regression equations 
have been used to estimate the nitrates in the final 30 ems for the plots sampled to only 60 
ems. 

RESULTS 
Fall Sampling 1996 

Fall nitrate levels are compared between all 14 crop phases in Table 2. As in the past, 
the "hot" phases are those including corn where either fertilizer or manure was used. These 
plots often have nitrate levels three to four times higher than the grassy, hedgerow checks 
samples. The forage phases are generally fairly low in residual nitrates, as are the soybean 
and the wheat/red clover phases. 

1 Former graduate student, currently Agronomy Research Information Specialist, Pioneer Hi-Bred 
International e-mail lragavaraput@phibred.com 
2 Project Coordinator, Project Statistician, and Project Manager respectively 



Table 1.WICST Nitrogen Additions as Purchased Fertilizers and Cattle Manuret 1990-1996. 

CrQJ2 Arlington Ag, Research Station Lakeland Agricultural Complex 
Year 90 91 92 93 94 95 96 90 91 92 93 94 95 96 90 91 92 93 94 95 96 
Cropping - - - - - - - - - - - lb/ acre - - - - - - - - - :- - - - - - - - - - - - - lb/acre - - - - - - - - - - -
S:)'.s~m 
CSl C C C C C C C 66 126 141 166 124 106 99 127 104 142 157 76 108 116 

CS2 Sb C Sb C Sb C Sb 0 96 0 126 0 126 0 0 109 0 123 0 128 0 
CS2 f Sb C Sb C Sb C - 0 126 0 126 0 126 - 0 124 0 111 0 126 

I 

CS3 Sb Wire C Sb Wire C Sb 0 0 110 0 0 100 0 0 0 161 0 0 97 0 
CS3 f Sb Wire C Sb Wire C - 0/ 0 119 0 0 147 - 0 0 123 0 0 67 
CS3 f f Sb Wire C Sb Wire - - 0 0 146 0 0 - - 0 0 67 0 0 

CS4 A A A C A A A 238 0 0 203 179 0 0 250 0 0 266 275 0 0 
CS4 f A A A C A A - 265 0 0 185 211 0 - 255 0 0 284 259 0 
CS4 f f A A A C A - - 215 0 0 217 196 - - 255 0 0 269 266 
CS4 f f f A A A C - - - 197 0 0 202 - - - 259 0 0 272 

CS5 0/a A C 0/a A C 0/a 179 0 161 148 0 158 147 187 0 192 201 0 194 199 
CS5 f Ola A C 0/a A C - 199 0 148 134 0 147 - 191 0 201 207 0 199 
CS5 f f Ola A C 0/a A - - 161 0 134 158 0 - - 192 0 207 194 0 

CS6 p p p p p p p 119 132 107 82 68 44 97 125 127 99 117 112 94 44 . 

/Filler com (grown before initiation of each rotation ). 
t Manured prior to com planting and legume establishment in the harvested forage systems (20 t/a in CS4, l 5 t/a in CS5). Nitrogen from IO t/a manure application 
( 1990-1992) or estimated manure production of grazing animals in the grazing system (CS6). Nitrogen in manure is total N. 
Nitrogen from green manure( alfalfa sod,red clover) plowdown not included. .... 

(0 
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Table 2. Fall Nitrates in the top 3 ft of the soil at the Arlington Research Station and Lakeland Agricultural 
Com,elex sites in 1990-1996. 

ArliogtQO Beseaci;;b StatiQD l.akelaod Agcii;;ultural CQmp!e~ 

~ 1 990 1991 1 992 1993 1994 1995 1 996 1990 1 991 1992 1 993 1 994 1 995 1996 

Cropping system - - - - - - - - - - - - - - - - - - - - - - - - - - - lb/3 ft-acre - - - - - - - - - - - - - - - - - - - - - - - - - -

Corn: 

CS 1 . Continuous Corn 87 48 97 102 154 179 66" 198 132 86 134 126 135 160 

CS2. Corn after Soybeans -t 41 105 105 166 141 170 125 78 57 80 146 80 

CS3. Corn after Red Clover - 67 83 100 144 45 - 62 59 117 130 71 

CS4. Corn after Alfalfa - 142 164 184 94 - - 122 207 209 130 

CS5. Corn after Alfalfa 101 118 150 202 82 81 80 177 160 102 

Soybean: 

CS2. Narrow-row Soybeans 78 42 74 100 71 145 73 55 76 86 86 69 120 68 

CS3. Wide-row Soybeans 75 25 66 89 83 140 76 49 34 63 86 97 125 70 

Wheat: 

CS3. Wheat/Red Clover 26 48 65 48 85 38 49 45 56 61 100 46 

Alfalfa: 

CS4. DS Alfalfa 46 32 61 80 77 117 59 34 67 41 78 97 118 134 

CS4. Alfalfa Hay I 27 49 55 46 117 62 71 54 71 86 122 76 

CS4. Alfalfa Hay II 60 69 46 104 61 63 60 93 128 75 

CS5. Alfalfa with Oats - 103 67 101 65 - 53 75 131 63 

CS5. Alfalfa - 84 67 107 51 78 79 143 76 

Pasture: 

CS6. 91 58 98 90 66 111 125 103 

Check: 36 26 28 57 108 26 38 35 29 78 79 26 

t staggered start - soil nitrates not tested until after first season in the rotation. 
•rep1-missing data 

Some of the third foot nitrate estimated: 
1993 - 3 ft for CS1, CS2, CS4 corn, CS3 soybeans, CS5 oats/alfalfa, CS6 pasture, 2 ft for remaining treatments. 
Third foot estimated using regression of 1990 - 1993 data using following formulas: 

ARS Y=2.81 + .754*2ndft n = 103 r2 = .70 
LAC Y=0.066 + .830*2nd ft n = 106 r2 = .77 

1994, 1995, 1996 - 3 ft for reps one and four, 2 ft for reps two and three. Third foot estimated using 
regressions of data from reps one and four using following formulas: 
1994 ARS Y=6.72 + .383*2nd ft n = 28 r2 = .63 

LAC Y=6.08 + .378*2nd ft n = 28 r2 = .71 
1995 ARSY=9.67 + .593*2ndft n = 28 r2 = .62 

LAC Y=8.49 + .635*2nd ft n = 28 r2 = .70 
1996 ARS Y=3.32 + .153*2nd ft n = 24 r2 = .60 

LAC Y=2.93 + .467*2ndft n = 28 r2 = .61 
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The whole farm comparisons for 1993-1996 are presented in Figure 1. These 
comparison are made by taking the proportionate amount of fall N03-N from each of the 
phases in a system in a praticular year. For example, in CS2 it is assumed that one-half of the 
farm was in soybeans and the other half in corn. As a result, farm-wide fall nitrate levels is 
the average of the levels under each crop. In general, it appears that the highest fall nitrate 
levels are associated with continuous corn; the organic CS3 has the lowest levels among the 
cash grain systems, and in most years, nitrate levels among the forage based systems (CS4-6) 
are as high or higher than in the no-till corn/soybean system (CS2). 

Statistical Analysis 
a. Model Development: 
In order to analyze the data from this research, a Random Effects Model was chosen. It was 
assumed that Sites and Years were random factors and a new variable named " Environment" 
was created. Beginning in 1993, all phases of the cropping systems were present so this 
report is based on data collected at two sites over four years ( 1993-1996), or eight 
environments. In this model; the MS treatments and subsequent MS for Linear Contrasts are 
tested against the larger interaction term of MSEnviroments by Treatment (MSEnv*Tmt; 91 
df) in tests of significance. (See Table 3). MSE residual (312 df) represents the MSE of Blocks 
(environments) x treatments, the error term that would have been used if a Fixed Effects 
Model had been chosen. 

The two prairie sites range from well drained to somewhat poorly drained silt-loam soils, and 
the initial years have included very different cropping seasons (April-Sept): 1993 was wet 
(862mm); 1995 was dry (527mm) and 1994 was an excellent year (674mm). In 1996 
May/June rainfall was 300% of the long term average, and August/September rainfall was 
only 30% of the long term average. The variation in soil type between the two locations, and 
the range in weather patterns strengthens the logic of using a Random Effects Model, 
permiting the generalization of these results to many prairie-derived soils in the Upper 
Midwest. 

B. Characteristics of the Data: 
For the statistical analysis, it was decided to use only the complete data set of O to 60 cm, 
excluding the estimated residual nitrates at the 60-90 cm depth. Initially the data from each 
of the eight environments was analyzed, both directly, and after a Ln transformation. 
Although the transformation reduced the variation in the data set, it was decided, for 
simplicity sake to work with the untransformed data. 

Although the soil nitrate data was not exactly normally distributed, it was decided that it was 
close enough to permit using ANOVA techniques of analysis. Also, the heterogeneity of 
variance in the combined data set was of concern. It was concluded that the ratio of Mean 
Square Error max/MeanSquare Error min by Environment was small enough to permit a 
combined analysis (LAC94/ARS94; 770/228 = 3.37). The second source of heterogeneity in 
the data came from the different crop phases. Nitrates were always higher in the fall of the 
corn phases than the other crops. The concern was that by using the smaller pooled error 
term of all 14 phases, especially when comparing just corn phases, incorrect conclusion would 
be drawn. It was found that the MS Environ* treatment among the five corn phases was 1.7 
times larger than among the remaining nine phases. Separate analyzes using the MSEnviron * 
Treatment (corn), MSEnviron * Treatment (pooled), and MSEnviron * Treatment (non-corn) 
indicated that with this data set, statistical conclusions from the linear contrasts did not 
change as we changed the error term. 



Figure 1. Fall Nitrates in the top 3 ft of the soil at the Arlington Research Station and 
Lakeland Agricultural Complex sites in 1993-1996 
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A third concern, as in any multi-year experiment where treatments and location on the field is 
fixed (eg. perennial crops, crop rotations), was that there could be a correlation of errors 
problem. The plot of the residuals indicated that there was some positive correlation of errors 
in CS 1 (continuous corn) and CS6 (pasture). This would give these two treatments an 
artificially lower error term and tend to depress the size of the pooled error term across all 14 
treatments. Nevertheless, these two systems only represent 2/14 of the plots in our combined 
analysis so don't contribute that much to the MS residual error or MS Env*Treatment. As 
expected, when we reran the analyzes without CS 1 and CS6 we found that our conclusions 
did not change. 

C. Results of the linear contrasts: 
Overall System Effects: 
The contrast coefficients are presented in Table 4 for the Linear Contrasts (LC). The first 13 
are the orthogonal contrasts and the final 5 were for additional contrasts that were made. The 
probability of the F-test being significant are presented in Table 5. In is interesting to note 
that in this study of six systems under best management practices there is no significant 
difference (LC 1) in mean fall nitrates between the cash grain (CS 1, CS2, CS3) and dairy 
rotations (CS4, CS5, CS6). However, among the cash grain systems, continuous corn does 
have significantly higher mean fall nitrate levels than the corn/soybean system and the organic 
system (LC2). Among the later two, the no-till corn/soybean rotation has significantly higher 
fall nitrates (LC3) than the organic system (LC3). On the other hand, among the dairy systems 
there are no significant differences among the three systems (LC4 and LC5). Of the six 
systems, fall nitrates were significantly higher in the continuous corn system (LC14). 
Excluding continuous corn, two observations can be made: a) the three dairy systems result in 
higher average fall nitrates than the remaining two cash grain systems (LC 16); and 2) 
surprisingly, fall nitrates under pasture were not significantly lower than the remaining five 
systems (LC 15) 

Phase Effects: 
Looking at the four multi-year rotations that include corn (CS2, CS3, CS4, CS5), it appears 
that fall nitrate levels are the highest during the corn phase in each (LC6, LC7, LC9, LC12). In 
fact, we find that the corn phases in the dairy rotations have higher fall nitrates than in the 
cash grain rotations (LC17). In the three-phase organic rotation, the wheat/red clover has the 
lowest fall nitrates, even less than the unfertilized soybean phase (LC8). We found little effect 
of phase however, apart from the forementioned corn phase in the forage rotations based on 
alfalfa (CS4 and CS5). Although the seeding year had been manured, fall nitrates were· not 
higher than in hay years (LC10, LC13, LC18) nor was there a difference in CS4 between Hay1 
and Hay 2 (LC11). 

CONCLUSIONS: 
The analysis of the first four years of complete data indicate that there are not significant 
differences in fall nitrate levels between enterprise types, although the continuous corn system 
does have the significantly highest residual nitrate rates. If that system is removed from the 
analysis, the three dairy systems result in higher average nitrate levels than the two cash grain 
systems. Among the phases within the rotations, corn is always the phase with the highest 
nitrate levels and the highest residual levels are found in the dairy rotations where manure plus 
alfalfa legume credits result in more nitrogen available than the crop can take up. In the alfalfa 
years following the "hot" corn phase however, fall nitrate levels do drop to low levels. 



,q-
N 

Table 4. Linear Contrast Coefficients 

Treatment 1 2 3 4 5 6 7 8 9 10 11 12 13 14 
Cropping system 1 2 2 3 3 3 4 4 4 4 5 5 5 6 

Crop phase Corn Corn Soybeans Corn SoybeansWheat Corn DS-alf Alfi Alf2 Corn Oats/alf Alf Pasture Total 

Orthogonal contrasts: 

1 Cash grain rotations vs Dairy rotations 4 4 4 4 4 4 -3 -3 -3 -3 -3 .-3 -3 -3 0 
2 Cont. Corn vs. Other cash grain rotations -5 1 1 1 1 1 0 0 0 0 0 0 0 0 0 
3 CS2 vs CS3 0 3 3 -2 -2 -2 0 0 0 0 0 0 0 0 0 
4 Pasture vs other Dairy rotations 0 0 0 0 0 0 1 1 1 1 1 1 1 -7 0 
5 High vs Low input Dairy rotations 0 0 0 0 0 0 3 3 3 3 -4 -4 -4 0 0 
6 Corn vs Soybeans in CS2 0 1 -1 0 0 0 0 0 0 0 0 0 0 0 0 
7 Corn· vs other phases in CS3 0 0 0 2 -1 -1 0 0 0 0 0 0 0 0 0 
8 Soybeans vs Wheat in CS3 0 0 0 0 1 -1 0 0 0 0 0 0 0 0 0 
9 Corn vs alf in CS4 0 0 0 0 0 0 3 -1 -1 -1 0 0 0 0 0 

10 DS alfalfa vs established alfalfa in CS4 0 0 0 0 0 0 0 2 -1 -1 0 0 0 0 0 
11 Alfalfa 1 vs Alfalfa 2 in CS4 0 0 0 0 0 0 0 0 1 -1 0 0 0 0 0 
12 Corn vs other phases in CS5 0 0 0 0 0 0 0 0 0 0 2 -1 -1 0 0 
13 Oats/alfalfa vs alfalfa in CS5 0 0 0 0 0 0 0 0 0 0 0 1 -1 0 0 

Additional Contrasts: 
14 CS 1 vs all other cropping systems 13 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 0 
15 Pasture vs non continuous corn rotations 0 1 1 1 1 1 1 1 1 1 1 1 1 -12 0 
16 Cash grain vs Dairy rotations(no CSl) 0 7 7 7 7 7 -5 -5 -5 -5 -5 -5 -5 0 0 
17 Corn( cash grain rotations )vsCorn(Dairy rotations) 1 1 0 0 0 0 -1 0 0 -1 0 0 0 0 0 
18 Seeded alfalfa vs established alfalfa 0 0 0 0 0 0 3 -2 -2 0 3 -2 0 0 0 
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Table 5. Probability of F-test significance for linear contrasts 

Contrasts Pr>F 

1 Cash grain rotations vs Dairy rotations 0.50792 
2 Cont. Corn vs. Other cash grain rotations 0.0001 
3 CS2 vs CS3 0.0018 
4 Pasture vs other Dairy rotations 0.4429 
5 High vs Low input Dairy rotations 0.8511 
6 Corn vs Soybeans in CS2 0.0391 
7 Corn vs other phases in CS3 0.0714 
8 Soybeans vs Wheat in CS3 0.0209 
9 Corn vs alf in CS4 0.0001 

10 DS alfalfa vs established alfalfa in CS4 0.1183 
11 Alfalfa 1 vs Alfalfa 2 in CS4 0.9066 
12 Corn vs other phases in CS5 0.0254 
13 Oats/alfalfa vs alfalfa in CS5 0.9294 
14 CS 1 vs all other cropping systems 0.0002 
15 Pasture vs non continuous corn rotations 0.7808 
16 Cash grain vs Dairy rotations(no CS 1) 0.0319 
17 Corn( cash grain rotations )vsCorn(Dairy rotations) 0. 0244 
18 Seeded alfalfa vs established alfalfa 0.2682 

Table 3. 
A. ANOV A- Combined model 

Source df 
Environment 7 
Reps/Environment 24 
Treatment 13 
Environment x Treatment 91 
Error 312 

B. ANOVA- Annual model 
Source df 
Blocks 3 
Tmts 13 
Error 39 
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5. WICST Intensive Rotational Grazing of Dairy Heifers 
Janet Riesterer1, Bob Elderbrook2

, and Tom Mulder3 

Rotational Grazing is the lowest input system of the three Dairy Systems represented in the 
Wisconsin Integrated Cropping Systems Trial. Pastures were established at the Lakeland 
Agricultural Complex (LAC) and Arlington Agricultural Research Station (ARS) in 1990. 
Pastures were mechanically harvested (see yields in table 6) until spring 1992 when water 
lines were buried and fences built at both locations. Grazing on the trial began at LAC in 
1992. Severe winterkill at ARS necessitated reseeding of the pasture grasses in 1992 (see 
table 1 ), as a result grazing of paddocks began there in 1993. Red clover was seeded in 
pastures on alternative years through 1995 and then the decision was made to reseed every 
year and with a reduced rate if the clover stand was satisfactory. Two of the plots at LAC 
(reps 1,4) were tilled and reseeded in August, 1996 to repair severe damage by trampling 
during early summer wet weather. 

Table 1. WICST Rotational grazing seeding dates and rates. 

Lakeland Ag Complex Arlington Ag. Res. Station 

year date species (lb/a) date species (lb/a) 

1990 5/30 Marathon red 6.1 4/23 Marathon red clover 7 
clover smooth 3 smooth broomegrass 8 
bromegrass 3.5 timothy 4 
timothy 

1992 4/30 orchardgrass 6 
bromegrass 12 
timothy 6 

7/31 orchardgrass 4.5 

1993 4/7 Arlington red clover 20 4/9 Arlington red clover 12 

1995 3/24 Arlington red clover 18 3/17 Arlington red clover* 15 

1996 3/9 Arlington red clover 18 4/26 Arlington red clover* 8 
8/20* * Arlington red clover 6 

timothy 4 
perennial ryegrass 3 

* seeded with no-till drill, otherwise broadcast seeded except for drilling with 1990 establishment 
** reps 1 and 2 

This year, in an effort to improve grazing management of the pastures, grazing animals were 
combined into a single group and each plot was treated as a separate paddock. Plot size is 
. 70 acre at ARS and .83 acre at LAC. Previously, two or three head of cattle were put in 
each plot and remained in that plot the entire grazing season. Temporary fences were 

1Graduate student,Agronomy Dept. E-mail jlrieste@students.wisc.edu 
2 Dairy Herd Manager, Dairy Cattle Center, Arlington Research Station, Arlington, WI. 
3 WICST Project Manager, Agronomy Dept, Univ. Of Wisconsin, Madison 
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moved twice weekly to provide fresh forage. With young, lightweight cattle and quickly 
growing pastures early in the season, pasture management was limited to mechanically 
harvesting the forage when the quality and palatability of maturing pasture species 
decreased. Later in the season as pasture growth slowed, and the cattle had grown and 
were eating more, there were times when even two cattle were too many for one plot, 
subsequently we were forced to supplement the animals with hay or grain. Sometimes the 
paddocks were overgrazed which stressed them and may have done long-term damage. The 
single group of animals was an attempt to remove some of these management constraints. 
In theory a large group of animals could flash graze from plot to plot early in the spring and 
then graze one plot (paddock) before moving to another in a fashion more similar to what is 
done in real farm grazing systems. As the season progressed we would have the option to 
remove animals to compensate for the animal growth and slowed plant growth. Our aim 
was to increase pasture quality and quantity. We were not sure of the effect this would 
have on management time but felt that the time spent in moving the cattle from plot to plot 
each 7 - 15 days would be offset by the time savings of daily feeding and biweekly within 
plot moving polywire for one herd of cattle rather than four. 

This new system seemed to work well. The concern about escaping animals while moving 
between paddocks was unnecessary. For our first between paddock move at ARS we had a 
crew of 6 to 8 men spaced along the temporary polywire fence we had strung between 
plots as protection but they were not needed as the animals already had a healthy respect 
for the fence. Later in the season when the animals were accustomed to the niove, one 
person alone was able to move the animals. At LAC the moving also went smoothly as the 
animals eagerly followed the herdsman as he carried their grain bucket to the next paddock. 

At ARS 12 animals averaging 444 lbs. were put on pasture May 7, 1996.. The following six 
weeks were cooler and wetter than normal with few days of sunshine. Animals spent about 
three days on each entire paddock (plot) the first three grazing rotations (36 days). After 
this time four animals were removed and grain was reduced from four to two lb/animal/day. 
By removing some animals and reducing the grain, pasture consumption was not reduced as 
the remaining 8 animals went through another grazing rotation in 12 days. During this 
period we began to give the cattle half the paddock first and later moved them to the 
remaining half when the first half was grazed. At the end of 48 days of grazing the animals 
were taken off the plots for 6 days while shrunk weights were taken and animals were 
dewormed. Pastures were fertilized with 50 lb nitrogen/acre as 46-0-0 during this period. 
Five animals were then returned to pasture for 63 more days until September 18. During 
this period the animals went through 2.5 grazing rotations of the four plots. Because 
rainfall was below normal during this period and pasture growth was slowing, cattle were 
removed early in mid September. 

Forage samples were taken weekly at ARS from the area the cattle would next be grazing. 
The samples were dried and analyzed by NIR to determine crude protein (CP), acid detergent 
fiber (ADF), and neutral detergent fiber (NDF). Figure 1 shows how these forage quality 
factors varied during the period of grazing at ARS. Averages were CP-24.0% , ADF-28.6 
,NDF-44.4 , relative feed value (RFV)-142. Forage quality was higher and more consistant 
than past years at ARS showing that that the new grazing strategy did increase forage 
quality. 
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Average cattle daily weight gain at ARS was 1.69 lb which is slightly below the 1.8 lb 
target. Weight gains of all the grazed cattle and a control group of cattle in confinement are 
shown in table 3. The animals in confinement had higher weight gains than the animals 
spending all or part of the period on pasture. What caused this reduction in weight gain? 
Three differences are: 1) amount of time spent on pasture and 2) whether or not a shrink 
weight was taken during the season, and 3) whether there were major ration and/or 
environment changes during the season. The two groups on pasture part of the season (A 
and B) spent some time on pasture, had a mid-season shrunk weights taken, and were 
moved from confinement to the pasture and back to confinement. The pasture group (C) 
spent time on pasture, had a mid-season shrunk weight taken, and were moved from 
confinement to pasture to confinement to pasture. The control group (D) spent no time on 
pasture, did not have a shrink weight taken during the season, and had no major ration or 
environment changes. This raises the question of the whether the extra information 
obtained by getting a mid-season skrink weight stresses the animals on pasture and actually 
reduces their potential weight gain. 

Table 3. Weight gains of Grazing and confinement cattle - ARS 1996 

groups of animals on pasture in confinement total 

ID # avg. beg. # days wt gain/day # days wt wt 
wt. gain/day gain/day 

A 4 429 36 1.33 98 2.01 1.84 

B 3 427 48 1.18 86 2.35 1.94 

C 5 466 134* 1.80 0 1.80 

D 5 414 0 134 2.49 2.49 

* Animals were in confinement 6 days to obtain midseason shrunk weights and for deworming; these 
six days are included in time on pasture. 
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At LAC, ten animals averaging 557 lb were put on pasture May 13, 1996. Three of the 
animals were removed Aug 7 (86 days on pasture) and the remaining seven were removed 
Sept 12 (122 days on pasture). Animals were each fed 2.5 lb/day of a grain mix through 
the end of May and 2 lb/day the remainder of the grazing season. As was mentioned in the 
LAC 1996 agronomic report, May and June were very wet and pastures were severly 
damaged by animal traffic. While allowing the pasture plots to recover, animals were 
grazed in the alleys, grazed in plots set up adjacent to the WICST trial, and fed dry hay. 
The animals only spent 46 % of the 122 day grazing season on the actual WICST grazing 
plots. Average daily gain was 1.58 lb. Samples were not collected and therefore there is 
no quality data from LAC. 

For the rotational grazing system we have collected data since 1990 on animal weight gain, 
forage quality, yields of mechanically harvested forage, and amounts of grain and hay fed to 
the animals. Table 4 is a summary of the animal numbers, grazing periods and average 
weight gains from 1992 through 1996. Pastures samples were collected weekly from the 
areas the cattle would next move to. Using results of these samples, pasture forage quality 
results are given in Table 5 for two time periods (early and late summer) during each of the 
years the cattle were grazed 

Table 4. Summary of WICST rotational grazing cattle weight gains 1992-1996 

Lakeland Agricultural Complex Arlington Agricultural Research Station 

animals grazing period weight gain animals grazing period weight gain 
year total # days lb/day total # days lb/day 

1992 8 167 2.27 - - -

1993 4 75 1.65 8 137 1.76 
8 152 

1994 8 178 2.02 8 120 1.61 

1995 8 154 1.91 8 60 0.78 

1996 3 53 1.76 4 36 1.33 
* 7 56 1.49 3 48 1.18 

5 134** 1.80 

* Animals were on pasture 86 and 122 days, only 53 and 56 of those days were on the WICST plots. 
* * Days on pasture include 6 days in confinement for midseason shrink weights and wormimg, 



Table 5. Forage Quality of WICST Rotational Grazing Pastures at Two Periods each 
Summer 

Arlington Agricultural Research Station Lakeland Agricultural Complex 
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Time period o/oADF % NDF % Crude Protein %ADF % NDF % Crude Protein 

July 1 , 1993 28.9 53.4 16.9 28.9 50.5 16.4 

Aug.1,1993 32.0 52.6 20.1 28.2 44.6 21.8 

July 1 , 1994 31.8 50.9 16.7 30.3 49.4 15.6 

Aug. 1, 1994 31.5 48.2 19.7 29.0 46.7 18.7 

July 1 , 1995 35.0 52.4 16.6 33.6 50.5 17.2 

Aug. 1, 1995 • 32.7 51.0 21.9 - - -

July 1 , 1996 26.2 41.7 23.4 - - -

Aug. 1, 1996 47.8 30.4 23.1 - - -

* forage quality data is an average from the two closest sampl;ing dates to the time period date. 
* * cattle had been removed from the paddocks at Arlington by August 1995 and samples were not 
collected at Lakeland in 1996 

Actual pasture production is difficult to determine. The pasture samples that have been 
collected regularly give an indication of amount of forage available to the animals but not 
what the animals actually consume. To estimate the actual production of the pastures we 
used animal energy consumption formulas, tables of feed composition and animal nutrient 
requirements to determine pasture dry matter consummed by the grazing animals. Daily net 
energy of maintenance (NEM) and net energy growth (NEG) requirements for the animals 
were determined by the standard formulas from the th.e 1985 NRC Publication on Nutrient 
Requirements of Beef Cattle (shown below) using average weight of each animal during the 
grazing period and their rates of gain. 

NEM in Meal/day = .077 * (kg body wt)·75 

and NEG in Meal/day = .0608 * (kg body wt)·75 * (kg body wt) 1·
119 

Daily dry matter consumption was calculated using the equation: 

total kg DM/day = (daily NEM requirement/NEM per kg of ration) + (daily NEG requirement/NEG per kg of ration) 

The pasture NEM and NEG in Mcal/kgDM used were an average of the following three 
values taken from NRI feed energy tables: 

1) 1.52 NEM, 0.93 NEG - avg. of early and medium bloom red clover 
2) 1.69 NEM, 1.08 NEG - young orchardgrass 
3) 1.48 NEM, 0.89 NEG - avg. of early and medium maturity broomegrass 
Avg = 1.56 NEM, 0.97 NEG - grass/clover mix pasture 



Values for the supplemented grain and hay were: 

1.41 NEM, 0.83 NEG - alfalfa hay, early bloom 
1.96 NEM, 1.30 NEG - grain mix 
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The actual NEM and NEG of the complete ration was calculated after determining the 
percent of daily intake from the supplemented grain and/or hay. Forage consumption was 
then determined by multiplying days on pasture by daily dry matter consumed and 
subtracting the total amount of grain or hay consummed during that period. Total per acre 
forage production was determined by adding forage consumption by all animals on that plot 
and any harvested forage and converting to a per acre basis. Table 6 shows resulting 
forage production using this method at both sites from 1990 through 1996. 

Table 6. Estimated Forage Production Using Animal Energy Requirements of WICST 
Rotational Grazing System 1990 - 1996*. 

Arlington Agricultural Research Lakeland Agricultural Complex 
Station 

Yield Quality** Yield Quality** 

year tDM/ac % CP RFV tDM/ac % CP RFV 

1990 4.15 19 142 0 - -

1991 4.70 17 113 3.39 15 105 

1992 2.81 17 128 3.36 17 118 

1993 2.18 20 133 2.54 18 114 

1994 3.86 20 124 4.08 20 137 

1995 2.17 16 103 3.58 19 117 

1996 1.67 24 142 0.96 - -

* Grazing began in 1993 at ARS and in 1992 at LAC, harvested mechanically in previous 
years. 
* * Quality determined from hand cut samples during grazing years, does not include 
mechanically harvested forage during years when cattle were grazing. 

Pasture forage production has decreased after 1994 at both sites. The forage yields from 
the mechanically harvested plots have also decreased at both sites during this time period 
(see table 2 from the agronomic report) but pasture yield decreases are greater. (Yields do 
not appear to have decreased at Lakeland but in 1994 one cutting was damaged by rain and 
not harvested.) The pasture grasses and clover are shallower rooted than alfalfa and may 
have suffered more during the dry summer weather than the mechanically harvested 
species. There is also the possibility that periods of overgrazing negatively impacted the 
pastures. If cattle and pasture management is improved by the new system of cattle 
movement and weather conditions improve, pasture production should increase. 
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6. Wisconsin Integrated Cropping Systems Trial Economic Analysis - 1996 
Richard Klemme1 and Tom Mulder2 

Despite the lower crop yields resulting from adverse planting season weather 
conditions, the 1996 economic analysis for the WICST experiment continues to show 
a level of profitability for the lower input systems comparable with those of the higher 
input systems (see Tables 1a-2b). In particular, cropping system 3 (CS#3; 
corn\soybean\wheat\red clover) continues to have gross margins and net income very 
comparable with the corn-soybean cropping system (CS#2) and greater than those of 
the continuous corn system (CS#1 ). On the forage crop side, the shorter term lower 
input corn, oats\alfalfa establishment, alfalfa rotation (CS#5) continues to have 
comparable profitability to the more intensive rotation consisting of corn, direct seed 
alfalfa and 2 years of alfalfa stand (CS#4). 

The economic performance of these cropping systems is driven by the rotation's 
gross margin. The gross margin is calculated by deducting the variable cost of 
production (seed, fertilizer, chemical, drying cost, fuel, and repairs) from the gross 
revenue generated per acre. This gross revenue is based on the actual yield and the 
price for the product when harvested. This equals the dollars available to cover the 
costs of capital, land, labor, and management. The way to interpret the adequacy of 
the gross margin figure is to estimate the amount of dollars needed per acre to cover 
these costs. For example, suppose a cash grain farmer needs about $35-$40 per acre 
to cover labor and management, $80 to $140 for rent, and approximately $40-$60 
for deprecation and interest associated with machinery and drying facilities owned on 
the farm. This sums to approximately $200 to $250 per acre of costs to be covered 
by gross margins. Cropping systems 2 and 3 had gross margins adequate to cover 
those costs through 1995, but the poor growing conditions in 1996 lead to these 
costs just being covered at Arlington and not close to being covered at Lakeland. 

As shown in Tables 1 a and 2a , the 1996 gross margins for CS#3 were equal to or 
exceeded those of CS#2 which, in turn, exceeded those of CS#1 at both sites. 1996 
was a poor growing season particularly for corn whose planting was most delayed, 
particularly at Lakeland. These weather conditions would tend to favor systems with 
less corn in the rotation, which partially explains the relatively poor performance of 
CS#1. Whether the rotation effect is starting to show up in the more diversified 
system (CS#3) remains to be seen. But there has also been a steady improvement 
not only in that rotation but also CS#2. 

Tables 1 b and 2b provide a summary of a net income analysis where labor costs along 
with machinery, building, and land ownership costs are deducted from the gross 
margin figure. Since the fixed costs are approximately the same for these three 
cropping systems, the relative net income figures mirror those of the gross margins. 
Improvements in the gross margins at Arlington have also improved the net income 

1Agricultural economist, klemme@aae.wisc.edu 
2Project manager, Agronomy Dept. 
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figure to a point where it has become positive for cropping systems 2 and 3, even in 
1996. Similar results have also been seen at Lakeland, with the net income figures 
being positive for all three cropping systems in 1994 and 1995. However, the 
growing season difficulties in 1996 are manifested in the negative net income figures, 
particularly in CS#1. 

In summary, the results indicate that the profitability in the more diversified and lower 
input systems remains higher than that in the continuous corn system. The net 
income analysis also points out the value of cropping systems 2 and 3 in covering the 
total costs of production. However, there is a significant amount of analysis left 
particularly related to the cost of capital, land, labor, and management. In particular, 
the capital cost per acre, primarily for machinery, may vary across these systems and 
will effect overall profitability. While there may be more machines in a more 
diversified cropping systems the fact that there are extended time periods for harvest 
and planting of more crops may mean a downsizing of equipment offsetting some of 
the increased capital investment caused by having the additional machines needed for 
a more diversified cropping system (CS#3). Environmental costs remain a issue to 
address. These may be more significant at the Lakeland site, but one would expect 
that they could influence the profitability of the single crop systems in particular. 
Market seasonality has not been considered in the analysis thus far; this would be 
particularly interesting to look at in light of more highly variable market prices recently 
experienced. Variability itself is an issue to look at given the possibilities of increased 
variation in weather and climate. More diversified systems may in fact offer some 
insurance against higher variability. On the other hand, the lower input systems with 
fewer pesticide control tools available may result in more variable yields from year to 
year. 
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Table 2a. WICST Gross Margins ($/acre) at the Lakeland Ag Complex, 1990-96 
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Table 2b. WICST Net Income ($/acre) at the Lakeland Ag Complex, 1990-96 
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WICST Satellite Trials - 1996 

8. Cropping System Three Chemlite Satellite Trial-Arlington, 1995 and 1996 
Tom Mulder and Josh Posner4 

In spite of very low corn yields in 1992 and 1993, and below average wheat yields, almost 
every year, Cropping System 3 (CS3) has been at least as profitable as the continuous corn 
system. It is not clear however, how much of the profitability of CS3 is due to the zero 
purchased input philosophy (organic), and how much is due to the corn-soybean-wheat/red 
clover system itself. In 1994, after two poor years with CS3(1992-1993), the County 
Committee managing the Arlington site decided to conduct a Cropping Systems 3 Chemlite 
satellite study. Although input costs would increase and future possible organic premiums lost, 
the idea was to use chemical inputs judiciously (herbicide, fertilizer) to see if higher, more 
regular yields would be possible. The chief concerns for which chemical inputs might be needed 
were continued weed pressure after hoeing and cultivation, and early nitrogen availability for 
corn. 

The trial was placed on the satellite plots to the east of the trial. The three phase rotation was 
replicated twice. The treatments were phased-in during 1994 and the first data collected in 
1995. As can be seen from Table 1, the addition of very moderate inputs, if no organic 
premiums are available, had no real effect in 1995 but markedly increased whole farm income in 
1996 due to the poor corn yields caused by heavy foxtail pressure. 

Results from the superimposed satellite trials indicate that nitrogen is not actually limiting corn 
yields in System 3 (See Chapter10). However, the superimposed herbicide treatments indicate 
that, in at least some years, mechanical weed control is limiting corn yields (See Chapter 3). 
Our data to date suggests that the three phase rotation is working and that it is productive and 
profitable under both organic and chemical input conditions. 

the Arlington Agricultural Station East Satellites 

Satellites Mainplots I Satellites I Mainplots 

Corn 1 (bu/a) 155.6 155.7 I 149.6 I 83.5 --
Soybeans2 I 68.3 I 63.8 I 60.2 I 60.2 
(bu/a) 

Wheat grain3 I 76.9 I 67·.8 I 47.2 I 45.4 
(bu/a) 

Wheat straw I 1.50 I 1.22 I 1.68 I 1.55 
(Tdm/a) 

Mean Gross 1334 1320 1308 I 218 
Margin($/a) 

Whole Farm I 147 I 136 I 11.5 I 50 
lncome($/a) 

195 Corn-100 lb/a 6-24-24 starter, .67 oz/a Accent and 1pt/a Buctril row band, and 731b/a 82-0-0 
96 Corn-100 lb/a 6-24-24 starter, .44 oz/a Accent and .5pt/a Buctril and .4 pt/a NIS row band, and 61 lb/a 82-0-0 

295 Soybeans- 1 pt/a Basagran, 4 oz/a Rsource, 1 qt/a crop oil 
96 Soybeans- same inputs as in main plots 

3Wheat- same inputs as in main plots 
4 Project manager and Research Coordinator, respectively. E-mail: jlPosner@facstaff.wisc.edu 



9. Corn Response to Commercial Fertilizer in a Low Input Cash Grain System 
Tom Mulder1 

Introduction 
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Corn yields were lower than expected in the corn-soybean-wheat/red clover (CS3) rotation 
during the 1992 and 1993 growing seasons. Experiments were initiated at LAC and ARS in 
1994 to determine the cause of the low yields and to find out whether adding some 
purchased inputs would be cost-effective. Soil fertility and weed pressure (see Chapter 3 ) 
were the targets of investigation. Fertility trials were designed to determine the effect of 
starter and sidedress nitrogen fertilizers on corn in the CS3 rotation. The trials were 
superimposed subplots at Arlington and conducted as a separate satellite trial at Lakeland in 
1994 and 1995. During these two years there was no benefit to applying either a starter or 
a sidedress fertilizer (Table 2). This trial was continued in 1996. 

Materials and Methods 
In 1996 the trial was conducted as superimposed subplots in edge rows of the CS3 main 
plots at both locations. The outer six rows of each corn plot are not used for yield 
determination. This trial was placed on the inner four of these six rows. The experiment 
was a randomized complete block design. Plot size was 40 ft x 10 ft (4-30 in rows) for a 
total area of 160 x 10 ft. along one edge of the CS3 plots in all four repetitions. The four 
randomized treatments were 1) no additional fertilizer, 2) starter only ( 100 lbs.la 6-24-24), 
3) only sidedress N (135 lbs/a 33-0-0) and 4) starter and sidedress. Corn was planted and 
sidedress N applied May 13 and June 5 at Arlington and June 26 and July 8 at the Lakeland 
site. Starter fertilizer was applied with the corn planter by engaging and disengaging the 
fertilizer drive unit while sidedress N was hand spread on the soil surface two inches from 
the corn row. Soil preparation and mechanical weed control were identical to that of the 
main plots. Corn was hand harvested, mechanically shelled, weighed and moisture 
determined. The harvest area was 30 ft x 5 ft (the center two rows). Corn was harvested 
October 21 at Arlington and November 4 at Lakeland. 

Results 
Arlington: 
Fertilizer additions had no significant impact on corn harvest moisture or yields in 1996 (table 
1). Measurements the previous fall found 100 lb/a nitrogen in the red clover foliage and 
roots. May and June weather was cooler and wetter than normal reducing the effe.ctiveness 
of the rotary hoe in this system. Heavy grass pressure (yellow and giant foxtail) reduced 
corn yield substantially (see Chapter 3). The influence of the weeds on corn growth and 
yield probably had a greater impact and masked any effects of the added fertilizer. Soil 
samples were collected from treatments with no fertilizer and with starter and nitrate 
fertilizer on June 25 and tested for nitrates. Results showed no significant difference. 

Lakeland: 
Wet conditions at Lakeland delayed planting until the end of June. Lower yields were 
expected with the late planting date. Nitrogen in the red clover foliage and roots the 
previous fall was 97 lb/A. The addition of starter fertilizer did not increase yield while the 
sidedress nitrogen application significantly increased corn yield at Lakeland (Table 1 ). 

1WICST Project Manager, Agronomy Dept. UW-Madison 



This sidedress response may be the result of soil compaction from the wet weather and 
tillage when the soil was wet. The compacted soil may have reduced oxygen in the soil, 
slowing the red clover decomposition and impeding corn root growth, thus the response to 
added nitrogen. 
Conclusions 

37 

1996 weather was wetter and cooler than average in May and June and had a major impact 
at both sites. Weed control was unacceptable at Arlington and planting was delayed six 
weeks at Lakeland. In 1994 and 1995 CS3 mainplot corn yields approached expectations 
relative to other systems at both sites (see yield Table 2). 1996 mainplots performed 
similarly at Lakeland, with all systems having depressed yields. The Arlington CS3 mainplot 
yielded far behind the other corn systems. This difference is attributed to the weed pressure 
differences between the systems and not fertility. In a satellite experiment adjacent to the 
WICST trial at Arlington where CS3 is grown using minimal inputs, corn received a rescue 
treatment of herbicide and 50 lbs/a of sidedress nitrogen. Whole plot yield for this trial 
averaged 150 bu/a compared to the whole plot average of 83 bu/a in the CS3 corn and 1 52 
bu/a average for the corn in the two systems following alfalfa and manure in the WICST trial 
(CS4 and CS5). 

Table 1. Response of Corn-Soybean-Wheat/Red clover System to Nitrogen Fertilizer 

Fertlizer Arlington Lakeland 
Additions moisture yield moisture yield 

% bu/a % bu/a 
None 41.6 61.5 44.0 32.4 

Starter only 41.3 62.4 42.0 35.1 

Sidedress only 40.9 72.6 38.0 63.7 

Starter and Sidedress 40.7 65.4 41.9 52.4 
LSD(0.05) 3.6 22.2 3.7 16.3 

Table 2. Response summary of Corn-Soybean-Wheat/Red clover System to Nitrogen Fertilizer 

Arlington Lakeland 
Fertilizer 1994 1995 1996 1994 1995 1996 
Additions 

bu/a bu/a bu/a bu/a bu/a bu/a 
None 190.3 166.5 61.5 179.8 128.0 32.4 

Starter1 185.8 164.3 62.4 158.4 137.1 35.1 
only 
Sidedress2 186.2 164.7 72.6 174.0 137.7 63.7 
only 
Starter and 192.1 162.9 65.4 176.4 135.5 52.4 
Sidedress 
LSD(0.05) NS NS NS NS NS 16.3 

1100 lb/a of 6-24-24 

2 135 lb/a of 33-0-0 
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10. WICST On-Farm Cover Crop Research 
Tom Mulder and Norm Harris1 
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The term "cover crop" describes an important use of crops grown to provide ground 
cover and protect the soil from erosion. Additional benefits of cover crops include 
providing nitrogen to a following crop, adding humus and organic matter to the soil, 
improving soil structure, collecting and temporarily storing potentially leachable 
nitrogen, and providing forage for cattle. 

Previous small plot and on-farm cover crop research at the University of Wisconsin 
has compared various species of cover crops and cover crop establishment 
strategies. Areas of comparison reported in the Second through Fifth WICST Annual 
Reports have been 1) time to establish complete ground cover, 2) biomass and 
nitrogen production , and 3) effect on subsequent corn yields. This research has 
aided in the design of the WICST Cropping System 3 (corn-soybean-wheat\cover 
crop) rotation where a red clover cover crop is spring frost seeded into a winter 
wheat crop. A fall back in this system if the clover frost seeding is not successful, is 
to plant hairy vetch after wheat harvest. 

' 

Some farmer collaborators in past on-farm cover crop research noted their preference 
for summer establishment of a cover crop following the small grain rather than spring 
establishment of the cover crop where it grows under the small grain canopy. The 
reason for their preference was their desire to be able to sell clean straw 
uncontaminated by the green cover crops. Hairy vetch has been the cover crop 
species best suited to summer establishment. Two additional plant species recently 
introduced as summer seeded cover crops are berseem clover and annual medics. 
These species are both completely winterkilled at this latitude while the survival of 
the hairy vetch is determined by the severity of the winter. This difference may give 
an advantage to the berseem clover and annual medic in a minimum or no-till 
situation since there will be no potential for these crops to become weeds competing 
with the corn crop. 

Field Activities 
An on-farm trial was initiated the summer of 1995 on the Norm Harris Farm in Dane 
County to test the potential of these two new cover crops and compare them to 
hairy vetch. The cover crops were seeded August 14, 1995 after winter wheat grain 
and straw harvest. Seeding was later than desired because wet weather delayed 
straw harvest. Three one half acre areas seeded with 2 bu/a oats and the three 
cover crop species at the following rates: hairy vetch - 25 lb/a, berseem clover - 12 
lb/a, and annual medics. - 12 lb/a. Seeding with a double d_isk drill was preceded by 
one pass with a field cultivator and followed with a light harrowing. The 1995 field 
layout is shown in Figure 1. An identical trial was initiated in 1996. In 1996 a field 
cultivator was used on August 5 but rain delayed seeding until August 8. The field 
was not harrowed. Looking back, we should have cultivated this field again, since 
later the weather turned very dry. 

1 WICST Project Manager, Agronomy Dept, UW- Madison and Farmer, Poynette. WI.. 



Three above ground oat and cover crop biomass samples (.5m x 1 m each) were 
collected from each of the cover crop areas. These samples were weighed, dried, 
and brought to the UW soils laboratory for crude protein analysis. Following this 
harvest the entire field was chisel plowed. Cover crop seeding rates and yields for 
1995 and 1996 seeding are shown in table 1. 
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The cover crop areas were relocated the following spring and preplant anhydrous 
ammonia (82-0-0) was applied to all the field except the 30 foot wide strips shown 
in Figure 1 . Corn with 200 lb/a of a 5-26-30 starter was planted on May 7, 1996. 
After corn planting, these 30 foot strips were again relocated and split into three ten 
foot wide repetitions. Each repetition contained five treatments of nitrogen additions 
(0, 40, 80, 120, 160 lb/a) in the cover crop and one treatment in the no cover crop 
area with no added nitrogen. Plot size was 10 ft x 30 ft. Nitrogen in the ammonium 
nitrate form (33-0-0) was applied June 18 at 10 inch corn height. Weed control 
practices were post emergence applications of Harness on May 1 5 and Permit on 
June 13 followed by one between-row cultivation. · 

Corn was harvested October 24 and 25 by hand snapping the ears from 25 feet of 
the center two rows of each plot. Corn was shelled and moisture content was 
determined. Samples were also collected from nearby no cover crop areas (see·· 
Figure 1) which had received the preplant anhydrous. The yield from these samples 
as well as the no cover crop no nitrogen area would be used as benchmarks to 
measure possible differences caused by field variation rather than the cover crop 
species. 

Results 
Hairy vetch had highest above ground fall nitrogen production both years (Table 1 ). 
Both above ground biomass and crude protein were highest for the hairy vetch. 
Germination and growth of cover crops were slowed by very dry late summer 
weather in 1996. 

Table 1. Seeding rates and above ground biomass and nitrogen production of three 
cover crops on the Norm Harris farm 

i:.o~ec i:.coi:2 seediag cate 1995 ]996 
becbage aitcogea becbage aitcogea 
lb OM/a % lb/a lb OM/a % lb/a 

hairy vetch 25 lb/a 4249 3.25 138 2042 3.27 67 
annual medic 12 lb/a 3888 2.50 97 1209 2.84 34 
berseem clover 12 lb/a 2860 2.36 67 1190 2.44 29 

* each cover crop was seeded with 2 bu/a of oats 
* * seed costs were: hairy vetch - $. 75/lb, annual medic - $2.00/lb, berseem clover -
$1.05/lb. 
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Cover crops had similar impacts on corn yield (Figure 2). Although yield was lower 
for the corn following annual medic, non cover crop corn yields from this area were 
also lower. When comparing the average yields of corn following cover crops to 
corn without cover crops, ratios for each of the three cover crop areas of hairy 
vetch, annual medic and berseem clover were 1.00, 1.10, and 1.09, respectively. 
When averaging yield responses following the three cover crop species, an addition 
of 100 lb/a of sidedress nitrogen was required to equal corn yields without cover 
crops and 160 lb/a nitrogen. 

Conclusion 
Corn yield response to the cover crop nitrogen was less than expected given the 
amounts of above ground nitrogen in the fall harvested cover crops. Spring 1996 
weather was wetter and cooler than normal and a possible explanation may be 
delayed nitrogen availability with slower than normal plant residue breakdown. 

Cover crop nitrogen production is dependent on planting date and weather, therefore 
it is important to develop a method to estimate the nitrogen replacement value of the 
cover crop. A mixture of compatible cover crops may both give quick ground cover 
and reduce the variation in growth caused by varied weather conditions. It is 
unlikely that any cover crop planted after July 31 in southern Wisconsin will alone be 
able to provide the entire nitrogen requirement of a corn crop. 
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Summer Seeded Cover Crops--Phase 1, 1996 
R. Vado 1, J. Posner 2, T. Mulder 2, and S. Alt 2 

Introduction: 
Although cover crops are cheaper to frost seed into winter wheat or companion seed with spring
seeded small grains, many farmers in the upper Midwest prefer seeding cover crops following 
small grain harvest. This is due to their concern that the cover crops can adversely affect straw 
quality. Frequently, clean small grain straw will add $70-100/a to the value of the crop (60 bu/a 
wheat; 100 bu/a oats). Currently the recommended option for sequential seeding is hairy vetch 
(Vicia villosa) at the rate of 25-30 lbs/a. This option however is expensive ($30/a seed costs) so 
it is necessary to look for other alternatives. 

A three year study was initiated in August, 1996 to identify the best cover crop options and tillage 
methods for sequential seeding. In 1996 and 1997 cover crop plots were planted and evaluated. 
In 1997 and 1998 corn was planted over the previous year's cover crops to measure the yield 
effect of the plowdown green manure. 

Materials and Methods: 
The trial was conducted on the Stempke farm, on a prairie derived piano silt-loam soil. Barley 
(Hordeum vulgare, var. Kewaunee) was planted in the Spring of 1996 and yielded 77 bu/a. The 
straw was baled on August 11th and the cover crop trial initiated on the 12th. A split-plot 
treatment design was used with tillage level as main plots (no-till and conventional till) and cover 
crop species as the subplots (see Table 1). The trial was planted as a randomized complete block 
with 4 repetitions and individual plots measuring 50 feet long by 20 feet wide (two passes with 
the drill). 

The no-till plots were directly seeded with a John Deere No-Till Drill, the large seeded legumes in 
the large seed box (field peas, soybeans, hairy vetch) and the small seeded crops (medic, berseem 
clover, rape) in the grass seed box. Conventional tillage consisted of a single pass with the soil 
finisher, an implement with disks, 6 inch sweeps, and a leveling drag. The cover crops were then 
seeded with the same no-till drill however, set at lowest tension level. 

Percent ground cover of the seven planted species, and unplanted check was monitored at 15, 30 
and 40 days after planting (DAP). The line transect method (Laflen et al., 1981) was used to 
estimate percent ground cover by taking a Sm string with marks every 8 ems, and making 2 
readings per plot. The frequency of intersections between marks on the string and crop residue 
laying on the soil were recorded and converted to percent ground cover. Plant biomass was 
estimated by taking two 0.5rn2 harvests in each plot in the fall (Nov. 8, 1996). 

(1) visiting Nicaraguan Agronomist 
(2) Agronomy Department, UW-Madison, e-mail JLPOSNER@FACSTAFF.WISC.EDU 
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The material was then separated into crop, weed and barley (stover plus regrowth) fractions and 
dried in a forced air oven at 60 C for 72 hours. After the separate fractions were dried and 
weighed, they were ground and analyzed for Total Nitrogen (protein-N + ammonium-N + 
nitrate-N) by Flow Injection Analysis (F.I.A.) 

Results and Discussion: 
Climate: 
Low late-summer rainfall in 1996 markedly affected cover crop growth. August plus September 
total rainfall was only 1.98 inches or 23% of the longterm average (1961-1990, 8.16 in). As a 
result, this was a very good year to test the potential of sequential seeding under dry conditions. 

Ground Cover: 
After planting the cover crops, the no-till system resulted in 3 6% cover while the pass with the 
soil finisher and drill resulted in a significantly lower ground cover of 22% (P<0.05). Germination 
and cover crop growth was more rapid with conventional tillage, so by 15 DAP, all the treatments 
had above 60% ground cover (Figure la). The very dry weather after planting and poorer seed 
soil contact in the no-till system resulted in little growth by the cover crops during the first two 
weeks (Figure lb). By the 30 DAP however, some rain had fallen, and these plots were also 
averaging about 60% ground cover. Within tillage systems, significant differences between 
treatments began to appear by 30 DAP. The small seeded legumes (berseem clover and the 
annual medic) as well as the unplanted check plots developed ground cover more slowly than the 
large seeded legumes (field peas, soybeans, hairy vetch) and mixes (hairy vetch +rape and field 
peas+ rape). Figure 2 is a summary of the results from the two tillage systems compared to the 
undistrubed check (no-till fallow plots). As can be seen, ground cover in the fallow plots was 
modest to begin with and grew slowly, while both sequential tillage systems did result in good 
cover, even in a dry year, within 30 DAP. 

Biomass and Nitrogen Accumulation: 
There was no significant difference in biomass production between tillage systems (main plots) 
nor was there a significant interaction between species (sub-plots) and tillage levels. Therefore, 
results are presented as the main effects due to species. As can be seen in Figure 3 and Table 2, 
field peas were the most productive treatment and the small seeded legumes (berseem and medic) 
the least productive. Accumulated nitrogen estimates (Table 2 column 4) are based on the % 
total nitrogen in the legume (column 2) as well as the nitrogen in the non-legume barley (stover 
and regrowth 2.8%) as well as the rape (2.3%) in the mixed species treatments. In this 
experiment, the field pea treatment had significantly more nitrogen than the other large seeded 
legumes, mixed species, and small seeded legumes. In general, this treatment resulted in a four 
fold increase in nitrogen plow down compared to the fallow check plot. 



45 

Conclusions: 
Sequential seeding of cover crops in 1996 was only marginally successful due to the very low 
rainfall following planting (1.98 in thru 9/30). Under these conditions, conventional tillage prior 
to planting resulted in better seed-soil contact and germination. By 15 DAP the conventionally 
tilled treatment had over 60% ground cover while the no-till systems averaged closer to 35%. 
Tillage however did not significantly affect final dry matter accumulation and field peas were the 
most productive treatment. Total nitrogen accumulation was 88 lbs/a. The unseeded fallow plots 
averaged only 19 lbs N/a in the above ground biomass. 

TABLE 1. Sequential Seeding Cover Crop Trial: Species planted, Seed cost, and Actual 
Seeding Rates, 1996 

Treatment Scientific Name Projected Seeding Actual Seeding 
Pounds/A Dollars/A Pounds/A 

1. Canadian Field Peas Pisum sativum arvense 120 $24.00 113 

2. Soybeans Glycine Max 120 $14.20 99 

3. Berseem Clover Trifolium alexandrinum 12 $12.60 21 

4. Hairy Vetch Vicia villosa 30 $30.00 30 

5. Medic Mix (1) Medicago spp. 12 $15.00 11 

6. Hairy Vetch/ Vicia villosa 22/3 $26.00 26/5 
Rape Brassica rapa 

7. Field Pea/Rape Pisum sativium 90/3 $21.00 71/5 
arvense/Brassica rapa 

8. Fallow check Hordeum vulgare 

1. Mixture ofParragio barrel (7%), Borung Barrel (14%), Sava Snail (38%), and Santiago Burr 
(3 8%) medics 
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Figure 2. Main effect of tillage system on % groundcover compared to fallow check, 
1996 
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Figure3. Biomass accumulation (gmDM/m2
) from summer seeded covercrops, 1996 
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Table 2.Aabove ground biomass and nitrogen production of seven cover crop mixtures, 
1996. 
Cover crop 

1 Field peas 
2 Soybeans 
3 Berseem clover 
4 Hairy vetch 
5 Annual medic 
6 Rape/Hairy vetch 
7 Field peas/Rape 
8 Fallow 

Total herbage 
grams PM/m21

•
3 

291.1 a 
128.9 C 

86.1 C 

190.5 b 
83.3 C 

202.8 b 
191.8 b 

75.9 C 

~ 
3.5 
3.5 
3.0 
3.7 
3.1 
3.7 
3.5 

Total Nitrogen 
lbs/acre 
88.5 a 
38.5 C 

21."9 d 
57.3 b 
21.2 d 
56.0 b 
52.9 b 
19.0 d 

1Represents seeded crop and barley. Weeds represent less than 1.5% of total weight and is not part of 
the calculations. 
2Nitrogen represents the seeded legume; Barley is 2.8%, Rape is 2.3% 
3Weights with the same letter are not significantly different. Separated by Duncans multiple range test. 
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12. Improving Weed Control Using a Rotary Hoe 
Tom Mulder1 
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A WICST satellite trial was initiated in 1995 at the Arlington Station to investigate 
methods of increasing weed control effectiveness of the rotary hoe and decrease its 
damage to the corn seedlings. This trial was repeated in 1996. This article will 
present the result of both years of this trial. 

Current recommendations are to rotary hoe when weeds are in the "white thread 
stage", before there are visible above ground leaves. At this stage the weed root 
systems are still small and the action of the rotary hoe can dislodge them from the 
soil. The theory is that in this condition, the weeds on the surface will dry from 
dehydration and for those still covered with soil there will not be enough energy 
remaining in the weed seed for continued growth. Although dependent on soil and 
air temperatures, weeds are normally at this "critical" stage about seven days after 
planting. A second rotary hoeing is then recommended five to seven days later to 
destroy weeds that have germinated after the first rotary hoeing. 

Past research (WICST Second and Third Annual Reports) concluded that rotary hoe 
design (one or two wheels per tensioned shank), varying the hoe weight , and 
varying the speed of rotary hoeing, all had no significant effect on weed control, 
corn plant damage, or corn population. This research did show however, that weed 
control could be improved with a double rotary hoeing with passes in opposite 
directions. This double hoeing also decreased corn population and slowed growth of 
the young corn plants. 

Materials and Methods 
Four treatments using a rotary hoe and non-rotary hoed check were compared. Two 
of the treatments used both an early (1st) and later (2nd) rotary hoeing while the 
other two treatments used only the later hoeing. Treatments were 1) 1st 1 x & 2nd 
1 x; 2) 1st 2x & 2nd 2x; 3) 2nd 1 x; 4) 2nd 2x; 5) no rotary hoeing. Omitting the 
early rotary hoeing was considered since: 1) damage to the corn plant may decrease 
as the corn root system develops; 2) the initial rotary hoeing when soil is ridged and 
uncompacted following the planter seems to be the most effective; and 3) this may 
be an alternative procedure if wet weather prevents the early hoeing at its 
recommended time. 

Trial design was a randomized complete block treatment with four replications. Plots 
were 15 feet (6 30-inch rows) width by 200 feet length. Corn was planted May 6, 
1995 and rotary hoeings were May 15 and May 21. In 1996, corn was planted May 
7 and rotary hoeings were May 22 and May 29. In both years corn was planted at 
34,000 seeds/acre. Weeds were at the "white thread stage" at the early hoeing in 
1995. In 1996 wet weather delayed hoeing and some weeds were beginning to 
emerge at the early hoeing. On the late hoeing dates weeds were easily visible on 
plots that had not received the earlier hoeing. Weed pressure was measured 

1 WICST Project Manager, Agronomy Dept, Univ. Of Wisconsin, Madison 
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using the line-transect method that is normally used for measuring soil residue cover. 
It was decided that this method would measure weed competition better than 
counting weeds since weeds vary in size and larger weeds would have a larger area 
of ground cover than smaller weeds. Weed pressure was measured at two dates, 30 
and 37 days after planting in 1995 and 39 and 45 days after planting in 1996. 
Corn height and population was taken on the date of the second weed pressure 
measurements. Weed pressure was measured with a 25 foot string with 50 marks 
at six-inch intervals. Six measurements per plot were taken in between-rows areas 
where there had not been wheel traffic while rotary hoeing. Corn plants per 1 7.4 
feet ( 1/1000 acre) were counted in each of the six rows in each plot. Corn height 
was determined by measuring ten consecutive plants in each of the six plot rows. 
Plant height was the distance from the soil surface to the tip of the longest leaf 
extended upward. 

Results 
There was a significant year x treatment interaction for weed pressure, so for this 
measurement each year was analyzed separately. Weed pressure results for both 
years and both measurement dates are shown in Table 1. For each measurement 
period, weed pressure in treatment 2 (four hoeings) is significantly less than in 
treatment 3 ( 1 hoeing). The weed control rankings are identical for all four 
measurement periods. Lowest to highest weed pressure ranking by treatments is 
2,4, 1,3,5. The later double hoeing for treatment four consistently controlled weeds 
as well as treatment one single early and later hoeings. 

Table 1. Weed Pressure as Percent Ground Cover Following a Variety of Rotary 
Hoeing Strategies in a Field of Corn 

1995 1996* 

30 OAP 37DAP 39DAP 46DAP 

Treatment Rotary Hoeings ----------------- % ground cover ----------.-------

1 1X 1X 3.75 9.00 3.67 13.89 

2 2X 2X 1.50 4.42 0.78 6.00 

3 - 1X 6.75 15.50 4.67 19.78 

4 - 2X 3.17 5.58 3.11 11.22 

5 - - 16.17 42.50 7.44 28.11 

LSD (0.05) 3.91 6.96 3.13 6.96 

* 3 repetitions, did not use 4th repetition data as there were areas of heavy foxtail in some 
plots. 
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For corn height and population there was not a treatment x year interaction, 
therefore years were combined. Corn population was only significantly decreased in 
treatment two which had a combined total of four hoeings (table 2). Corn height 
was only significantly less than the check in treatments one and two which both 
received an early hoeing. Corn height and corn population are similarly negatively 
affected by rotary hoeing as can be seen in the correlation of the graph bars in figure 
1. As in other rotary hoe research, the treatment with the best weed control has the 
highest corn plant damage and the treatment with the least weed control has the 
least corn plant damage. 

Table 2. Corn Plant Populations and Heights Following a Variety of Rotary Hoeing 
Strategies in a Field of Corn 

1995 1996 

Corn Population Corn Height 

Treatment Rotary Hoeings plants/acre inches 

1 1X 1X 26,440 12.83 

2 2X 2X 23,900 12.78 

3 - 1X 27,780 14.10 

4 - 2X 27,060 13.34 

5 - - 27,670 14.56 

LSD (0.05) 1,490 1.35 

Conclusions 
Weed control was as effective with a double late rotary hoeing as with two separate 
rotary hoeings with the first hoeing before weed seedling emergence. Corn seedling 
damage was similar with these two strategies. The later double rotary hoeing is a 
weed control method that can be used when wet soil prevents the early hoeing. 
This should not be a recommended practice since weeds would soon be too large to 
control with this tool if wet soils delayed this late hoeing by more than a couple 
days. 

Some corn plants are injured and others are killed by rotary hoeing. Rotary hoe 
strategies that increase effectiveness of weed control also tend to increase damage 
to corn seedlings. Corn population reduction by two rotary hoeings is less than five 
percent for this trial but population counts from the WICST trial show population 
reduction to be near ten percent (see appendix IX ) 
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Figure 1. Similarities of Corn Plant Populations and Heights Following a Variety of 
Rotary Hoeing Strategies in a Field of Corn 
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WICST SOIL BIODIVERSITY STUDY - 1996 

13. Preliminary Report on Developing Sampling Procedures and Biodiversity Indices 

Jon Baldock 1 and Josh Posner2 

INTRODUCTION: 

53 

Do cropping systems that vary in complexity have different degrees of biodiversity? Our 
multidisciplinary team has been working to address this question as it applies to cropping 
systems common in Wisconsin. Previous studies addressing this issue are of limited value 
because they focused on a single taxon, had inadequate sampling procedures (i.e., a single 
date, no repetition, few cropping systems), and failed to collect information on soil/plant 
health needed for interpreting biodiversity data in terms of agricultural sustainability. In this 
study we are attempting to remedy these shortcomings by 1.) analyzing biodiversity in 
multiple trophic groups; 2) developing sampling procedures appropriate for each organism 
class while recognizing the spatial heterogeneity inherent to agricultural soils; and, 3.) 
moving beyond taxonomic classifications to functional or successional levels of analysis. 

Our three phase work plan is to: 1) develop statistically sound sampling methods for the 
organisms of interest; 2) use ecological theory and statistical probing techniques to develop 
biodiversity indices or identify keystone species or species clusters that characterize 
cropping systems; and 3) use this information to test hypotheses on the relationships 
between soil biodiversity and cropping system sustainability. Our hypotheses are: 1) 
functional definitions of biodiversity will result in better interpretations of the impact of the 
disturbance caused by agricultural practices than purely taxonomic definitions; 2) 
agricultural practices do not equally affect biodiversity at all levels, both in a taxonomic and 
functional sense; and, 3) biodiversity indices that include a broad range of organismal 
groups and are based on ecological function will reveal more differences among cropping 
system treatments than those based on traditional taxonomic groupings. What follows are 
the preliminary results of the analysis of the Arlington 1995 data on sampling methodology 
(Phase I) and the development of biodiversity indices (Phase II). 

Sampling Methodology: 
The Soil Biodiversity Team has been sampling selected plots at the Wisconsin Integrated 
Cropping Systems Trial (WICST) in Columbia and Walworth County since 1995 to meet the 
first goal of the project. Broadly stated this goal was to determine the best sampling 
methods to characterize the biodiversity of cropping systems. More specifically, this meant 
addressing three primary questions: 1) where to sample in the field; 2) when during the 
year, and in which phase of the rotation to sample; and, 3) how many samples of what size 
to be taken to be valid for a range of organisms. 

1 Project Statistician e-mail agstat@aol.com 
2 Project Coordinator and Agronomist, jlposner@facstaff.wisc.edu 



In order to address these issues, the team developed the following sampling plan: 1) 16 
quadrats (0. 78 m wide by 3.13 m long) were randomly selected from over 50 possible 
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quad rats in each of the plots to be monitored (see Figure 1); 2) eight times a summer two 
quadrats in each plot were sampled (Table 1 ); and 3) quadrat sampling consisted of a cluster 
of soil cores (three macrocores 6.25 cm diam., and four microcores 1.87 cm diam.) taken to 
10 cm depth (see Figure 2). The macrocores were used for soil insect and nematode 
analysis. The microcores were used for extraction of microbial nucleic acids and soil health 
analysis. Soil cores were taken both in-row and between-row in the corn plots, 
decomposition bags, buried after planting were harvested on the same bi-weekly schedule, 
and on a subset of dates, five corn plants and their roots were harvested from the sampling 
quadrats. Two insect pitfall traps were installed in· each treatment after weed control 
practices were completed. 

Primarily, sampling was conducted on the corn phase of three rotations: 1) High input, 
conservation tillage continuous corn (System 1 ); 2) An organic soybean-wheat/red clover
corn rotation with conventional tillage and mechanical weed control (System 3); and 3) An 
organic dairy rotation of oats/alfalfa-alfalfa hay-corn, with conventional tillage, mechanical 
weed control and dairy manure (System 5). In addition, sampling took place on the 
rotationally grazed (timothy, bromegrass, orchardgrass, red clover) paddocks (System 6). In 
order to expand our range of crops, the team also sampled in the organic alfalfa (System 5) 
and the soybean (System 3) phases in 1995. In 1996, sampling of additional crops was 
focussed on System 3 (soybean and wheat/red clover phases). Also in 1996 the team 
initiated sampling in relatively undisturbed grassland fragments that were located near 
(within 10 kms) the trial sites. 

Sampling Results: 
Many of the biological analyses have been completed for the 1995. The initial statistical 
analyses have concentrated on total number of organisms in major groups. Table 2a and 2b 
only report the results from the 1995 Arlington sampling. The effect of date of sampling 
was significant for earthworm activity, total nematodes and microbial biomass, but not for 
total arthropods in soil cores. The peak activity for earthworms and microbial biomass was 
in the fall and one of the peaks for total nematodes was in the spring (Figures 3, 4). The 
fall and spring peaks were consistent with Edwards ( 1991) statement that the minimum 
sampling plan should include spring and fall. However, the total nematode counts also 
showed a midsummer peak (Figure 4), which may necessitate a sampling at that time as 
well. 

There was also a signficant difference among the cropping systems in earthworm activity 
and microbial biomass; but not total nematodes (Tables 2a and 2b). Total arthropods would 
have been significant if there were more OF for that test. Earthworm activity was greater in 
System 5 than in any of the other systems (Table 3a). But there were more arthropods in 
System 3 than in any of the other systems (Table 3a). Microbial biomass tended to be 
lower in the cash grain systems than the forage based systems (Table 3b). Trends in the 
amounts of DNA extracted from the soil paralleled those of the biomass measurements, and 
were significantly greater in the pasture (35.4 ± 1.2 µg g·1

) than continuous corn (23.2 ± 
1.7 µg g·1

) (data not shown). Thus, the low input cropping systems supported larger 
populations of earthworms, arthropods and microorganisms than did the conventional high 
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input systems. 
It is clear the sampling plan used in this analysis was sufficient to identify some of the soil 
biodiversity differences among the cropping systems. However, one of the goals of the 
project was to improve on that sampling plan. One of the key questions in that aspect of 
the project is how many samples to take per plot. To answer that question it is necessary 
to estimate the variance components for experimental error and sampling error (Snedecor 
and Cochran, 1967). Table 4 shows those estimates, which were derived from Tables 2a 
and 2b. Table 4 also shows the ratio of the variance component for sampling to that for 
experimental. The variance component ratio is important because it, along with the sample 
size, n, determines the standard error of the mean. The ratio and n combine into a factor, 
which is shown in Figure 5 as a function of n for several variance component ratios. The 
best sampling plan is that compromise between minimizing the factor (and hence the 
standard error) and minimizing the effort by keeping n small (note that as n increases each 
additional sample reduces the factor by a smaller amount.) The variance component ratios 
of the observations examined to date are remarkable similar (Table 4). Only the total 
nematode count over the· full season has a variance component ratio that is different from 
the rest, so a different number of samples may be needed for nematodes. For the other 
groups, the variance component ratio has a maximum of 7. Inspecting Figure 5 with that 
range in mind reveals that a sample size of 3 to 6 samples per plot would give the lowest 
standard error for the effort expended. 

Developing system biodiversity indices: 
We have begun to examine biodiversity indices and identify keystone species or suites of 
species that characterize each of the cropping systems. The biodiversity indices are derived 
from two statistical properties inherent to any mixture of objects; namely, the number of 
different types of objects and the relative amount of each object. We will initially work 
with, for example, Shannon's Diversity _Index, and Evenness Index (Shannon and Weaver, 
1949), the Berger-Parker Diversity Index, as well as build species abundance curves. The 
data presented on system differences discussed above support one of our major theses; that 
is, a multidisplinary approach will provide a clearer picture of soil biodiversity than a 
unidisplinary approach. Each of the measures described is characteristic of a single 
discipline and each provided a distinctively different picture of the biodiversity in the four 
systems. For example the pasture had the lowest earthworm activity, total arthropods, and 
total nematodes, but it had the highest microbial biomass. The organic csw(rc) system had 
the highest number of total arthropods, but had the second lowest microbial biomass. 
Thus, it is impossible to characterize the biodiversity of cropping system with the single 
displinary approach and it will be important to examine what is the best way to combine 
data from different disciplines. This is further substantiated by the analysis presented in 
Table 5. The single disciplinary models in discriminant analysis are never as efficient (% 
correct classificiations) as the multidisciplinary models. 

Another approach for assessing ecosystem biodiversity uses indicator species. Such 
species usually occupy a particularly important role in the function of an ecosystem, so they 
are indicative of the overall condition of the ecosystem. Stork and Eggleton ( 1992) referred 
to such species as "keystone" species and noted the problem with this technique is in 
identifying such species. However, Kremen (1992) was able to use the canonical 
correspondence analysis to confirm that were indicator species in the environments that he 



studied. In most cases researchers have been looking for one indicator species, but 
extending that idea to a suite of indicator species or functional groups (e.g., one for each 
trophic level and/or body size), may be an even more accurate, yet economical way to 
characterize the biodiversity of an ecosystem. 
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While disciplinary knowledge and ecological principles may be sufficient to develop the 
biodiversity indices or identify the keystone species we seek, the search can be assisted by 
statistical techniques. Macgurran (1988) describes. many diversity indices based on taxa, 
others have developed diversity parameters based on function (Yeates et al., 1994; 
Bongers, 1990). These indices effectively transform the multivariate problem into a 
univariate case, although indices for several groups could be calculated. Then linear 
combinations of indices across the body size groups could be used as a way to obtain a 
weighted, univariate descriptor. When the weighting factors are not clear, then multivariate 
statistical techniques may be beneficial. Principle component analyses has proven effective 
in showing the combined response of different species to crops and farming systems (Booij 
and Noorlander, 1992 and Freckman and Ettema, 1993). However, another multivariate 
technique, canonical correspondence analysis is more appropriate in most cases (Ter Braak, 
1986) and it has been used to characterize the microbial communities of a conventional and 
a reduced-input system (Hassink et al., 1991 ). Stepwise discriminant analysis as 
implemented in Systat 6.0 (SPSS, 1996) has proven useful in our early analyses and we 
expect to continue to use this tool to assist our search. 

Figure 6 shows the results of a preliminary stepwise discriminant analysis, in which the 
statistical program selected the four variables (Diptera, Carabidaie, other arthropods, and 
microbial biomass) that best characterized the four cropping systems from a set of 23 
variables taken in the fall of 1995 at Arlington. The analysis produces canonical scores, 
which are linear combinations of the selected variables, such that the differences among 
cropping systems are maximized and the scores are orthogonal. Note that the canonical 
scores in this analysis separate the data into four clusters that correspond to the four 
cropping systems. All the data for System 1 (continuous corn) form a cluster of points at 
the left of the graph. The data for System3 (CSWrc) form a cluster in the center of the 
graph. The data for System 5 (CO/aA) and System 6 (rotationally grazed pasture) form two 
clusters at the right of the graph. Thus, the first canonical score forms a biodiversity index 
based on four groups of organisms that separate the cropping systems into a gradient that 
has the high input, continuous corn on one extreme and the low input forage systems at the 
other with the organic cash crop system in between. Similarly, the second canonical score 
(the vertical axis) separates System 5 from System 6. It remains to be seen if such an index 
is consistently effective over sites and years. It is also important to note that this index is a 
combination of multidisciplinary data (arthropod data and microbial data). We believe that 
as more of the data is available at lower taxonomic levels and especially at the trophic 
levels, consistently effective indices can be constructed with this discriminant analysis 
procedure or similar tools. 



57 

LITERATURE CITED 

Bongers, T. 1990. The maturity index: An ecological measure of environmental disturbance 
based on nematode species composition. Oecologia 83: 14-19. 

Booij, C. J. H. and J. Noorlander. 1992. Farming systems and insect predators. Agric. 
Ecosystems Environ. 40: 125-135. · 

Edwards, C. A. 1991. Methods for assessing populations of soil-inhabiting invertebrates. 
The assessment of populations of soil-inhabiting invertebrates. Agriculture, Ecosystems and 
Environment. 34: 145-176. 

Freckman, D. W. and C. H. Ettema. 1993. Assessing nematode communities in 
agroecosystems of varying human intervention. Agric. Ecosystems and Environ. 45:239-
261. 

Hassink, J., J. H. Oude Voshaar, E. H. Nijhuis, and J. A. van Veen. 1991. Soil Biol. 
Biochem. Vol. 23, No. 6, pp 515-524. 

Kremen, C. 1992. Assessing the indicator properties of species assemblages for natural 
areas monitoring. Ecological Applications 2 v2: 203-217. 

Magurran, A. E. 1988. Ecolgical diversity and its measurement. Princeton University Press, 
Princeton, NJ. 

Shannon, C. E., and W. Weaver. 1949. The mathematical theory of communication. 
University of Illinois Press, Urbana, IL 

Snedcor, G.W. and W.G. Cochran. 1967. Statistical Methods. 6th ed. Iowa 
State Univ. Press. Ames. IA. 593p. 

Stork, N. E. and P. Eggleton. 1992. Invertebrates as determinants and indicators of soil 
quality. Amer. J. Alternative Agric. 7:38-47. 

Ter Braak, C. J. F. 1986. Canonical Correspondence analysis: A new eigenvector 
technique for multivariate direct gradient analysis. Ecology, 67 v5 pp 1167-1179. 

Yeates, G. W., 1994. Modification and qualification of the nematode maturity index. Pedobiologia. 
38:97-101 



Table 1. Julian Dates fort Sampling Dates 

Year Sampling 

1995 1 
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Table 2a. Analysis of variance of 1995 soil biodiversity data from WICST trial 
at Arlington. 

Source Earthworm Activity@ Total Number of Arthropods(I250 cc of Soil) 

DF MS DF MS 

Block, B I 2.3 I 26.0 

System, S 3 442.6 * 3 405.9 ns 

Error A 3 22.3 3 149.9 

Date, D 6 531.6 ** 6 109.6 ns 

DxS 18 107.5 * 18 55.8 ns 

Exp. Error 24 43.6 21 56.10 

Sampling 54 33.9 56 33.8 
Error 

@ Grams of apparent castings per litterbag. 

'l 

Table 2b. Analysis of variance of 1995 soil biodiversity data from 
WICST trial at Ari' -
Source Total Nematode Microbial Biomass 

(1000s) mg/kg 
I 00 cc of Soil 

e DF MS DF MS 

Block, B I 0.36 I 107286 

System, S 3 0.39 ns 3 32918 * 
Error A 3 8.18 3 2238 

Date, D 7 9.16 ** 6 11327 5 ** 
DX s 21 2.12 ns 18 15007 ns 

Exp. Error 21 2.19 21 11840 

Sampling Error 64 2.10 56 2187 
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Table 3a. Cropping System means for 1995 soil biodiversity data from 
.. ~ - - - -- .... -- - - --· - - -

Cropping Earthworm 
System Activity@ 

1 CCCCC .. 5.32 a 

3 csw 5.91 a 

5 COA 13 .19 b 
6 Pasture 4.67 a 

Mean 7.27 

LSD(10%) 2.97 

@ Grams of apparent castings per Jitterbag 
__ Phase sampled 
*Duncan multiple range at 5% probability 

Total 
Arthropods 

1250 cc of Soil 

3.61 ab 

11.07 a 
5.89 ab 
2.50 b 

5.77 

7.70 

Table 3b. Cropping System m~_ans for 1995 soil biodiversity data from 
WICST trial at A '. - - - -- -

Cropping Total Nematodes Microbial Biomass 
System (1000s) mg/kg of Soil 

I 00 cc of Soil 
1 CCCCC .. 4.17 a 219 C 

3 csw 3.87 a 286 b 
5 COA 6.17 a 300 ab 
6 Pasture 2.57 a 345 a 
Mean 4.20 288 
LSD(10%) 1.68 45.5 

Phase sampled 
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Table 4. Variance components and their ratios for 1995 soil biodiversity 
data from WICST trial at Arlington. 

Observation s.2# s. 2## 
Earthworm Activity-season 33.85 4.89 

Earthworm Activity-fall 67.30 20.69 

Total Arthropods 33.75 11.17 

Total Nematodes 2.10 0.04 

Microbial Biomass 2186.79 4829.5 
# Estimated variance component for sampling. 
## Estimated variance component for experimental error. 
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Table 5. 

Soil biodiversity data -ARS 1995. 
Summary of discriminant analyses as of 14 Nov. 1996. 
Model Prob.>F,~% Correct classifications,% (n=20)"' 

Sim.e.le Jackknife 

Single Disciplinary Models 
Arthropods- single variables@ 

Annelidae 0.2 35 10 
Diptera 40.7 40 35 
Other 35.6 35 30 
(Diptera+other)# 49.8 40 35 

Arthropods- paired variables@ 
Diptera + other 0.6 60 55 
Annefidae + other 1.0 55 40 
Annelidae + diptera 1.2 60 30 
Annelidae + ( diptera+other)# 1.5 45 20 

Arthropods- three variables@ 
Annelidae + diptera + other 0.0 80 65 

Microbial biomass 0.0 60 60 
Apparent castings 0.7 40 30 
Total nematodes 91.0 30 10 
Best - single disciplinary models 0.0 80 65 

Multidisciplinary models 
Microbial biomass+diptera 0.0 60 70 
Microbial biomass+castings 0.0 70 60 
Microbial biomass+(diptera+other)# 0.0 55 45 
Microbial biomass+diptera+ 

carabidae+other 0.0 85 70 
Best - multidisciplinary models 0.0 85 70 
* Data and derived classification functions used to compare predicted system and 

phase to actual for each of the twenty cases; simple=prediction based on all data; 
jackknife=prediction based on recompution of the classification functions omitting 
the current case before predicting its class. 

@ Data taken on Julian date 5234 for arthropods, nematodes, and castings; 
micobial biomass data from samples taken on 5290. 

# Parentheses indicate that diptera and other arthropods were added together to 
make a single variable. 
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14. Soil Invertebrates Associated with 1996 Soil Core Sampling and Residue Decomposition 
E.J. Rebek, D.B. Hogg and D.K. Young 1 

Background 

66 

Soil core sampling began in 1995 as a complementary measure of soil arthropod 
abundance and biological diversity. The objectives of the soil core study are ( 1) to determine the 
influence of crop rotation, fertilizer and pesticide/herbicide inputs on soil arthropod populations, 
and (2) to have a sampling plan which is directly comparable to the sampling techniques used by 
other investigators in the NRI Soil Biodiversity project. In contrast to pitfall trap and litter bag 
analysis, soil core sampling is an absolute measure of the soil mesa- and macroarthropods 
inhabiting the WICST cropping systems. 

Litter bag sampling was implemented in 1993 to determine the influence of crop rotation 
on residue decomposition and to document the role of soil arthropods in the decomposition 
process. This sampling method relies on the trophic (feeding) structure of soil fauna affiliated 
with the decomposition of corn stubble. 

Methods 

These methods reflect those performed during the 1995 soil core and litter bag studies 
with the exception of the treatments sampled (see Rebek et al. 1995 for comparison). The 
Arlington Agricultural Research Station (ARS) located in Columbia County and the Lakeland 
Agricultural Complex (LAC) in Walworth County served as our study sites. Sampling was 
conducted in mid-May through early September at Arlington; Lakeland experienced heavy rains 
early in the summer, .thereby delaying sampling until early July through early September. 

Soil Cores 

Soil core samples were taken using a 2.5-inch diameter soil probe. Each sample consisted 
of three 6-inch cores, corresponding to 1104. 5 cubic centimeters of soil. Each sample was taken 
at two randomly chosen areas in each plot (within two pre-determined rows). The 1995 
sampling regime included between-row and in-row sampling for every sample date. However, in 
1996 we felt the small differences between these two areas of the corn rows were not worthy 
of such excessive sampling. Thus, we reduced our effort by taking between-row samples only 
four times, twice at each site. The cropping systems and corresponding phases we sampled in 
1996 follow: Cropping System 1 continuous corn (treatment 1 ); CS3 wheat/red clover (treatment 
4); CS3 corn (treatment 6); CS3 wide row soybeans (treatment 5); CS5 corn (treatment 12); and 
CS6 pasture (treatment 14). The soybean and wheat/red clover treatments were sampled 
roughly once per month while the other treatments were sampled every collection date. 
Sampling was performed May 14, May 28, June 11, June 25, July 9, July 23, August 20, and 
September 3 at ARS; we sampled on July 2, July 16, July 30, August 13, August 27, and 
September 9 at LAC. 

1 Graduate Research Assistant, Professors, Dept. Of Entomology, Univ. Of Wisconsin, Madison. E-mail for 
EJR: rebek@plantpath.wisc.edu 
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Extraction of soil arthropods from soil core samples was accomplished by using two methods in 
conjunction. Larger invertebrates (e.g. earthworms and ants) were separated from the original 
volume of soil (minus 100 cc of soil used for the nematology study) by hand sorting. Smaller 
arthropods were extracted by placing 200 cc of the soil sample in a 1000 ml graduated cylinder 
containing a 30% sodium chloride solution. This process is referred to as "flotation" because the 
organic matter incorporated into the soil sample (including plant and animal matter) floats to the 
top due to its lower specific gravity in the salt water solution. The soil placed into the cylinder 
sinks to the bottom and is later disposed. Since large amounts of plant material was recovered in 
addition to soil arthropods, the smaller invertebrates were later hand- separated from the plant 
matter, counted and identified in the lab using a microscope. 

Decomposition Bags 

A third sampling method, litter or decomposition bag analysis, was used in conjunction 
with pitfall traps and soil cores in 1996. We used relatively coarse mesh (pore size = 4 mm) 
litter bags filled with corn stover (see Hogg et al. 1994) which allowed soil invertebrates to enter. 
Small pore bags were eliminated in the 1996 decomposition study (see Rebek et al. 1995 for a 
description). 

Soil invertebrates were extracted from the litter bags using Berlese funnels. This 
apparatus consists of a light source mounted over a funnel containing a wire mesh that fits the 
circumference of the funnel. Litter bags were placed in all treatments mentioned above on May 
14, 1996 at ARS and July 2, 1996 at LAC. Each bag was buried 6 inches below the soil surface 
in the same rows and distances randomly chosen for the soil core samples. Litter bags were 
recovered from the cropping systems at various times throughout the sampling season: May 28, 
June 11, June 25, July 9, July 23, August 20 and September 3 at ARS and July 16, July 30, 
August 13, August 27 and September 9 at LAC. As in the soil core study, wheat/red clover and 
wide row soybean plots were sampled roughly once per month. 

Results 

We have decided not to present the data for 1996 soil core samples because the numbers 
of arthropods extracted using the flotation technique are not large enough to form any 
substantial conclusions. The extractions apparently are not efficient enough to recover very 
small arthropods such as Collembola and mites. Thus, 1997 soil samples are currently being 
placed on Berlese funnels with the intent of finding a greater abundance of these smaller 
invertebrates. 

Data for the 1996 litter bag study are presented in Figure 1. We focused on the mean 
number of Collembola (springtails) collected from each treatment because of their ubiquity, but 
we will refer to the beetles associated with the decomposition process in later papers. A log 
transformation was performed on the data due to the high variability inherent to this data set. 
The positive standard errors based on the transformed data are also presented in the figures. 

A similar pattern of abundance was observed for springtails in both 1995 and 1996 litter 
bags. Both years are marked by a "significant" increase from 1993-94 in population size for 
collembolan groups (see Rebek et al. 1995). This increase may represent a natural ebb in the 
population dynamics of springtails, but we have no means to test this hypothesis except through 
continuous sampling. 

All treatments contain a higher number of springtails early in the 1996 season with a 
noticeable decrease later at both sites. This result has been observed in both the 1994 and 1995 
litter bag data (Rebek et al. 1995). However, no consistent patterns for springtail numbers have 
been determined in relation to treatment effects. Clear, definitive trends for each treatment seem 
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to be lacking at the current level of taxonomic classification. Perhaps further statistical measures 
and higher-level identifications will delineate these differences. 

There seem to be some differences in springtail numbers between sites. Specifically, 
higher numbers were sampled at LAC than ARS toward the end of the season for most 
treatments. However, we must be careful not to prematurely label this as a site effect. Since 
the bags were buried much later at LAC than ARS, decomposition of the corn stover was not as 
advanced at LAC. Thus, more subterranean corn material was available at LAC than ARS late in 
the season, thereby attracting more detritivorous (feeding on decaying organic matter) 
invertebrates and their associated predators. 

Discussion 

There are several differences between soil core and litter bag sampling methods. The 
most obvious is the large difference in number and diversity of arthropods generated-- soil cores 
produced far fewer and a smaller variety of individuals than decomposition bags in 1996. This 
result corroborates our bbservations in 1995. Another difference between sampling regimes lies 
in the utility of each method. Soil core sampling offers a direct measure of the number of 
animals present in the soil at a particular point in time, and thus may have some bearing on the 
paucity of arthropods obtained. Litter bag analysis relies on the underground food web involved 
in the process of decomposition. This incl'udes the decaying plant matter, decomposers 
(detritivores) themselves and any primary or secondary predators in the system. Thus, litter bags 
are not a direct measure of local abundance or diversity because the arthropods recovered are 
present as a result of their feeding habits. However, the compilation of soil core, litter bag and 
pitfall trap data can provide a useful tool for tracking soil arthropod abundance and diversity 
through time in relation to cropping system effects. Current efforts are being made to identify all 
recently collected springtails and beetles to a more detailed level of classification. This will 
further enable us to recognize consistent patterns which may be prevalent in the various 
treatments. 
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Sample Dates: 

May28 (ARS) 
June 11 (ARS) 
June 25 (ARS) 
July9 (ARS) 
July 16 (LAC) 
July 23 (ARS) 
July 30 (LAC) 
August 13 (LAC) 
August 20 (ARS) 
August 27 (LAC) 
September 3 (ARS) 
September 9 (LAC) 

Notes: 

S3 Wheat/Red 
Clover not sampled 
every collection 
date. 

LAC not sampled 
until early July due 
to excessive rain. 

Figure 1. Mean Collembola transformed to log (n+ 1) plus 
standard error for 1996 decomposition bags. 
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Sample Dates: 

May28 (ARS) 
June 11 (ARS) 
June25 (ARS) 
July9 (ARS) 
July 16 (LAC) 
July 23 (ARS) 
July 30 (LAC) 
August13 (LAC) 
August20 (ARS) 
August27 (LAC) 
September 3 (ARS) 
September 9 (LAC) 

Notes: 

S3 Wide Row 
Soybean not 
sampled every 
collection date . 

LAC not sampled 
until early July due 
to excessive rain. 

Figure 1 (cont). Mean Collembola transformed to log (n+l) 
plus standard error for 1996 decomposition bags. 



15. Analysis of Soil Macroarthropods Associated with Pitfall Traps in the 
Wisconsin Integrated Cropping Systems Trial, 1995 

E.J. Rebek, D.B. Hogg and D.K. Young 1 

Background 

71 

The health of soil ecosystems is often quantified using biological diversity indices to 
gain insight into the "stability" of these systems. In general, a greater diversity of soil fauna 
inhabiting a system help establish healthy soils because the interactions of a richer complex 
of taxa (e.g. species) contributes to a more stable food web. Macroarthropods associated 
with agricultural soils are important members of this dynamic food web taking roles as 
predators, parasites, detritivores (feeding on decaying organic matter) and herbivores. 
Sustainable agricultural practices augment soil health by minimizing the disruption of soil 
food webs through reduced physical and chemical inputs. The short and long term 
ecological ramifications of various cropping practices can be examined by measuring the 
biological diversity of soil arthropods. 

Our operational hypothesis in the study of arthropod diversity is that the level and 
frequency of soil disturbance (both chemical and physical) in the various cropping systems 
influence the numbers and kinds of arthropods inhabiting the plots. Differences in arthropod 
populations could contribute to, as well as result from, changes in soil characteristics. 

Our 1995 sampling effort continued to compare different crops within a cropping 
system with regards to changes in soil arthropod abundance and diversity. This "phase 
effect" became the focus of our research in 1994 and differed from past seasons where we 
examined the "cropping systems effect"in the "target" crop of corn (see Rebek et al. 1995). 
In 1995, we chose to examine the corn and wheat/red clover phases of the low input grain 
system (wheat/red clover- corn- wide row soybeans or Cropping System 3), the high input 
continuous corn system (CS 1), the corn phase of the low input forage system (oats/alfalfa
alfalfa- corn or CS5), and the relatively undisturbed pasture system (CS6). 

Methods 

The Arlington Agricultural Research Station (ARS) located in Columbia County and 
the Lakeland Agricultural Complex (LAC) in Walworth County served as the research sites 
for our study in 1995. Pitfall traps were used to capture surface-dwelling soil 
macroarthropods between mid-July and early September. This technique passively traps soil 
fauna as they move across the soil substrate. Although pitfall traps do not collect every 
arthropod species present in the environment, they serve as one standardized method for 
both and site comparisons. 

We sampled two phases of Cropping System 3, wheat/red clover and corn following 
wheat/red clover. We also sampled corn following alfalfa in rotation from CS5, continuous 
corn from CS 1, and pasture from CS6. Cropping System 6 pastures were rotationally 
grazed by dairy cattle. 

1 Graduate Research Assistant, Professors, Dept. of Entomology, Univ. of Wisconsin, Madison. E-mail 
for EJR: rebek@plantpath.wisc.edu 
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Two pitfall traps were placed in each plot for 2 replications at each site. Traps 
were placed in 2 selected rows for each plot, one near each side of the plot, and about 120 
feet in from the front edge. Samples were collected every two weeks from each site, but 
each trap was "charged" for only one week. Hence, each sample constitutes specimens 
captured within one week. We sampled with pitfall traps for a total of 6 weeks; week 1 = 
July 19-26 at ARS, week 2 = July 26- Aug. 2 at LAC, week 3 = Aug.18,-25 at ARS; week 
4 = Aug.25- Sept.1 at LAC, week 5 and 6 = Sept. 1-8 at both ARS and LAC, respectively. 
Two weeks in early to mid- August were discarded because most traps were buried when 
tillage ensued at both sites. Also, both sites were sampled during the same week in early 
September because arthropod activity was beginning to decline. We feared that extended 
sampling would produce fewer specimens so we sampled both sites in the same week. 

Samples were separated, cleaned and sorted to the first level of taxonomic 
comparison. Specimens went through an alcohol wash to remove organic debris and were 
separated into major taxonomic groups. Groups of particular interest and high species 
diversity, such as beetles (Coleoptera), are currently being processed further taxonomically. 
This will enable us to make more specific taxonomic comparisons and to better identify 
"functional groups" from an ecological point of view. 

Results 

Preliminary sorting has been completed for the 1995 samples. This analysis will be 
used for comparison with pitfall trap results in past seasons, most importantly those of 
1994. The eight groups under investigation in 1994 were again used in 1995: millipedes 
(class: Diplopoda), centipedes (class: Chilopoda), true spiders (order: Araneae), harvestmen 
(order: Opiliones), beetles (order: Coleoptera), crickets and grasshoppers (order: Orthoptera), 
springtails (order: Collembola) and bees, wasps and ants (order: Hymenoptera). The mean 
numbers of each group and their positive standard errors are plotted in Figures 1-8 for each 
sample week. 

Millipedes (Diplopoda), important scavengers in the soil, were again essentially 
absent from the plots at LAC in 1995 (Fig.1 ). This result is consistent with what has been 
observed in 1993-94 (see Young et al. 1994, Rebek et al. 1995 for all yearly comparisons). 
We haven't experimentally analyzed the reasons behind the virtual absence of millipedes at 
Lakeland, but we speculate that the higher water table at LAC compared to ARS. could be at 
least partly responsible. There was a general increase in millipede numbers at Arlington over 
the course of the sampling season for all treatments. However, the effect was most 
profound for wheat/red clover and CS5 corn. In 1994, millipede numbers increased 
dramatically in wide row soybean plots (not studied in 1995) and CS3 corn, especially late 
in the season. Interestingly, treatment 4 plots showed little change in millipede abundance 
in 1994, much different than 1995 plots for that treatment. 

Centipedes (Chilopoda) were generally more prevalent at ARS than LAC in 1995 
(Fig. 2). This result differs substantially from 1994 where LAC had more centipedes than 
ARS. The 1993 data show higher numbers of centipedes for LAC in all treatments for week 
6, but abundance was even at both sites during the rest of that season. Like centipede 
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population dynamics in 1994, the 1995 centipedes showed higher numbers early in the 
season followed by a late decline, especially evident for pasture, continuous corn, and CS5 
corn phases. Surprisingly, the pasture system contained higher numbers of centipedes in 
1995 than 1993-94 and was more comparable to the other four phases in 1995. 

Harvestmen (Opiliones) numbers were not very different for any of the treatments 
except pasture (Fig. 3). Pasture plots, showing very little disturbance, had a greater 
abundance of Opiliones. This result was expected because of the low disturbance, but the 
trend has not been recorded in previous years (Young et al. 1994, Rebek et al. 1995). 
Pastures have historically supported the fewest numbers of any soil arthropod group in our 
study. Perhaps the full effects of recolonization are occurring in this system since the 
original parcels of land used in the WICST study were "disrupted". It is also interesting to 
note that the harvestmen collected from both sites seem to be comprised of mostly one 
species, Phalangium opilio Linnaeus. The dominance of this species lends credence to a 
lack of Opiliones diversity in all plots studied. This result may reflect a natural ecological 
trend in this species' distribution, but it could also be a consequence of an historical change 
in land use in these regions (i.e. agriculture). 

The occurrence of spiders (Araneae), usually generalist predators in the soil 
ecosystem, was low throughout treatments except the pasture (Fig. 4). Again, this trend of 
high abundance in pasture plots has not been recorded prior to 1995. The number of 
spiders in the other four treatments was much lower compared to 1993-94 samples. 

Springtail (Collembola) abundance was greatest for the pasture system in 1995, but 
high numbers were recorded for CS3 corn and wheat/red clover plots as well (Fig. 5). Low 
numbers were observed in both continuous corn and CS5 corn. There was an obvious 
difference between the pasture system in 1994 and 1995. The latter pasture samples 
outnumbered the former by three- or four-fold in weeks 2 and 3. This disparity between 
consecutive sampling seasons most likely reflects either recolonization events or natural 
shifts in annual springtail population size. 

The herbivorous crickets and grasshoppers (Orthoptera) were generally low in 
number in all five treatments, except for week 1 in both CS3 and CS5 corn (Fig. 6). There 
were slightly greater numbers of these insects in pasture plots for 1995 versus 1994. 
However, a notable opposite trend exists for the wheat/red clover treatment. Treatment 4 
plots in 1995 had much fewer orthopterans than 1994. The 1993 CS3 corn phase at ARS 
had greater numbers captured throughout the entire season than 1994-95 plots of the same 
treatment. 

Beetle (Coleoptera) abundance was highest early in the season for all treatments (Fig. 
7). This trend was also observed for all treatments in 1994 (except wheat/red clover plots), 
but not in 1993. These insects are important predators in agricultural systems, especially 
the dominant families found in our traps, Carabidae (ground beetles) and Staphylinidae (rove 
beetles). There were not any clear differences in numbers from 1994 and 1995, except for 
the very large spike in the LAC pasture system during week 2 of 1995. Also, no discernible 
differences were present among crop phases in 1995. 

The ants, bees and wasps (Hymenoptera) captured in 1995 pitfall traps (Fig. 8) were 
less numerous than those in 1994 samples, except for the pasture system. These insects 
are important predators and scavengers (e.g. ants), and are beneficial to crops for their 
pollination potential (e.g. bees). There weren't any clear differences between sites, 
treatments or time of sampling in 1995. This trend was consistent with 1994 data for this 
group, except treatment 14 which had much fewer numbers than the other treatments. 
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Discussion 

Based on preliminary analysis of the 1995 pitfall trap data, we conclude that 
different crop types within a cropping system do have important effects on arthropod 
diversity and seasonal patterns of abundance. These effects result from changes in the soil 
ecosystem due to various levels of physical and chemical inputs. Unlike past years, the 
1995 pasture plots (treatment 14) contained the most abundant soil arthropods (except 
Diplopoda, Orthoptera, Hymenoptera). Even for arthropod groups where pasture had equal 
or fewer individuals, these numbers are a substantial increase within pasture compared to 
1993 and 1994 data. This dramatic shift in population size either traces a natural increase 
in the dynamics of the affected groups or recolonization is taking place after years of 
displacement due to anthropogenic inputs. If the latter is true, there is a definite cropping 
system effect taking place for pasture plots. 

Current efforts are being made to identify the springtails and beetles to a more 
detailed level of taxonomic classification. This should elucidate any hidden trends that are 
undetectable at the order and family level of identification. We chose to focus on these two 
groups because of their ubiquity in all treatments. 
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Fig. 1. Mean number of Diplopoda per pitfall trap per week plus standard error 
for each treatment in 1995. 
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Notes: 
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Week 6 - Sep. 1-8 (LAC) 

Fig. 2. Mean number of Chilopoda per pitfall trap per week plus standard error 
for each treatment in 1995. 
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Notes: 

Week 1 - July 19-26 (ARS) 
Week 2 - July 26-Aug. 2 (LAC) 
Week 3 - Aug. 18-25 (ARS) 
Week 4 - Aug. 25-Sep. 1 (LAC) 
Week 5 - Sep. 1-8 (ARS) 
Week 6 - Sep. 1-8 (LAC) 

Fig. 3. Mean number of Opiliones per pitfall trap per week plus standard error 
for each treatment in 1995. 
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Notes: 

Week 1 - July 19-26 (ARS) 
Week 2 - July 26-Aug. 2 (LAC) 
Week 3 - Aug. 18-25 (ARS) 
Week 4 - Aug. 25-Sep. 1 (LAC) 
Week 5 - Sep. 1-8 (ARS) 
Week 6 - Sep. 1-8 (LAC) 

Fig. 4. Mean number of Araneae per pitfall trap per·week plus standard error 
for each treatment in 1995. 
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Notes: 

Week 1 - July 19-26 (ARS) 
Week 2 - July 26-Aug. 2 (LAC) 
Week 3 - Aug. 18-25 (ARS) 
Week 4 - Aug. 25-Sep. 1 (LAC) 
Week 5 - Sep. 1-8 (ARS) 
Week 6 - Sep. 1-8 (LAC) 

Fig. 5. Mean number of Collembola per pitfall trap per week plus standard error 
for each treatment in 1995. 
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Fig. 6. Mean number of Orthoptera per pitfall trap per week plus standard error 
for each treatment in 1995. 
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Notes: 

Week 1 - July 19-26 (ARS) 
Week 2 - July 26-Aug. 2 (LAC) 
Week 3 - Aug. 18-25 (ARS) 
Week 4 -Aug. 25-Sep. 1 (LAC) 
Week 5 - Sep. 1-8 (ARS) 
Week 6 - Sep. 1-8 (LAC) 

Fig. 7. Mean number of Coleoptera per pitfall trap per week plus standard error 
for each treatment in 1995. 
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Notes: 

Week 1 - July 19-26 (ARS) 
Week 2 - July 26-Aug. 2 (LAC) 
Week 3 - Aug. 18-25 (ARS) 
Week 4 - Aug. 25-Sep. 1 (LAC) 
Week 5 - Sep. 1-8 (ARS) 
Week 6 - Sep. 1-8 (LAC) 

Fig. 8. Mean number of Hymenoptera per pitfall trap per week plus standard error 
for each treatment in 1995. 
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16. Biodiversity of Pythium and Fusarium from Zea mays roots in different cropping 
systems. 

Aaron S. Briggs 1 and Doug Rouse 2 

Abstract 

Certain species of fungi in the genera Pythium and Fusarium are pathogenic to corn 
(Zea mays). It is our hypothesis that isolation and measurement of these fungal 
agents from corn in field sites may lead to a better understanding of the relationship 
between crop rotation and pathogen build-up and action in the soil. To this end we 
systematically extracted corn root segments from the soils of three systems of crop 
rotation: System 1 - Continuous corn for grain, System 3 - Wide row soybeans/ 
wheat and red clover / corn in rotation, System 5 - Oats and alfalfa / corn in 
rotation. Once removed from the soil, the roots were cleaned by a thorough washing 
on a sieve (screen) through a filtering process, and rated on a visual basis for 
necrosis. After rating, the roots were plated on selective media and incubated. 
Suspected colonies of Pythium and Fusarium spp. were then counted and isolates 
taken. These isolates were examined taxonomically. 

Introduction 

Historically, many cropping rotations have been used with corn (Zea mays) such as: 1 -
continuous corn; 2 - corn alternating with oats and alfalfa; 3 - soybeans, wheat I clover, 
and corn in series etc. Hypothetically, it is expected that cropping systems with higher 
species diversity, both in the crop rotation itself and in the localized biosphere 
surrounding the crop area, will yield more productive, resilient, and sustainable crops. 
Therefore, it is our assumption, that the expected proficiency in growth exhibited by 
diverse systems is a direct result of the crops' intimate relationship with the soil, and 
accordingly the soils' "health". We also believe that this "health" can be identified 
through various, measurable, conditions such as the concentration and existence of 
specific macro and microfaunal populations in the soil. 

The overall goal of The Wisconsin Integrated Cropping Systems Trial: Combining Agro
Ecology with Production Agronomy (of which this project is a subset) is to identify 
factors contributing to crop health in different cropping systems. Specifically, our 
immediate goal in this undertaking is to determine the effect of fungal root pathogens 
on crop health in the before mentioned cropping systems. Our hypothesis is that 
Pythium and Fusarium spp. will be more prevalent and virulent on corn roots in the 
monoculture than in other cropping systems. 

Methodology 
Refrigerated washed corn roots were used for the Pythium and Fusarium analysis. 
Twenty-five ems of roots from each of five plants were placed on selective augar for 
Pythium species and another 25 cm of roots from the same plants were plated out for 
Fusarium species. Results are expressed as number of colonies per 25 cm of root. 

1Undergraduate student 
2Corresponding author, UW-Madison Plant Pathology Department DIR@plantpath.wisc.edu 
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Pythium and Fusarium spp. were found on roots from all treatments at both locations 
on each sampling date. These results were similar to those obtained in 1995. Pythium 
was most prevelent early in the season while Fusarium became more common later in 
the season. Total numbers of Pythium colonies did not differ between cropping system 
treatments except at the beginning of the season. Fusarium colonies also did not differ 
between treatments on individual sampling dates. Figures 1 and 2 represent the 
cumulative data for all sampling dates for Pythium and Fusarium, respectively. With 
Fusarium, there was a trend for higher numbers of colonies in the continuous corn 
cropping system. This was not the case for Pythium where the highest number of 
colonies were obtained from the three cropping system containing soybeans and 
wheat/clover. It is possible that composition of the Pythium and Fusarium spp. is more 
important than number of colonies present on root systems in determining the impact 
of cropping systems on root health. We are currently trying to do the taxonomy on our 
isolate collection. 

Figure 1. Pythium: Average counts from first 4 sampling dates, 19961 
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Figure 2. Fusarium: Average counts from first 4 sampling dates, 19961 
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17. Analyses of Nematode Communities in the WISCT 
- Preliminary Analysis of 1995 Data from the Arlington Site 

Ann MacGuidwin 1 
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The objective of this project is to determine if the cropping systems differ in terms of the 
types and taxa of nematodes present. Our long-term goals are to determine how the 
nematode community contributes to the "rotation effect" and to develop predictive uses for 
nematode community structure. 

APPROACH 
Research was conducted on a subset of the plots in the Wisconsin Cropping Systems Trial, 
Arlington, WI. Each plot, 0.30 ha, represented one phase of a cropping systems treatment. 
Plots were arranged in a randomized complete block design. The corn phases of three 
cropping systems were sampled 8 times during 1995. A pasture treatment and additional 
crop phases were also sampled for comparison. The corn-based systems were: 

System 1: Continuous corn grown according to best management practices for Wisconsin 
using insecticides, herbicides, and fertilizer with conservation tillage. By 1995, these plots 
were in their 7th year of continuous corn. 

System 3: Corn (year 1) rotated with soybean (year 2) followed by winter wheat and red 
clover (year 3) grown organically with conventional tillage and mechanical weed control. 
These plots had completed two rotation cycles and 1995 was the beginning (corn) year of 
the third cycle. 

System 5: Corn (year 1) rotated with two years of alfalfa (years 2 and 3) grown using dairy 
manure but no pesticides with conventional tillage and mechanical weed control. Plots 
sampled for this treatment were also at the beginning of the third rotation cycle. 

The soil sampling protocols are described by Baldock and Posner (Chapter 13). The soil 
samples were divided for arthropod, microbial, and nematode assays. 

A 100 cm3 subsample was assayed for nematodes using a sieving-centrifugal flotation 
technique. Roots contained within the subsample were incubated on Baermann funnels for 
48 hours. Nematodes retrieved from the soil and root assays were combined in 50 ml 
water. The total number present was estimated by counting 3 1-ml aliquots. The samples 
were then concentrated and the nematodes heat-killed and fixed in TAF in glass vials. 
Preserved specimens were randomly selected from the vials and the first 50 nematodes 
observed were identified using a compound microscope. 

The relative abundance of nematode taxa was determined from each 50-specimen 
subsample. Estimated numbers per taxon were computed by multiplying the relative 
abundance by the estimate of total nematodes present in the sample. 

1 Nematologist, Plant Pathology Dept. e-mail AEM@plantpath.wisc.edu 
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RESULTS 

At least 44 genera were identified from the four cropping systems {Table 1 ). There were 
generally no significant sampling date x system interactions; the mean values presented 
represent the system main effects. There was no difference in the absolute number of 
nematodes recovered {mean = 2,838 - 2,966 per 100 cm3 soil), but the relative abundance 
of nematode taxa was different among the cropping systems. 

Trophic diversity was similar for the three corn-based systems {T = 2.53, 2. 70, and 2. 77) 
and greater {P = 0.05) for the corn systems than the pasture {T = 2.04). 

The maturity index {Bongers, 1990), a measure based on the ability of nematode taxa to 
tolerate disturbance, was higher {P = 0.05) for the continuous corn {Ml = 1.36) than for 
the rotated corn systems {Ml = 1.18 and 1.13), which in turn were higher than the pasture 
{Ml = 0.69). 

The corn-based systems contained relatively more {P = 0.05) fungal feeding and bacterial 
feeding nematodes and fewer plant feeding nematodes than the pasture{Fiqure 1 ). Among 
the corn systems, the relative abundance of fungal feeding nematodes was higher {P = 
0.05) in the continuous corn than in the corn/alfalfa/alfalfa system. The relative abundance 
of predators and omnivores did not differ among the corn and pasture systems. 

The r.elative abundance of the fungal feeding genera differed {P = 0.05) among the 
corn-based systems {Figure 2). There were proportionately more Ditylenchus spp. in the 
corn/soybean/red clover system, more Aphelenchus sp. in the corn/alfalfa/alfalfa system, 
and more Aphelenchoides spp. in the continuous corn system. 

The continuous corn and the corn/alfalfa/alfalfa systems differed {P = 0.05) for the families 
Cephalobidae and Rhabditidae, the predominant bacterial feeding nematodes {Figure 3). The 
continuous corn contained the greatest proportion of Cephalobidae, whereas the 
corn/alfalfa/alt al fa system contained the greatest proportion of Rhabditidae. 

The relative abundance of the family Diploscapteridae was highest {P = 0.05) in the 
corn/alfalfa/alfalfa system. The family Plectidae was recovered from all but system 3. 

Nematodes in the family Tylenchidae were the predominant plant feeders in all of the 
cropping systems {Figure 4). Three of the four most frequent genera in the Tylenchidae, 
Tylenchus, Malenchus, and Coslenchus, were not equally represented among the corn based 
systems. There were proportionately more {P = 0.05) Coslenchus sp. and Tylenchus spp. 
in the pasture than in the continuous corn, but the reverse was true for Malenchus sp. 
Pathogenicity of the Tylenchidae to corn has not been demonstrated. 

Some of the plant feeders recovered are known pathogens of corn {Figure 5). Pratylenchus 
spp. and Xiphinema spp. can stunt corn growth and decrease yield. Both of these genera 
were relatively more abundant in the corn/alfalfa/alfalfa than the continuous corn system. 
Paratylenchus spp., which are harmful to corn only when population densities are extremely 
high, was recovered only from the corn/soybean/red clover and pasture systems. 
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Table 1. Genera of nematodes recovered from 3 corn based cropping systems and pasture. 

Bacterial Feeders: 
Rhabditis spp. (3 spp.) 
Mesorhabditis sp. 
Protorhabditis sp. 
Acrobeles sp. 
Acrobeloides spp. (3 spp.) 
Chiloplacus sp. 
Cephalobus sp. 
Eucephalobus spp. (2 spp.) 
Panagrolaimus sp. 
Monhysterella sp. 
Plectus sp. 
Wilsonema sp. 
Alaimus sp. 
Microlaimus sp. 

Omnivores: 
Aporcelaimellus sp. 
Labronema sp. 
Eudorylaimus sp. 
Dorylaimus sp. 
Thornenema sp. 
Mesodorylaimus sp. 
Ecumenicus sp. 
Pungentus sp. 

SUMMARY and CONCLUSIONS 

Plant Feeders: 
Pratylenchus sp. 
Paratylenchus sp. 
Helicotylenchus sp. 
Tylenchorhynchus sp. 
Xiphinema sp. 
Clavilenchus sp .. 
Filenchus spp. (2 spp.) 
Malenchus sp. 
Tylenchus sp. 
Coslenchus sp. 
Psilenchus sp. 

Fungal Feeders: 
Ditylenchus sp. 
Aphelenchus sp. 
Aphelenchoides spp. (3 spp.) 
Leptonchus sp. 

Predators: 
Seinura sp. 
Nygolaimus sp. 
Mononchus sp. 
Mylonchulus sp. 
Prionchulus sp. 
Aporcelaimus sp. 
Diplogaster sp. 

After seven years, the conversion of land from corn to pasture altered the trophic structure 
and taxonomic composition of the nematode community. Differences in the nematode 
communities were also noted among the corn systems which shared a common crop in 
three of the seven years of the experiment, but differed in terms of the rotation crops and 
farming practices used to grow the corn. The presence or absence of p·esticide inputs or the 
degree of soil disturbance due to tillage were apparently not the only critical factors because 
few differences in nematode community structure were noted between the 
pesticide-intense continuous corn and the organic corn/soybean/red clover systems. In 
contrast, different types and taxa of nematodes were recovered from the continuous corn 
versus the manure-amended corn/alfalfa/alf~lfa. Freckman and Ettema ( 1993) detected 
differences in nematode community structure between annual versus perennial crops and 
this factor may have also been important in our comparisons. In contrast to our data, 
however, they reported a higher maturity index in the perennial than the annual crop. Our 
hypothesis is that manure inputs have as much or more impact on the nematode community 
as pesticide or tillage. Associated with the corn/alfalfa/alfalfa system were higher fall 
nitrate levels in the soil and a faster rate of phosphorus and potassium depletion than in the 
plots receiving inorganic fertilizer (WICST Report, 1995). Our data suggest that nematode 



opportunists such as the Rhabditidae were favored by the flush of microbial activity that 
accompanied the manure application. 
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Corn yields in the corn/alfalfa/alfalfa system were higher (P = 0.05) than the continuous 
corn (WICST Report, 1995). Until further experiments are conducted, we cannot conclude 
if the changes in the nematode community in the corn/alfalfa/alfalfa system contributed to 
enhanced productivity. Studies by other researchers have demonstrated that the compliment 
of nematode fauna present varies depending on the predominant plant species. Our work 
shows that historical shifts in the nematode community persist even when a common crop 
is grown. The challenge now is to better understand the specific functional roles of the wide 
variety of nematode taxa common to agricultural soils in order to develop predictive uses for 
nematode community analyses. 
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18. NRI Project Summary 1996: Soil quality and Soil Health Component 
Robin F. Harris 1 and Victoria A. Gollwitzer2 

Sampling Plan: 
Soil samples for soil quality analyses of microbial biomass and labile carbon were 

collected on 06/11 /96 and 8/20/96 at Arlington Research Station (ARS) and on 07 /02/96 
and 9/16/96 at Lakeland Agricultural Complex (LAC) in conjunction with the other 
biodiversity teams. Fall sampling for chemical analysis was conducted at both sites on 
09/16/96. 
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Soil health was assessed through out the sampling season following the established 
sampling plan. 

Method: 
Soil samples for soil quality analyses of microbial biomass and labile carbon were 

collected on 06/11 /96 at Arlington for quantitative soil quality analyses were collected 
within plots at predetermined, randomly-selected points with the other soil biodiversity 
researchers in the summer. At each agricultural site, two replicate plots were sampled and 
within each plot, two locations were sampled. At each sample location within the plot, two 
soil cores were removed using a 6.35 cm diameter soil probe to a depth of 9 cm in a pattern 
around the macro and micro cores taken by the entomology and microbial diversity groups. 
These two cores were then bulked and the composite sample weighed approximately 
1 OOOg. Fall samples, however, were collected in a manner similar to 1992-1994 nitrate 
research (lragavarapu et al, 1994). To quickly review this method, five locations were 
sampled along a diagonal line across the plot. Two soil cores of 1.90 cm diameter were 
taken to a depth of 15 cm at each location and all ten cores for the plot were bulked. All 
samples collected during the season were stored in plastic bags and kept on ice during 
transfer to the lab. At the lab, samples were stored in sealed, plastic bags at 4°C until 
processing. 

Samples were sieved through a 5mm screen and large stones and plant debris 
removed. The screen was washed and dried between samples. For samples that were 
processed for microbial biomass and labile carbon, moisture content was determined and 
deionized water was added to the samples on a gravimeteric basis to correct the moisture 
of samples to approximate the moisture content of the wettest sample collected from each 
site. Labile carbon and microbial biomass were then determined using the fumigation
incubation method (Jenkinson and Powlson, 1976). Chemical analyses performed on the 
fall samples were nitrate, extractable phosphorous, exchangeable potassium, organic 
matter, and pH (Harris et al., 1994 for analytical procedures). Soil samples remaining after 
analyses were archived at 4°C. 

Soil health of the WICST systems was assessed throughout the sampling season 
using the Wisconsin Soil Health Scorecard (Romig et al., 1995, 1996). Directly-observable, 
descriptive soil health indicators were scored by researchers. 

Preliminary Results: 
Soil quality was assessed using various analytical indicator properties (Table 1 ). 

Microbial biomass during the summer was significantly lower in S 1 when compared to the 
pasture system at both sites. In addition, at Lakeland significantly higher biomass was also 
observed in the bean phase of S3 and the corn phase of S5 when compared to S 1 . Labile 
carbon at Lakeland reflected this trend with significantly higher labile carbon detected in 
the S5 corn phase and pasture when compared to the amount measured in S 1 . For labile 
carbon at Arlington no significant differences were detected. 

Inorganic soil quality indicator properties were measured in the fall on 09/16/96. At 
Arlington, for all three phases of System 3 sampled (corn, bean, and wheat-red clover), 
the properties of nitrate, extractable phosphorous and exchangeable potassium 

1Professor of Soil Science 
2Graduate student, corresponding author, email: VAGOLLWl@STUDENTS.WISC.EDU 
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were detected at levels significantly lower than those of S 1. The only exception was 
that no significant difference was detected for nitrate in the bean phase. In addition, both 
the corn phase of S5 and the pasture showed significantly lower levels of 
extractable phosphorous when compared to the continuous corn system. Again for all S3 

phases sampled, pH was significantly higher in these plots when compared to S 1. 
Significantly higher pH was also detected in the corn phase of S5. It should be noted that 
these trends reflect what was observed at Arlington in 1995. 

At Lakeland, as observed at Arlington, significantly lower nitrate levels were 
detected in all three phases of S3 sampled and also in the corn phase of S5 when compared 
to the nitrate levels of S 1. In addition, extractable phosphorous again was significantly 
lower in S5 corn phase when compared to S 1. 

Organic matter repeated the observations made in 1995, no significant differences 
were detected in the percentage of organic matter between S 1 and the other systems at 
both sites, with the exception for the pasture at Lakeland which had a significantly higher 
percentage than S 1 . 

With four years of analytical data (1993-1996), it is possible to propose temporal 
trends for the agroecosystems of WISCT. At both Arlington and Lakeland microbial biomass 
has been significantly higher in the pasture when compared to S 1 during the summer 
and/or fall for the past for four years, with the exception of 1994 at Arlington (figures 1 A 
and 1 L). This trend is also apparent in the corn phase of S5 at Lakeland. Labile carbon 
does not reflect the trends of microbial biomass, however there does appear to be a flush of 
labile carbon from the fall of the previous year in the spring and summer of the following 
year (figures 2A and 2L). 

Descriptive biological properties reflect the trends of the analytical data. It was 
observed, for example in 1993-1996, that earthworm activity scored lower in the 
continuous corn system than in the other cropping systems at both sites (figures 3A and 
3L). This would suggest that the continues corn system has suppressed earthworm 
activity. Furthermore, this decreased activity of earthworms could have an adverse affect 
on additional soil properties. For example, the soil property of aeration has also scored lower 
in the continuous corn system in comparison to the other cropping systems for the past 
four years. Systems in which high earthworm activity was observed also had high scores 
for aeration (figures 5, 6 and 7). This trend is supported by morphological evidence at 
Arlington, in that fewer soil pores were evident in the continuous corn system. In addition 
for the last three years, less biological activity has usually been observed in the continuous 
corn system when compared to the other rotations (Figures 4A and 4L). It appears that the 
continuous corn system can have adverse effects on the biological properties of the soil 
when compared to the more complex rotation systems. 
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health and quality. J. Soil Water Cons 50:225-232. 
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A soil health scorecard. p. 39-60. In J. Doran and A. Jones (ed.) Handbook of methods for 
the assessment of soil quality. SSSA Special Publication. 49. SSSA, Madison, WI. 



Table 1: Analytical Soil Quality Indicator Properties for 1996 WICST Systems 

Soil Quality Properties Analytical Data for Systems 

Name Units S1: continuous corn S3: wide row beans S5: oats & alfalfa S6:. continuous easture 
corn corn phase bean phase wheat-r. clover corn phase pasture 

Ser Su Fall Ser Su Fall Ser Su Fall Spr Su Fall Ser Su Fall Spr Su Fall 

ARLINGTON 
Nitrate1 mg kg-1 - 30 4a 5 2a - 11 7 
Extractable P1 mg kg-1 108 48a 50a - 44a 69a 57a 
Exchangeable K1 mg kg-1 288 156a - 129a 143a 146a 201a 
pH1 -log[H+l 6.7 6.9a 7.0a 7.1a 7.0a 6.8 
Organic matter1 % 5.0 4.1 4.1 4.1 4.3 5.4 
Labile carbon2 mgCg-1 219 310 181 185 278 192 
Microbial biomass2 mgC 100g-1 198 239 247 211 228 320a 
Bulk Density g cm-3 
Total porosity % 

LAKELAND 
Nitrate1 mg kg-1 27 6a 9a - 4a 5a 16 
Extractable P1 mg kg-1 45 35 44 34 68a 43 
Exchangeable K1 mg kg-1 135 134 140 119 158 169 
pH1 -log[H+J 6.8 6.8 6.5 6.5 7.1 7.0 
Organic matter1 % - 4.3 4.1 5.4 5.1 5.0 5.7a 
Labile carbon2 mgCg-1 128 117 130 135 247a 258a 
Microbial biomass2 mgC 100g-1 218 - 295 459a 361 415a 587a 
Bulk Density g cm-3 
Total eorosity % 

1 Analytical data are average of 8 analyses: two subsamples from two locations per plot, and two plots were sampled from a depth of 0-9 cm. 
2 Analytical data are average of 4 analyses: two subsamples from a composite sample obtained from five locations per plot, and two plots were sampled from a depth of 0-15 cm. 
Statistical analysis: a = values significantly different from S1 at a level of P<0.1 
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19. Residue Decomposition: A Review of the First Four Years of Results 
Tom Mulder and Josh Posner* 
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The litter bag study was initiated in 1993 on the Wisconsin Integrated Cropping 
Systems Trial (WICST). The objectives of this study were to characterize the influence of 
crop rotation on residue decomposition. In collaboration with the team entomologists, the 
role of macro- and mesa- invertebrates in the decomposition process were also monitored. 
This latter objective was accomplished in two ways: 1) we used litter bags with different 
pore sizes to isolate the influence of microorganisms and soil fauna in the decomposition 
process; and 2) the entomologists have characterized the invertebrates associated with the 
large pore bags (Chapter 14). In addition, since 1994 we have been weighing the 
earthworm castes found in the large pore bags at each harvest date . 

..:Our primary hypothesis is that the speed of organic matter turn-over (e.g. corn stover 
decomposition) and diversity of soil fauna would be hi"ghest in the rotations with added 
manure, frequent legumes phases and no added pesticides. As a result, we expected our 
organic forage system (CS5) to have the most rapid rates of corn stover disappearance, our 
organic cash grain system (CS3) to be an intermediary, and our high input continuous corn 
system (CS 1) to have the slowest rates of litter disappearance. System 5 includes two 
years of alfalfa plus manure, System 3 has two legume years in the 3-phase rotation, and 
System 1 is corn every year with root worm insecticide, herbicide and applications of 
anhydrous ammonia. 

Methods 
Small pore bags (0.0053 mm) were used to exclude annelids and arthropods, 

allowing only microorganisms to enter, and large pore bags (4 mm) allowed animals to 
enter. The bags were filled with 13-15 gms of air-dried corn stover and buried in pairs, 
following preplant tillage and planting of corn. The bags were buried in the top 6 inches of 
the soil profile at a 45 degree angle to the surface. Bags were buried in all 4 repetitions in 
1993, in three repetitions in 1994 and at two sampling points in each of two repetitions in 
1995 and 1996. Bags were harvested once a month in 1993 and 1994 and every two 
weeks in 1995 and 1996; bags were then opened, air dried and after removal of large soil 
particles and earthworm castes (large pore bags only), weighed. After weighing, the large 
pore bags were then ashed, to get an accurate measure of organic matter disappearance 
from each bag. The small pore bags remained fairly uncontaminated with soil so they were 
not ashed before final weighing. 

Results 
As can be seen in Table 1 a and b, by mid-October, one-half to two-thirds of the corn 

stover disappeared (50-67%) in most situations with the large-pore bags. However, in 1996 
at Lakeland, with its extremely wet and cool spring, and then dry August, residue 
decomposition was retarded and final disappearance was below 40% in all the treatments. 

* Project Manager and Research Coordinator, respectively. Agronomy Department UW-Madison. 
Corresponding author. Phone (608) 262-0876. E-mail jlposner@facstaff.wisc.edu 
Special thanks to summer helpers, Jill Stengle, Joe Hoffman, Sara Zydowicz, and Sarah Galuska 
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In most site years, nevertheless, our hypothesis was partially borne out and stover 
disappearance was higher under corn in System 5 than the other two systems (CS 1 and 
CS3), although frequently the difference was not significant. However, differences between 
the corn phase in the other two cash grain systems were not large at either site. With this 
approach of trying to characterize soil biological activity by residue disappearance, we can 
not distinguish between continuous corn and our organic three-phase system, while we can 
see generally higher stover decomposition rates in our forage based system (CS5). 

For the past three years we have been also measuring the weight of earthworm 
castes in the large pore bags. This variable represents apparent earthworm activity. As 
with the decomposition bags, in general, there are more earthworm castes in CS5, followed 
by CS3 , and the lowest activity in the continuous corn plots (CS 1) (Table 2a and b). 
Again, in the very wet and then dry 1996 season, there was very little earthworm activity 
at the more poorly drained Lakeland site. 

With the exclusion of earthworms and insects in the small pore bags, there is less 
disappearance of the stover by the end of the season. The summary of four years of data 
comparing the small pore bags and large pore bags in the corn plots is presented in Table 3 
a and b. We find that only one-third to one-half of the stover disappears from the bag by 
mid-October. It is interesting to note that with the exclusion of insects and earthworms, 
there were even fewer signifigant differences between treatments 

It appears that corn stover disappearance is not a particularly useful measure to 
distinguish between cropping systems. Our hypothesis is that under rotations that promote 
increased biological life (arthropods, earthworms, soil bacteria) we would find more rapid 
stover disappearance. To date (our 7th season), while we have been able to see a 
difference between the forage rotation and the cash grain rotations, we have not been able 
to see consistent differences between-the two cash grain rotations. 
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Table 1a 

Percent residue disappearance at final recover date of large pore bags- ARS * 

System-phase 1993 1994 1995 1996 

CS 1--Corn 60 62 59 54 

CS 3--Corn -- 57 60 62 

CS 5--Corn -- 68 81 77 

· CS 3--Soybean 61 66 54 --

CS 5--0ats/ Alfalfa 68 69 -- --

CS 6--Pasture -- 70 48 46 

LSD (10%) NS NS 19.5 13.7 

CV(%) 19.3 18.2 16.8 25 

* % corn residue disappearance from bags. Bags were buried in mid-June and final harvest 
was between Sept 15 and Oct. 10. Percentages on ash-free basis 

Table 1b 

Percent residue disappearance at final recovery date of large pore bags- LAC* 

System-phase 1993 1994 1995 1996 

CS 1--Corn 71 67 45 41 

CS 3--Corn -- 58 43 38 

CS 5--Corn -- 67 52 39 

CS 3--Soybean 62 52 49 --
CS 5--0ats/ Alfalfa 54 43 -- --

CS 6--Pasture -- 46 39 32 

LSD (10%) NS 10.1 NS NS 

CV(%) 23.6 27.2 22.9 7.2 

* % corn residue disappearance from bags. Bags were buried in mid-June and final harvest 
was between Sept 15 and Oct. 10. Percentages on ash-free basis 



Table 2a 

Earthworm castes (gms/bag) at final recovery date- ARS* 

System-phase 1994 1995 1996 

CS 1--Corn 33.7 12.4 12.6 

CS 3--Corn 42.6 12.4 19.2 

CS 5--Corn 69.2 33.4 18.5 

CS 3--Soybean 38.0 11.8 --
CS 5--0ats/ Alfalfa 61.9 -- --

CS 6--Pasture 47.2 3.9 12.5 

LSD (10%) NS 11. 7 NS 

CV(%) 53 71 39 

*grams of castes found in each bag at harvest. Actual weights are somewhat inflated as 
some soil particles were tightly attached to the castes and could not be removed. 

Table 2b 

Earthworm casts (gms/bag) at final recovery date- LAC* 

System-phase 1994 1995 1996 

CS 1--Corn 7.7 3.3 1.6 

CS 3--Corn 73.4 7.5 1.6 

CS 5--Corn 59.2 23.5 1.9 

CS 3--Soybean 20.6 13.6 --
CS 5--0ats/Alfalfa 41.5 -- --

CS 6--Pasture 7.2 13.5 2.4 

LSD (10%) 21.8 8.5 NS 

CV(%) 44 41 52 

*grams of castes found in each bag at harvest. Actual weights are somewhat inflated as 
some soil particles were tightly attached to the castes and could not be removed. 
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Table 3a 

Comparison between % residue disappearance in large and small pore bags--ARS * 

1993 1994 1995 1996 

System-phase Lpore Spore Lpore Spore Lpore Spore Lpore Spore 

CS 1-Corn 60 41 62 -- 59 48 54 15 

CS 3-Corn 61 35 57 50 60 48 62 17 

CS 5-Corn 68 39 68 43 81 46 77 15 

LSD (10%) NS NS NS NS 19.5 NS 13.7 NS 

CV(%) 19.3 12.2 18.2 14.3 16.8 6.2 25.4 4.6 

*Large pore bags (4mm) and small pore bags (.0053 mm) were buried in tandem in early 
June each year and the last recovery date was in mid-September to early October. The % 
residue disappearance is on an ash-free basis 

Table 3b. 

Comparison between % residue disappearance in large and small pore bags--LAC* 

1993 1994 1995 1996 

System-phase Lpore Spore Lpore Spore Lpore Spore Lpore Spore 

CS 1-Corn 71 43 67 -- 45 57 41 16 

CS 3-Corn 62 16 58 39 43 45 38 15 

CS 5-Corn 54 27 67 38 52 44 39 14 

LSD (10%) NS 12 10.1 NS NS 3 NS NS 

CV(%) 23.6 11. 1 27.2 12.2 22.9 12.9 7.2 9.8 

*Large pore bags (4mm) and small pore bags (.0053 mm) were buried in tandem in early 
June each year and the last recovery date was in mid-September to early October. The % 
residue disappearance is on an ash-free basis 
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20. Whole-Farm Nutrient Budgeting on 28 Farm Operations in Southern Wisconsin 
D.R. Fisher1

, J. L. Posner2
, J.O. Baldock3 

Introduction 
Concerns about the environmental impact of farm nutrient buildup and 

resulting losses have emerged with the application of purchased fertilizer and 
increasing livestock density during recent decades. Historical data from the 
University of Wisconsin Soil and Plant Analysis Lab show that nutrient levels on 
Wisconsin agricultural land have been rapidly rising (Combs, 1996). As a result of 
such concerns, farm-specific nutrient management planning tools have been 
developed to evaluate on-farm nutrient flow. Typically, these tools employ a system 
of record keeping to generate nutrient budgets which account for nutrient movement 
within and among farm enterprises. Whole-farm nutrient budgeting may operate 
from a field-by-field (Bullington, 1995) or farm-gate (IATP, 1996) level. It simulates 
the interconnections between (on a crop/livestock farm) manure production and 
handling, cropping patterns and yields, existing soil test levels, livestock rations, and 
milk production. Resulting information is used to streamline nutrient flow and 
minimize excessive application to fields (Bacon, 1990; Lanyon, 1989). The objective 
is to achieve nutrient balance, such that nitrogen losses are minimized and soil test 
phosphorus and potassium concentrations are stabilized at desired levels. 
During 1996, whole-farm nutrient budgets were developed on 28 farms in Southern 
Wisconsin. These budgets were computed using the nutrient management module of 
the Crop Rotation Options Program (CROP), which is a spreadsheet-based computer 
model being developed (by the authors of this report) as a tool for Whole-Farm 
Planning. The two-fold purpose of the project was to field test the nutrient 
management portion of CROP, and to gain insight into nutrient balance on a variety 
of Wisconsin farm operations. 

Methods 
The Sample 

Twenty-eight farms were chosen by extension agents in three Southern 
Wisconsin counties. As presented in Table 1, the sample contains 11 dairy farms, 9 
farms with dairy and beef, 5 farms with beef and/or hogs, and 3 cash-grain farms. 
Among the farms with dairy operations, herd sizes range from 49 to 420 cows, with 
an average of 122. Milk production levels range from 14,000 to 24,500 lb. with an 
average of 20,270. Corn acreage as a percent of the total, averages 41 % among 
the dairy farms, and 52 % for the entire sample. With above average production 
levels and multigenerational participation, the selected farms represent the type of 
operation that will remain in farming for the foreseeable future. 

Data Collection 
During a two-hour interview, farmers were asked to describe their planting 

plans and general feeding ration for the coming year. This information includes a 
livestock herd inventory, herd management and feeding practices, crop acreage and 
yields, and projected fertilizer purchases. 

1Graduate student, Dept. Of Agronomy, Univ. Of Wisc, Madison, drfisher@wisc.edu.wisc 
2Professor, Dept. Of Agronomy, Univ. Of Wisconsin, Madison 
3 Crop consultant, AGSTAT, Verona, Wisconsin 
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Table 1. Farm Samele Characteristics. 
Dairy Milk Beef Swine Acres 

Fann Loe- Total Herd Prod Herd Herd in Corn 
ID ation Acres Size lb./yr Size Size (% of Total) 

Dairy operations -
10 SW 916 420 23,000 55% 
11 SC 845 100 19,670 38% 
12 SC 460 125 20,400 44% 
13 SC 316 80 20,800 34% 
14 SE 306 55 19,100 39% 
15 SE 295 64 21,000 39% 
16 SC 281 160 24,000 40% 
17 SE 270 75 20,109 44% 
18 SW 240 163 14,000 0% 
19 SC 198 55 20,300 45% 
20 SE 130 64 16,000 23% 

Dairy with Beef -
1 SC 231 50 19,500 122 1,320 61% 
2 SC 2,165 218 24,000 120 65% 
3 SC 1,435 375 18,000 133 35% 
4 SC 890 77 18,254 47 57% 
5 SC 504 60 20,000 41 41% 
6 SC 430 90 19,500 60 48% 
7 SC 425 49 22,470 170 58% 
8 SC 320 89 24,500 63 63% 
9 SC 128 71 20,812 53 57% 

Beef and Swine oeerations 
21 SC 614 235 350 49% 
22 SC 1,800 950 67% 
23 SC 326 57 59% 
24 SE 1,005 270 72% 
25 SE 148 1,350 0% 

Cash grain- operations 
26 MN 2,917 53% 
27 SC 1,500 60% 
28 SE 440 48% 

I Averages 698 I 122T2o~mr 111 I a23 J 52%] 



Results 
Nitrogen 

The nitrogen balance is represented as the comparison between the amount 
of purchased nitrogen recommended by Best Management Practices (BMP) and the 
farmer's projected purchase amount. As shown in Figure 1, 18 farms in our sample 
report nitrogen management which is similar to BMP recommendations ( ± 20 
lb./acre). Three farms, even after significant outreach activities over the past 
decade, are still importing more than 70 lb. per acre above the recommendation. 

Phosphorous and Potassium 
Because the imbalance between P and K additions and offtake result in soil 

test changes, we have expressed the farm P and K budget in terms of estimated 
annual soil test change. Most farmers in our sample have slowly increasing soil test 
P levels (Figure 2, mean = 1.4 PPM per year) and more rapidly increasing K levels 
(Figure 3, mean = 5.3 PPM per year). Most of the farms, however, had soil test 
levels .already well above optimum levels (optimums are 16-23 PPM P, and 91-120 
PPM K for a dairy rotation)(Kelling, 1991 ). This means that, in order to move toward 
optimum, these farms should actually be drawing down soil levels. 

Manure/Stocking Rates 
A commonly used indicator for the intensity of a farm's nutrient management 

program is its stocking rate. We have used the Wisconsin Department of Natural 
Resources (WDNR, 1984) system which is based on the annual manure nutrient 
production of a 1,000 LB. steer. Other animals are indexed to this production (e:g. a 
mature Holstein = 1.4 animal units). The estimate of animal units is then divided by 
the number of acres that receive manure (manured acres or MAs). Stocking rates 
among the 25 crop-livestock operations in our sample center around 1 . 7 manured 
acres per animal unit (MAs/AU). Fifteen of the 25 crop-livestock farms have 
between one and two MAs/AU. 

Survey Interpretation 
• Most farmers in our sample were interested in nutrient management on their farm 

and many (72 % ) were using consultants to help make input purchase decisions. 
• We found that the most common cause for over-application of nitrogen on dairy 

farms was due to not taking full manure-N credits when planting corn. The cash 
grain farms were managing nitrogen with great precision. 

• Many farmers were over-applying starter fertilizer to corn grown on soils testing 
excessively high. 

• Many were also heavily topdressing alfalfa with potash even though soil test K 
was at excessively high levels. 

• Many farmers were importing more P in their dairy ration than recommended by 
the national research council. 

• We found a weak correlation (R-Squared = 0.49) between stocking rate and soil 
test build-up (see Figure 4). Through crop rotation, fertilizer management, ration 
management and production level, farmers are able to manage different numbers 

of animals with the same land base. However, in this sample, when stocking 
rates were below 2.0 MAs/AU, changes in soil test P levels were always positive. 

~05 



Conclusion 

The results from this study of 28 Southern Wisconsin farms indicate that, on 
average, these farmers are applying nitrogen, phosphorus and potassium at rates 
which are only slightly greater than crop offtake. Where nutrient imbalance exists, 
common causes include heavy stocking rates, high starter fertilizer application rates, 
under-crediting of manure and legume nutrient additions, and excess nutrient 
concentration (especially P) in the dairy ration. 
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With growing awareness of farm nutrient impact on the environment, producers will 
increasingly rely upon nutrient budgeting to perfect their management of farm 
nutrient flow. This application of the CROP nutrient module has demonstrated its 
effectiveness in helping farmers to expand their understanding of whole-farm nutrient 
management, and gain new insight into their current nutrient management plans. 
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Figure 2. Estimated Annual Changes in Soil Test 
Phosphorous (Frequency of Cases) 
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Figure 3. Estimated Annual Changes in Soil Test 
Potassium (Frequency of Cases) 
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21. WICST Outreach and Communications Activities 
K. Griffith 1 

PROJECT PUBLICATIONS 

Newsletter 

111 

WICST' s six page newsletter has been published three times in the last year. Each issue 
includes a farmer profile/interview discussing a practice relevant to WICST, news on WICST 
activities (including those of Friends of the Lakeland Agricultural Complex (FLAC) and the Crop 
Production Club), discussions of WICST results and findings, brief articles on policy issues 
relating to sustainable agriculture, and a list of upcoming events. One issue emphasized 
WICST's work on soil health and soil quality, another focused on economic findings. The 
newsletter is sent to a mailing list of about 2100, roughly two-thirds of whom are farmers. 

Profitable Farming Updates 

These single sheet publications feature a farmer interview/profile on the front, focusing on a 
sustainable farming practice, and a more systematic discussion of related WICST findings on 
the back. The six issues to date have focused on the value of adding soybeans to continuous 
corn; profitable weed control (emphasizing that herbicides can cost more than they are worth 
if they are overused); rotary hoeing; adding a small grain and cover crop to a corn/soybean 
rotation; a very low input corn/oats/alfalfa system for dairy farms; and rotational grazing. In 
progress is an Update on zone tillage. 

Brief Introductory Materials on WICST 

Several one page items provide an introduction to the WICST project. These are sent to 
interested parties who inquire about the project, and are also available at WICST events: the 
WICST mission statement; an overview of WICST; a description of the six cropping systems; 
and an explanation of "systems-oriented" research. 

WICST Results 

Dollars and Sense with WICST provides an overview of WICST' s economic findings to date, 
namely that the lowest input cash grain rotation is economically competitive with the more 
chemical-intensive rotations. 

The Summary Chart provides a visually simple comparison of the WICST cropping systems, 
evaluating their productivity, environmental and economic indicators. The chart, with numerous 
explanatory footnotes, includes data on weed biomass and seedbanks in each system, energy 
input/output ratios, soil nitrates, yields, gross margins, etc. 

The labor use chart compares weekly labor inputs in the three cash grain systems, and 

1 Communications Coordinator, WICST and Michael Fields Agricultural Institute, W2493 County Road ES, 
East Troy, WI 53120. Home office phone: (608) 233-5029. E-mail: kbgriffi@facstaff.wisc.edu 



discusses lifestyle and management implications. Though the most diversified system had the 
highest labor needs, labor was spread out more evenly over the growing season, easing 
bottlenecks. The moderately diversified system (corn and soybeans) had the lowest labor 
needs. 

Event-Specific Publications 

Special publications were prepared for our 1996 winter meeting on Soil Health and Soil Quality. 
The workshop packet included one page summaries of presentations covering root growth and 
health and the Wisconsin Soil Health Scorecard. 

Special publications were also prepared for the 1996 Prairies Jubilee! field day, co-sponsored 
with the Madison Audubon Society and Prairie Enthusiasts. The materials were geared for an 
urban environmentalist audience, and included: If diversity is so good, why don't we have more 
of it? discussing the policy, economic and other impediments to diversity; Lawns and corn fields 
may have more in common than you think, examining the similarity in weed control challenges 
in lawns and corn fields; and an introduction to the WICST project in question and answer 
format, focusing on the issue of cropping system diversity and its implications. A shorter, 
somewhat less technical comparison chart of the six systems was also prepared for this event. 

OTHER COMMUNICATIONS PRODUCTS AND ACTIVITIES 

Displays 

Several displays of WICST activities and results have been prepared. One focused on major 
economic and agronomic findings of the project. Another, prepared for Prairies Jubilee! focused 
on cropping system diversity and its benefits, and WICST' s efforts to measure environmental 
impacts of the cropping systems. Several displays, prepared by various WICST team members, 
have presented activities and findings relating to soil biodiversity; crop residue decomposition; 
weed biomass and weed seedbanks; and overall WICST activities and findings. 

We have occasionally invited non-WICST partners to join with us in educational events. At 
Prairies Jubilee! our partners had booths on low-input lawn care, organic market gardening, 
songbirds in pastures, the Conservation Reserve Program, and a hands-on groundwater model. 

Events 

WICST has sponsored or participated in a number of educational and outreach events. These 
include Prairies Jubilee! and the Soil Health and Soil Quality Workshop, among others (see list 
below). WICST has also hosted visiting farmers, Extension Agents, researchers, policy makers, 
and agricultural professionals from Wisconsin, the upper midwest, and several foreign countries. 
In Walworth County, Wednesday Walkabouts have provided an opportunity for interested 
farmers and others to see the WICST plots firsthand throughout the growing season. The plots 
have also been used in an elementary school curriculum on agriculture prepared by WICST team 
member Lee Cunningham. In Columbia County, the WICST plots have been visited by several 
hundred primary and secondary school students learning about soils and sustainable agriculture 
during field days organized by WICST team member Dwight Mueller. 
WICST has also played a key role in organizing and publicizing events sponsored by the Friends 
of the Lakeland Agricultural Complex (the Walworth County WICST site) and the Crop 
Production Club (drawing from the counties near'the Arlington Research Station). In particular, 
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WICST has done prior and follow-up press work for the events. These events have included 
a series of meetings to strategize how to save the Lakeland Ag Complex and WICST project, 
a harvest celebration, and the Harvest Taste of Walworth County, an event aimed at increasing 
understanding between farmers and non-farmers in Walworth County. In the Columbia County 
area, WICST helped organize and publicize a well-attended meeting on zone tillage, a summer 
field day, and a winter workshop covering a variety of production related topics. 

1996 Events 

Winter Meeting on Soil Health, Soil Quality (February, Madison, 40 participants) 
UW Agriculture Short Course Presentation (February. Madison, 40-50 
participants) 
Zone Tillage Meeting (March, Arlington, 125 participants) 
Agriculture and the Environment (March, Arlington, 300 4th grade participants) 
Agriculture Curriculum (May, Lakeland, seven 3rd grade classes) 
Soils and Land Use (June, Arlington, 25 participants) 
National Farmers' Organization Board Tour (June, Arlington, 25 participants) 
Agronomy Field Day (July, Arlington, 300 participants)) 
Shared Leadership, Shared Responsibility (July, Lakeland, 35 participants) 
Prairies Jubilee! (August, Arlington, 260 participants) 
Crop Production Club field day (August Dane/Columbia County, 50 participants) 
State Secretaries of Agriculture (September, Lakeland) 
Taste of Walworth County (FLAC, September, Lakeland, 275 participants) 
Science Field Day (September, Arlington, 225 DeForest kids) 

Policy Work 

WICST takes its findings to the policy level. We have tried to inform and support federal and 
state policy initiatives that promote sustainable agriculture. We have sent letters to 
Wisconsin's Senator Herb Kohl urging him to support worthwhile federal programs, in the 
process educating and obtaining support from numerous WICST collaborators and friends. We 
have written opinion pieces for Wisconsin newspapers discussing policy issues and how they 
impact production decisions on Wisconsin farms. Finally, WICST played a key role in a 
ceremony honoring Wisconsin's Senator Herb Kohl for his energetic efforts on behalf of 
sustainable agriculture. WICST provided and coached several speakers for the event, helped 
publicize it, and coordinated press coverage. 

WICST has also assisted FLAC in obtaining press coverage of events and controversies relating 
to the County Farm, and has helped prepare press packets for County Board members prior to 
and following key Board decisions regarding the farm. WICST also participated in public 
education activities such as tabling at the County Fair, and helping build the coalition that 
worked to save the County Farm. 

Networking 

WICST has played a key role in the formation and ongoing activities of the Friends of the 
Lakeland Ag Complex committee and the Crop Production Club. WICST has provided logistical 
support, communications assistance and press work, and -- where appropriate --agronomic 
expertise and WICST findings. WICST and Michael Fields, as members of the Integrated 
Farming Systems Network, also obtained funding for and organized two media skills and 
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strategy workshops for sustainable agriculture activists. These well-attended workshops have 
trained nearly 60 IFS and other sustainable agriculture colleagues from around the country; 
negotations are underway to fund several more. In addition, WICST wrote an article on the 
importance of communications strategy and press work for the newsletter of the Consortium 
for Sustainable Agriculture Research and Education. 

Media Work 

Media work has been a core communications strategy for WICST. We focus our efforts on the 
state agricultural press for the most part, but where appropriate submit items to urban papers 
and the weeklies in the Walworth County area. Our work in the past year has included 5 radio 
spots on WICST and the Lakeland Agricultural Complex targeted at Walworth County stations; 
numerous press releases on WICST findings and events; an in-depth profile of WICST 
collaborator and FLAC chair Steve Pinnow; a feature piece on soils for the Elkhorn Independent;· 
and op-ed pieces on high versus low-input agriculture, the Farm Bill, and federal policy 
initiatives for sustainable agriculture. We have both written and solicited letters to the editor 
on a variety of WICST, LAC and sustainable agriculture topics which have appeared in local and 
state papers. WICST also worked closely with a reporter at the Janesville Gazette for extensive 
coverage of WICST, FLAC, low-input agriculture, and small grains in the paper's special 
agricultural supplement in January of 1996 and 1997. WICST was written up in the Profiles 
in Success section of Keeping Current, a water quality newsletter published out of the U. W .' s 
Environmental Resources Center. We have worked closely with a UW agricultural journalist on 
a major press release on WICST's economic findings, and the lead article on WICST in the 
College of Agriculture's Science Report. WICST has received particularly extensive coverage 
in Walworth County local papers for its work at the Lakeland Ag Complex, as part of a broader 
effort to build support for the farm and increase awareness of its activities. 

WICST Project Notebook 

To provide a simple, comprehensive introduction to WICST, we have prepared a project 
notebook with sections on collaborators, research activities and results, outreach, community 
support, media work, policy work, and activities and impacts within the university. Including 
publications, photographs, newsclippings, and congressional testimony, the notebook is useful 
with journalists, potential funders, new collaborators, and others needing an introduction to the 
project. 
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22. WICST Educational Outreach 1996- Columbia County 
Dwight Mueller1 

Several activities highlighted the outreach efforts for the Columbia County WICST 
project. Last spring, a Crop Production Club was formed to provide a forum for 
farmers to discuss concerns and share production strategies. At the Agronomy Field 
Days, the major field day for the Arlington Ag. Research Station, the WICST trials 
were featured as one of the tour stops. In June, the NFO State Board held a meeting 
at the Arlington Station and toured the WISCT trials. We again hosted many 
students for tours of the plots. 

Columbia County's WICST farmer committee was active last year. In March a 
program was organized on No-till and Zone tillage in which over 100 people 
attended. Shortly thereafter the farmers decided to form a Crop Production Club 
with the assistance of Ray Saxby, the Columbia County Agent, Arlington Station 
Staff and WISCT. They decided that the goal of the club would be to provide a 
forum for farmers to discuss concerns and share production strategies. Later in the 
summer, the group organized a field tour of two local farms. Topics discussed were 
the farmers experiences with Bt corn, cover crops and no-till alfalfa. 

The largest field day held at the Arlington Research Station is the Agronomy Field 
Day. This event is attended by approximately 400 farmers, agricultural industry 
representatives and educators. This year the WICST trials were a featured stop. 
Speakers Doug Rouse, Jerry Doll, Jim Stute, and Rick Klemme presented; Cropping 
Systems and Soil Biodiversity, Surviving the Transition: Weeds and Mechanical 
Weeding, Adding a Green Manure to your Cash Grain Rotations, and Economic 
Analysis of Alternative Cropping Systems respectively. This summer the Arlington 
Research Station also hosted the NFO State Board. The tour of the station included 
a stop at the trial site where a discussion of the projects goals and results were 
discussed. 

In August, WICST helped sponsor the second annual Science field day for 250 
DeForest 8th graders. This was an interactive hands-on field day and went very 
well. Students moved among five different stops which included presentations and 
activities on soil profile descriptions, groundwater and soil water movement, rainfall 
simulation and soil erosion, soil bio-diversity and crop production and nitrogen. Each 
student had to collect data which was later used for quizzes and exams in the 
classroom. 

1Superintendant of the Arlington Research Station 
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Once again WICST help sponsor Prairies Jubilee Field Day with the Madison Audubon 
Society which attracted an audience of over 400 people. The Field Day included a 
stop at the WICST where an overview of issues and concerns related to Wisconsin 
agriculture was given. Displays were set up in our Public Events Building on WICST, 
groundwater and alternatives for reducing pesticide and fertilizers for urban 
homeowners. 

Educational Activity Listing for Columbia County 

EVENT 

Prairie Jubilee 

Elementary School Students 

Middle Sch. Students (Science Field Day) 

UW Soil Science Summer School Class 

Agronomy Field Day-WICST Featured 

UW Short Course Presentation 

No-till/Zone-till Seminar 

NFO State Board Tour 

Summer Institute of African Agricultural 
Research 

Crog Production Tour 

Total 

NO. ATTENDING 

200 

300 

250 

50 

400 

50 

125 

25 

50 

100 

1550 
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23. WICST Educational Outreach Program 1996 - Walworth County 
Lee Cunningham 1 

Sustainable Agriculture emphasis has become a major portion of the UW-Extension Ag 
program efforts in Walworth County. UW-Extension helps identify sustainable agriculture 
practices that protect the environment, increase potential farmer profitability, and emphasize 
the social acceptability of sustainable ag systems. 

Agriculture can be an important land use planning tool that prevents over-development of a 
community for other purposes which could be detrimental to the environment. 

Extension Response 

A wide range of outreach efforts are conducted annually to reach farmers, policy makers, 
public officials, students and the general public. 

WICST Outcomes 

Partially as a result of the WICST Project, twenty-five (25) farmers chose to include a small 
grain in their farming system. They worked with a local elevator who began to develop a 
market for the grain produced. The elevator agronomist has estimated 400 farmers have 
voiced an interest in participating in the program in 1997. Small grains have been utilized in 
one of the six systems being evaluated in the WICST project. Five farmers have begun to 
utilize a legume in their farming systems as a cover crop and a natural nitrogen source for the 
following corn crop, thus reducing the need for supplemental commercial nitrogen as well as 
providing a crop that builds the soil and reduces weed growth. 

One hundred fifty-seven (157) elementary students from seven classrooms completed the 
four-week long sustainable agriculture education unit. 

Results from exit surveys of 67 farmers visiting the WICST site show that 46 of them plan to 
use profitability, productivity and environmental impact as criteria for selecting new or 
different production practices on their farms. 

The Walworth County Board continues to support sustainable agriculture through the 
educational activities carried out at the Lakeland Ag Complex which cites its mission 
statement to be to "Promote Clean Water, Healthy Soils and Profitable Agriculture." 

Three representatives of the local Land Conservation Committee have utilized the WICST 
information as they have worked within the Sugar/Honey Creek Watershed. 

Fifty-seven (57) individuals from 12 states attended the WICST site as part of a 3-day 
Sustainable Agriculture Extension Training Workshop coordinated by the University of 
Nebraska-Lincoln. 

1 Lakeland Agricultural Complex Superintendent and UW-Extension Agribuisness Agent, Walworth Co. 
(414)741-3175; lee.cunningham@ces.uwex.edu. 
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One hundred forty-seven ( 14 7) people attending the National Association of State 
Departments of Agriculture Annual Conference received 4 direct mail pieces regarding the 
sustainable agriculture education program in Walworth County. One hundred thirty-nine (139) 
participants at the conference toured the sustainable agriculture WICST site during their 
National Conference held in Lake Geneva, Wisconsin. 

Secretary of the United States Department of Agriculture, Dan Glickman, recognized the 
WICST project as an important tool of sustainable agriculture in his speech to the National 
Association of State Departments of Agriculture. 

Senator Herb Kohl identified the WICST as a Nationally recognized program and supported 
congressional funding to continue the work being done there in the Congressional record. 

Five hundred thousand dollars was appropriated by Congress to support research through the 
ARS/IFS program. The WICST project was to be supported through these funds. 

Thirty-seven (37) Japanese students toured the sustainable agriculture WICST site. 

Seventy-five (75) farmers and industry professionals participated in a precision farming field 
day and increased their knowledge of how global positioning, computerized yield monitoring, 
soil grid mapping and other field data will be used in the future as tools that can help farmers 
become more sustainable through improved utilization of chemicals and fertilizers as well as 
systems management. 

Lee Cunningham, Walworth County Agricultural Extension Agent, spoke at a meeting of the 
International Joint Commission on the Environment regarding sustainable agriculture. 
Additionally, he also spoke at a meeting of Undersecretaries of Agriculture in the USDA in 
Washington D.C. regarding sustainable agriculture and the valuable role Extension plays in this 
area. 

Lee Cunningham and John Hall, Director of the Michael Fields Agricultural Institute, have been 
active members of the University of Wisconsin Extension Sustainable Agriculture Task Force 
charged with the promotion of sustainable agriculture practices through Ag Extension 
programming efforts. 
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Appendix I. ARLINGTON AGRICULTURAL RESEARCH STATION WICST INPUT/OUTPUT DATA - 1996 

Corn rotations 

Crop-96 Cont. Corn Corn Corn Corn Corn 
Rotation CS1 CS2 CS3 CS4 CS5 
Treatment 1 2 6 10 12 

Plot #'s 109, 204, 108, 206, 102, 212, 107, 205, 103, 213, 
306,412 310,408 313,407 309,404 314,410 

Primary Chisel Plow No-till Chisel Plow Chisel Plow Chisel Plow 
Tillage 11 /8/95 11 /8/95 4/24/96 4/24/96 

Sweeps Sweeps Sweeps 

Secondary Field Cult. None Field Cult. Field Cult. Field Cult. 
Tillage 4/8/96 5/2/96 5/2/96 5/2/96 

5/12/96 5/12/96 

Planting 
Date 5/3/96 5/3/96 5/13/96 5/3/96 5/13/96 
Variety Pioneer 3563 Pioneer 3563 Dekalb 493 Pioneer 3563 Dekalb 493 
Rate 31,500 31,500 34,000 31,500 34,000 

Fertilizer 
Starter 100 lb 100 lb None 1001b None 

6-24-24 6-24-24 6-24-24 
Nitrogen 931b N/a 120 lb N/a None None None 

82-0-0 82-0-0 
6/29/96 7/8/96 

Manure None None None 20 Ton/A 15 Ton/A 
11/6/96 11 /6/96 

Pesticides 5/20/96 5/4/96 None 6/5/96 None 
Dual 2 pt/a Roundup 1 qt/a Buctril 1 pt/A 
6/5/96 + ammonium sulfate 
Buctril 1 pt/a 5/20/96 
5/3/96 Dual 2 pt/a 
Force 3G 4 lb/a 6/5/96 

Buctril 1 pt/a 
Accent .35 oz/a 

Rotary Hoe None None 2X 5/21/96 None 2X 5/21/96 
1X 5/29/96 1X 5/29/96 

Cultivation 7/3/96 7/3/96 6/29/96 7/3/96 6/25/96 
(No-till) 7/3/96 6/29/96 

7/8/96 7/3/96 
7 /16/96 (rep 1,2,3) 7/8/96 

Harvest 11 /5/96 11/5/96 11 /5/96 11 /5/96 11 /5/96 

Yield 131.5bu/a 140.0 bu/a 83.5 bu/a 151.2 bu/a 153.6 bu/a 

Fall Chisel Plow None Chisel Plow None None 
Practices 11 /6/96 11 /6/96 
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Appendix I. ARLINGTON AGRICULTURAL RESEARCH STATION WICST INPUT /OUTPUT DAT A - 1996 

Soybean and Wheat Rotations 

Crop-96 NR Soybean WR Soybean/Wheat Wheat/Red Clover 
Rotation CS2 CS3 CS3 
Treatment 3 5 4 

Plot #'s 101, 214, 106, 202, 104,201, 
303,401 307,411 301,402 

Primary No-till Chisel Plow None 
Tillage 11/8/95 

Secondary None Field Cult. None 
Tillage 5/2/96 

5/12/96 

Planting 5/14/96 5/14/96 9/29/95 W. Wheat 
Date 2/29/96 Red Clov. 

4/22/96 S. Wheat 

RateNariety 235,000 s/a 175,000 s/a 150 lb/a Glacier 
Asgrow 1900 SB Asgrow 1900 100 lb/a S. Wheat 

20 lb/A Red Clov. 

Fertilizer None None None 

Pesticides 5/7/96 None None 
Roundup 1 qt/a 
+ am sulf + NIS 
6/28/96 
Pursuit 3 oz/a 
Pinnacle . 125 oz/a 
7/1 /96 
Poast Plus 1 pt/a 

Rotary Hoe None 2X 5/21/96 None 
1X 5/29/96 

Cultivation None 6/25/96 None 
6/29/96 
7/3/96 
7/16/96 

Harvest 10/4/96 10/4/96 8/14/96 

Yield 53.7 bu/a 60.2 bu/a 45.4 bu/a wheat 
1.55 T /a straw 

Fall None Disk 10/6/96 None 
Practices Double disk drill 10/6/96 

Glacier W. Wheat 150 lb/a 
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Appendix I. ARLINGTON AGRICULTURAL RESEARCH STATION WICST INPUT /OUTPUT DAT A - 1996 

forage rotations 

Crop-96 D. Seeded Estab. Estab. Oats/ Estab. Pasture 
Alfalfa Alfalfa I Alfalfa II Alfalfa Alfalfa I 

Rotation CS4 CS4 CS4 CS5 CS5 CS6 
Treatment 9 8 7 11 13 14 

Plot #'s 105, 203, 113,210, 111, 209, 110, 208, 114,211, 112, 207 
308,406 311,414 305,409 304,413 312,403 302,405 

Primary Chisel Plow - - Chisel Plow 
Tillage 11 /8/95 11 /8/95 

Secondary Field Cult. - - Field Cult. 
Tillage 4/8/96 4/8/96 

Planting 4/8/96 4/24/95 4/18/94 4/8/96 4/24/95 4/26/96 
Date 

Variety ICI 631 ICI 631 Magnum Ill Bay-oats ICI 631 Medium RC 
ICI 631-alf. 
Perennial ryegrass 

Planting 15 lb/A - - 12 lb/A alfalfa - 6 lb/a 
Rate 64 lb/A oats 

2 lb/a ryegrass 

Fertilizer/ 11 /7/95 7/10/96 7/10/96 11 /7/95 6/26/96 
Manure 20 ton/A 0-0-60 0-0-60 15 ton/A 109 lb/a 46-0-0 

rep 1 ,4 60 lb/a rep 3 60 lb/a grazing 
Rep 1,4 120 lb/a 

Pesticides 6/5/96 None None None None None 
Pursuit 3 oz/a 
+NIS, am. sulf. 

Harvest 7/10/96 6/1 /96 6/1 /96 6/28/96 oatlage 6/1 /96 Rotational 
8/14/96 7/2/96 7/2/96 8/14/96 7/2/96 grazing 

8/2/96 8/2/96 8/2/96 
10/28/96 10/28/96 10/28/96 

Yield 1.57 tDM/a 4.16 tDM/a 3.77 tDM/a 2.68 tSDM/a 4.42 tDM/a 574 lb gain/a 

Fall None None 10/6/96 None 11 /6/96 None 
Practices Roundup 15 T /a manure 

1 qt/a + NIS 
11/6/96 
20 T la manure 
No chisel Plow 
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Appendix 11. LAKELAND AGRICULTURAL COMPLEX WICST INPUT/OUTPUT DATA - 1996 

Corn rotations 

Crop-96 Cont. Corn Corn Corn Corn Corn 
Crop System CS1 CS2 CS3 CS4 CS5 
Treatment 1 2 6 10 12 

Plot #'s 101,210, 108,203, 111, 208, 112, 214, 105,207, 
303,401 304,409 306,407 301,403 309,412 

Primary None No-till Chisel Plow Chisel Plow Chisel Plow 
Tillage Sweeps Sweeps Sweeps 

4/11 /96 4/11 /96 4/11 /96 

Secondary Mulchmaster None Mulchmaster Mulchmaster Mulchmaster 
Tillage 6/15/96 6/1 /96 6/1 /96 6/1 /96 

6/25/96 6/15/96 6/15/96 6/15/96 
6/25/96 6/25/96 6/25/96 

Planting 
Date 6/26/96 6/26/96 6/26/96 6/26/96 6/26/96 
Variety P 3979 P 3979 P 3979 P 3979 P 3979 
Rate 31,500 31,500 34,000 31,500 34,000 

Fertilizer 
Starter 1001b 1001b None 1001b None 

6-23-30 6-23-30 6-23-30 
Nitrogen 110 Lb N/a 120 lb N/a None None None 

as 28-0-0 as 28-0-0 

Manure None None None 20 Ton/a 15 Ton/a 
3/1-4/11 /96 3/1-4/11 /96 
20 Ton/a 15 Ton/a 
11 /15/96 11 /15/96 

Pesticides pre 6/27/96 pre 6/14/96 None None None 
Lasso 2.5 qt/a Roundup 1 qt/a 
Extraz. II 2.5 lb/a 2-4,D 1 pt/a 
Counter 10 lb/a Preference .6 pt/a 

postemerge 
7 /26/96 Buctril 1 pt/a 

Rotary Hoe None None 7/2, 7/7/96 None 7/2, 7/7/96 

Cultivation 
S-tine 7/26/96 None 7/26/96 7/26/96 7/26/96 

Harvest 11 /13/96 11 /13/96 11 /13/96 11 /13/96 11 /13/96 

Yield 41.7 bu/a 40.1 bu/a 44.8 bu/a 64.3 bu/a 57.4 bu/a 

Fall Chisel Plow None Chisel Plow Chisel Plow Chisel Plow 
Practices 11 /20/96 11 /20/96 11/20/96 11/20/96 
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Appendix 11. LAKELAND AGRICULTURAL COMPLEX WICST INPUT/OUTPUT DATA - 1996 

Soybean and Wheat Rotations 

Crop-96 NR Soybean WR Soybean/Wheat Wheat/Red Clover 

Crop System CS2 CS3 CS3 
Treatment 3 5 4 

Plot #'s 113, 206, 107, 205, 109, 204, 
311,410 307,406 308,404 

Primary No-till None None 
Tillage 

Secondary None Mulchmaster Mulchmaster 
Tillage 6/1 /96 4/3/96 

6/26/96 2X 

Planting 6/27/96 6/28/96 SB 1 0/13/95 WheatDate 
9/25/96 wheat 3/9/96 frost seed RC 

4/8/96 Oats/RC 

' Rate/Variety 235,000 s/a 175,000 s/a 150 lb/a Glacier 
Pioneer 9071 Pioneer 9071 1 8 lb/ A Ari Red Clov 

wheat Merrimac 3 bu/a Dane Oats 
150 lb wheat 5 lb/a Marathon R Clov 

Fertilizer None None None 

Pesticides pre 5/31/96 None None 
Roundup 1 qt/a 
2-4,D 1 pt/a 
6/26/96 
Pursuit Plus 2.5 pt/a 

Rotary Hoe None 7/2, 7/7/96 None 

Cultivation 
S-tine None 7 /26/96, 8/5/96 None 

Harvest 11 /12/96 11 /12/96 8/11 /96 

Yield 39.5 bu/a 27.3 bu/a 76.9 bu/a 
0. 70 t/a straw 

Fall None Chisel Plow Chisel Plow(sweeps) 
Practices 11 /20/96 11 /20/96 
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Appendix II. LAKELAND AGRICULTURAL COMPLEX WICST INPUT/OUTPUT DATA - 1996 

forage rotations 

Crop-96 D. Seeded Estab. Estab. Oats/ Estab. Pasture 
Alfalfa Alfalfa I Alfalfa II Alfalfa Alfalfa I 

Crop System CS4 CS4 CS4 CS5 CS5 CS6 
Treatment 9 8 7 11 13 

14 

Plot #'s 110,212, 102, 209, 103, 202, 106,211, 114, 201, 104,213, 
302,414 305,402 310,411 312, 413 313,405 314,408 

Secondary chisel plow - - Mulchmaster - Mulchmaster 
Tillage 4/16/96 4/16/96 8/5, 8/20, 8/21 /96 

Mulchmaster Reps 1,4 
4/16/96 
Mulchmaster1 

8/20(reps 1,2,3) 

Planting 4/18/96 4/24/95 4/18/94 4/18/96 4/24/95 3/24/95 
Date 8/22/96 
Replant 8/22/96 (reps 1,2,3) 

Variety Legendiary-alf ICI 631 Magnum Ill Prairie-oats ICI 631 Arlington-RC 
Rushmore -alt Legendairy-alt. Timothy 

Medium Red Clover Perennial ryegrass 
Perennial ryegrass Arlington -RC 

Planting 15 lb/A 10 lb/A alfalfa 18 lb/a 
Rate 15/lb/a 80 lb/A oats 4 lb/a timothy 

3 lb/A clover 3 lb/a per. ryegr 
3 lb/A ryegrass 6 lb/a clover 

Fertilizer 
Manure 20 ton/A 0-0-60 15 ton/A grazing 

3/1-4/11 /96 rep 1,4 166 lb/a 3/1-4/11 /96 
Rep 3 83 lb/a 

Pesticides Roundup 1 (3qt/a) 8/6/96 None None None None 
(Reps 1, 2, 3) 1 pt/a 
Poast plus(3pt/a) Lorsban 4E 
(rep4) 

Harvest 9/16(rep 4) 6/14/96 6/14/96 8/12/96 oats 6/14/96 5/13-9/12/96 
7/245/96 7/24/96 10/20 alfalfa 7/24/96 
9/5/96 9/5/96 9/5/96 

Yield 0.15 tDM/a 3.74 tDM/a 4.26 tDM/a 54.3 bu/a oats 
0.40 tDM/a straw 
0.90 tDM/a alt 

Fall 11/19/96 
Practices Roundup 15 T /a manure 

1 qt/a 11 /20/96 
11 /16/96 Chisel Plow (sweeps) 
20 T /a manure 
No Chisel Plow 

1CS4 D.S. alfalfa reps 1,2 and 3 were lost to waterlogged soils, replanted 8/22/96 



APPENDIX Ill. WICST Phosphorus and Potassium Soil Test Results (0-6") 1989-1996 Arlington Agricultural Research Station.1 

CrQQ Phosphorus 
Year 89 90 91 92 93 94 95 96 89 90 91 92 93 94 95 96 

System - - - - - - - - - - - - - ppm - - - - - - - - - - - -
CS1 f C C C C C C C 105 - - 93 84 91 88 91 

CS2 f Sb C Sb C Sb C Sb 98 - - 79 65 68 67 66 
CS2 f f Sb C Sb C Sb C - 88 - 89 78 89 72 83 

CS3 f Sb W C Sb W C Sb 105 - - 69 64 68 65 66 
CS3 f f Sb W C Sb W C - 69 - - 57 63 52 57 
CS3 f f f Sb W C Sb W - - 57 - 53 57 49 49 

CS4 f A A A C A A A 115 - - 94 85 99 84 90 
CS4 f f A A A C A A - 93 - 105 81 92 93 94 
CS4 f f f A A A C A - - 66 - 62 65 74 91 
CS4 f f f f A A A C - - - 77 71 72 67 77 

CS5 f Ola A C Ola A C Ola 110 - - 103 88 93 91 96 
CS5 f f Ola A C Ola A C - 70 - 72 67 72 64 72 
CS5 f f f Ola A C Ola A - - 84 - 73 83 78 76 

CS6 f p p p p p p p 114 - - - 82 84 75 74 

1 Samples collected after crop harvest. 
* original overall fertility average (top 6 inches of soil profile): P-89 ppm, K-238 ppm. 
f = filler corn (grown before initiation of each rotation) 

Potassium 
89 90 91 92 93 94 95 96 

- - - - - - - - - - - - - ppm - - - - - - - - - - - -
257 - - 21B 295 228 241 257 

199 - - 239 229 183 182 214 
- 283 - 198 264 214 208 230 

236 - - 189 251 182 175 209 
- 200 - - 226 171 164 191 
- - 195 - 201 142 149 155 

277 - - 175 216 171 151 180 
- 256 - 203 170 154 184 189 
- - 214 - 170 128 160 228 
- - - 189 224 155 153 196 

250 - - 198 236 172 185 201 
- 211 - 181 210 144 127 143 
- - 293 - 211 173 180 17 4 

266 - - - 186 157 176 208 

.... 
I\) 
0, 



APPENDIX IV. WICST Phosphorus and Potassium Soil Test Results (0-6") 1989-1996 Lakeland Agricultural Complex.1 

Cr® Phosphorus 
Year 89 90 91 92 93 94 95 96 89 90 91 92 93 94 95 96 

System - - - - - - - - - - - - - ppm - - - - - - - - - - - -
CS1 f C C C C C C C 66 - - 58 52 95 49 61 

CS2 f Sb C Sb C Sb C Sb 59 - - 52 47 64 · 39 41 
CS2 f f Sb C Sb C Sb C - 65 - 53 43 71 47 51 

CS3 f Sb W C Sb W C Sb 64 - - 46 39 56 39 43 
CS3 f f Sb W C Sb W C - 54 - - 36 49 30 36 
CS3 f f f Sb W C Sb W - - 49 - 39 46 37 37 

CS4 f A A A C A A A 76 - - 57 51 50 62 67 
CS4 f f A A A C A A - 59 - 52 52 43 77 74 
CS4 f f f A A A C A - -· 37 - 36 69 54 70 
CS4 f f f f A A A C - - - 59 62 52 62 89 

CS5 f Ola A C Ola A C 0/a 53 - - 41 52 47 55 68 
CS5 f f Ola A C Ola A C - 68 - 55 48 45 53 72 
CS5 f f f Ola A C Ola A - - 54 - 46 50 64 59 

CS6 f p p p p p p p 63 - - - 41 46 42 61 

1 Samples collected after crop harvest. 
* original overall fertility average (top 6 inches of soil profile): P-59 ppm, K-182 ppm. 
f = filler corn (grown before initiation of each rotation) 

Potassium 
89 90 91 92 93 94 95 96 

- - - - - - - - - - - - - ppm - - - - - - - - - - - -
196 - - 205 185 219 177 191 

178 - - 186 158 177 137 132 
- 193 - 204 196 188 183 177 

195 - - 173 181 161 154 155 
- 153 - - 173 147 136 149 
- - 183 - 1 79 1 52 1 56 1 52 

148 - - 1 21 145 150 1 59 163 
- 179 - 171 165 150 256 206 
- - 149 - 181 180 192 271 
- - - 181 203 150 152 220 

163 - - 161 205 142 164 200 
- 213 - 159 181 130 1 51 188 
- - 171 - 200 139 195 176 

181 - - - 166 132 177 240 

~ 

I\.) 
C1) 
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Appendix V. WICST Phosphorus and Potassium Soil Test Results (0-24") 1989 and 1996 
Arlin.9ton Research Station. 1 

EhQSQhQQ[!JS EQ!asium 
~ 6 - 12" 12 - 24" ~ 6 - 12" 12 - 24" 

year 89 96 89 96 89 96 89 96 89 96 89 96 

----------ppm---------- ----------ppm----------
CS1 cont. Corn 66 61 65 43 59 29 196 191 143 100 125 74 

CS2 C-Sb 59 41 43 30 24 28 178 132 121 91 134 83 

CS3 C-Sb-W /Re 64 43 59 34 20 20 195 155 133 95 126 80 

CS4 C-A-A-A 76 67 46 47 35 31 148 163 123 81 126 80 

CS5 C-0/A-A 53 68 20 44 8 28 163 200 113 86 120 80 

CS6 Rot.grazing 63 61 56 52 74 43 181 240 143 101 154 86 

1 Samples collected following 1989 (spring1990) and 1996 (fall 19961 crop harvests. 

Appendix VI. WICST Phosphorus and Potassium Soil Test Results (0-24") 1989 and 1996 
Lakeland Agricultural Complex. 1 

EbQSQbQQ[!JS PQ!asium 
~ 6 -J2" 12 - 24" ~ 6 - 12" 12 - 24" 

year 89 96 89 96 89 96 89 96 89 96 89 96 

-----------ppm---------- ---------ppm----------
CS1 cont. Corn 105 91 39 31 13 15 257 257 134 105 126 114 

CS2 C-Sb 98 66 24 14 9 7 199 214 118 86 126 103 

CS3 C-Sb-W /Re 105 66 30 23 10 18 277 180 131 101 131 104 

CS4 C-A-A-A 115 90 39 21 10 7 277 180 216 88 148 95 

CS5 C-0/A~A 110 96 20 22 8 8 250 201 113 101 120 106 

CS6 Rot.grazing 114 74 31 27 7 12 266 208 118 121 120 120 

1 Samples collected following 1989 (spring1990) and 1996 (fall 1996) crop harvests. 
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APPENDIX VII. Nitrate + Nitrite-N Concentration in the Groundwater at the Lakeland Agricultural 
Com.e_lex: 1991-1996. 

Field Treatment 
J.Q1L # ~atec s.Qlles.tiQO dates 

12110191 1219192 11123193 11123194 4123196 
------------------------------------------------ ppm ------------------------------------------------

101 1 41.5 39.7 29.2 21.3 39.0 
210 1 48.5 44.2 42.0 27.1 21.2 
303 1 21.3 36.4 28.5 18.0 23.5 
Mean 37.1 40.3 33.2 22.1 27.9 
.c.tQJl cont. Corn C C C C C 

108 2 60.5 47.8 45.6 49.8 15.5 
203 2 14.0 20.0 18.7 19.1 13.2 
304 2 20.1 20.1 16.4 14.8 14.0 
Mean 31.5 29.3 26.9 27.9 14.2 
.c.tQJl C-Sb Sb Sb C Sb C Sb 

111 6 43.8 18.4 14.5 8.3 
208 6 28.6 38.4 21.3 16.3 15.3 
306 6 42.3 23.8 23.1 19.1 10.6 
Mean 38.2 26.9 19.6 17.7 11.4 
.c.tQJl Sb-W lrc-C Sb Wire C Sb Wire 

102 8 15.1 4.8 2.9 10.3 6.9 
209 8 6.8 14.4 20.1 25.3 10.9 
305 8 10.3 5.7 9.0 14.3 9.1 
Mean 10.7 8.3 10.7 16.6 9.0 
.c.tQJl C-A-A-A A A A C A 

105 12 15.4 10.8 10.4 14.8 6.9 
207 12 49.7 38.7 26.1 28.1 12.3 
309 12 7.3 ~. 8.3 13.3 14.7 9.1 
Mean 24.1 19.3 16.6 19.2 9.4 
.c.tQJl OIA-A-C OIA A C OIA A 

104 14 21.3 21.4 18.4 21.1 10.7 
213 14 2.2 2.8 3.3 2.2 2.9 
314 14 63.2 30.0 16.1 13.7 
Mean 28.9 18.1 12.6 11.7 9.1 
.c.tQJl Rot. grazing * RG RG RG RG 

1 S1 31.1 2.1 2.32 2.8 0.9 
1d2 6.9 10.6 ND 4.2 6.8 

* Red Clover/Grass removed as hay 1991, grazed 1992 - 1995 

1 Check well #1 - 13 feet deep 
2 Check well #2 - 28 feet deep 
ND = no detection 
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APPENDIX VIII. Energy Use and Output/Input Ratios for the Six WICST Cropping Systems 1990-
1996Y 

Cropping Crops or Mf!ao l 99Q - 1996 
S~::itf!m ~ QQ!DQlf!lf!d [QtatiQO::i Eof!rg~ ini;2utl~r Quti:2utlioi:2ut avg, 

ABS .LM: ABS .LM: 

-- # -- ----- Meal/A ----- ----- ratio -----

1 Corn 7 2572 1838 5.5 6.5 

2 Soybean 7 541 496 12.5 14.4 
Corn 6 2533 1851 6.0 7.3 

System averageZ' 6 1550 1174 7.1 8.8 

3 Soybean/Wheat 7 503 522 12.6 10.9 
Wheat/Red Clover 6 899 895 10.0 9.2 

Corn 5 1807 1028 6.5 9.4 
System average 5 1103 833 8.2 9.6 

4 Direct Seeded Alfalfa 7 1513 1346 8.7 2.4 
Alafalfa I 6 769 670 21.5 22.3 
Alfalfa II 5 941 756 13.8 17.6 

Corn2
' 4 738 834 21.9 15.5 

System average 4 953 889 14.5 12.8 

5 Oats/Alflafa 7 1037 956 11.0 8.2 
Alfalfa I 6 644 613 24.3 20.6 
Corn2' 5 679 693 20.8 16.0 

System average 5 787 761 18.3 14.0 

6 Rotational Grazing~' 7 582 291 20.3 33.7 

1' See Appendix II in the 1992 Annual Report (pp 118-121) for information on calculation of the energy values. 
1' Averages calculated using data from years when all the crops of a particular system were grown. 
21 Energy for corn drying not included since most dairy farmers feed animals high moisture corn. 
~, Forage harvested mechanically until animals began grazing in 1992 at LAC and 1993 at ARS; with grazing 
animals, energy output calculated using forage production, either harvested mechanically or an estimation of 
forage consumed by grazing animals . 



APPENDIX IX. WICST Corn and Soybean Populations - 1991-1996. 

A. Arlington Agricultural Research Station 
Y.efil 1illll .19..92. 1.9.93 1filM 1fillli 1illlli 

-------------------------------------------- p I ants/ acre ---------------------------------------------
Corn CS1 11 

Corn CS2 
Corn CS3 
Corn CS4 
Corn CS5 

27,150 27,750 30,850 26,950 29,250 30,100 
26,555 28,650 30,800 27,300 30,200 30,000 

Soybean cs22.1 132,741 
Soybean CS31' 98,746 

24,700 20,800 28,050 28,100 26,950 

118,547 
70,350 

32,300 26,000 27,850 30,300 
27,500 28,000 28,300 26,950 

179,823 
135,250 

187,488 
151,091 

153,406 
199,542 

170,625 
1051583 
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1' Corn - all planted at 32,100 seeds/a in 1991 and 1992, and 32,500 seeds/a in 1993; CS1 ,CS2 and CS4 at 
31,500 and CS3 and CS5 at 34,000 seeds/a in 1994, 1995, and 1996. 
1..1 Narrow row soybean - planted at 235,000 seeds/a. 
~/ Wide row soybean - planted at 156,000 seeds/a in 1991 - 1993 and 175,000 seeds/a in 1994 - 1996. 

B. Lakeland Agricultural Complex 
Y.efil 1illll .19..92. 1.9.93 1filM 1fillli .19..9.fi 

-------------------------------------------- p I ants/ a ere ---------------------------------------------
Corn CS1 1' 

Corn CS2 
Corn CS3 
Corn CS4 
Corn CS5 

30,700 29,050 30,150 28,200 28,200 27,600 
29,500 24,550 29,900 27,900 28,900 26,350 

Soybean CS2!i 116,553 
Soybean CS32' 117,633 

24,250 21,100 30,350 28,200 26,850 

97,000 
122,952 

31,250 30,050 29,250 26,400 
21,400 30,850 28,850 25,850 

139,228 
86,950 

143,278 
113,050 

176,879 
118,500 

236,209 
80,458 

~.1 Corn - all planted at 32,000 seeds/a in 1991 - 1993; CS1, CS2 and CS4 at 32,000 and CS3 and CS5 at 
35,000 seeds/a in 1994; CS1, CS2 and CS4 at 31,200 and CS3 an~ CS5 at 35,000 seeds/a in 1995; CS2 and 
CS4 at 31,500 and CS3 and CS5 at 34,000 seeds/a in 1996. 
!l.l Narrow row soybean - planted at 220,000, 196,000, 222,000, 230,000, 225,000, and 235,000 seeds/a in 
1991, 1992, 1993, 1994, 1995 and 1996, respectively. 
§.I Wide row soybean - planted at 140,000, 155,000, 156,000, 175,000, 151,000, and 175,000 seeds/a in 
1991, 1992, 1993, 1994, 1995 and 1996, respectively. 
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APPENDIX X. WICST Fall Legume Nitrogen for following Corn Crop - 1991-1996. 

A. Arlington Agricultural Research Station 

Y.e..ar CCQQQiog S~s. .emu FQljag~ BQQ1S Total 
QM .1'i. OM .1'i. _IL 
lb/a % lb/a % lb/a 

1991 3 Red Clover 1852 3.24 2604 2.63 128 

1992 3 Red Clover 2102 2.89 1816 2.72 110 
1992 4 Alfalfa 2697 2.03 1767 2.27 95 
1992 5 Alfalfa 2090 3.42 3352 2.29 148 

1993 3 Red Clover 2811 2.81 1314 3.18 119 
1993 4 Alfalfa1' 1867 2.91 1233 3.36 94 
1993 5 Alfalfa1' 1614 4.05 1443 2.18 97 

19941' 3 Hairy Vetch 4325 3.29 134 3.24 146 
1994 4 Alfalfa1' 2242 1.75 1233 1.67 60 
1994 5 Alfalfa 500 3.41 2327 2.04 64 

1995 3 Red Clover 2640 2.89 947 3.09 100 
1995 4 Alfalfai' 163 3.18 1235 2.51 36 
1995 5 Alfalfai' 308 3.59 2345 2.32 66 

19962' 3 Red Clover 3213 3.01 1836 2.75 147 

B. Lakeland Agricultural Complex 

Y.e..ar BQtatiQD .emu FQfiag~ BQQ1S Total 
QM .1'i. OM .1'i. _IL 
lb/a % lb/a % lb/a 

1991 3 Red Clover 669 3.12 916 2,53.i.1 45 

1992 3 Red Clover 3316 2.52 2984 2.58 161 
1992 4 Alfalfa 977 4.25 2731 1.87 93 
1992 5 Alfalfa 1018 4.24 2627 1.91 93 

1993 3 Red Clover 2687 3.24 1224 2.90 123 
1993 4 Alfalfa11 2043 3.46 1251 2.74 104 
1993 5 Alfalfa1' 2127 3.18 1222 2.72 101 

1994 3 Red Clover 1240 3.03 1182 2.52 67 
1994 4 Alfalfa11 895 2.32 2251 2.08 68 
1994 5 Alfalfa 713 3.13 1495 2.24 56 

1995 3 Red Clover 2646 2.77 939 3.21 97 
1995 4 Alfalfai' 423 3.64 1884 2.49 62 
1995 5 Alfalfai' 896 3.36 1528 2.71 71 

199621 3 Red Clover 1501 2.91 858 2.75 67 

1' Spring seeded with red clover in 1993 because of severe winterkill to alfalfa. 
l..l 1994 - CS3 - Hairy vetch planted after wheat harvest because of thin stand of red clover, CS4 - 8/30 
harvest, 10/10 Roundup application, CS5 - 9/30 harvest. 
ll' Root N was not analyzed, used same % root N as at Arlington. 
~ CS4 - 9/5 harvest, 10/12 Roundup, CS5 - 9/14 harvest at ARS, 8/26 harvest and 10/10 Roundup for both 
CS4 and CS5 at LAC. 
,21 Frozen soil did not allow root harverst in 1996. Previous data was used to estimate root biomass as 75 % of 
herbage and root nitrogen as 2.75%. 
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San Antonio, Tx. Abstracts p 279. 
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Proceedings 
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Vol. 29:244-252. 

1991 

Abstracts 
IRAGAVARAPU, T. K., J. L. POSNER and G.D. BUBENZER. 1991. Using bromide to study water movement 
through a prairie derived silt-loam soil in Wisconsin. American Society of Agronomy Meetings, Oct 27- Nov-1, 
Denver, Co. Agronomy Abstracts p 333. 

MULDER, T. and J. DOLL. 1991. Best management practices for corn weed control. American Society of 
Agronomy Meetings, Oct 27- Nov-1, Denver, Co. Agronomy Abstracts p 155. 

Proceedings 
DOLL, J. and T. MULDER. 1991. Reduced herbicide rates- The Wisconsin experience. Proc. Crop Protection and 
Production Conference. Iowa State University Dec. 3-4. pages 35-38. 

MULDER, T. and J. DOLL. 1991 Best management practices for corn weed control. NCWSS Proceedings. 
46:13 

STEVENSON, G. W. and J. L. POSNER. 1991. Multidisciplinary, radially-organized teams: A model and 
strategy for addressing challenges to agricultural research in the 1990's. paper presented at the Conference on 
Innovative Policies for Agricultural Research. Nov. 21-22 Boston. MA. 

Extension Bulletins 
STUTE, J. K. and J. L. POSNER. 1991. Cover crops as an internal source of nitrogen in cash grain production. 
Sustainable Agriculture Project Papers. Wisconsin Department of Agriculture, Trade, and Consumer Protection. 
ARM-PUB 53-42. 

PORTER, P.A. 1991. Soil biological health: What do farmers think? NPM Field Notes 2:3. Center for Integrated 
Agricultural Systems, Univ. Of Wisconsin, Madison, WI. 

Thesis 
STUTE, J. K. 1991. Integrating legume cover crops into cash grain production systems. M.Sc. Thesis. 
Agronomy Dept. University of Wisconsin-Madison. 
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characterization of soil quality/health. American Society of Agronomy meetings. Minneapolis, MN. Nov. 1-6. 
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STUTE, J. K. and J. L. POSNER. 1992. Legume cover crops as a N source for corn in an oat-corn rotation. 
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HARRIS, R. F. 1992. Developing a soil health report card. Proceedings of the 1992 Fertilizer, Aglime and Pest 
Management Conference. Jan 21-23, 1992. Vol 31 :245-248 

POSNER, J. L., L. Cunningham, J. Doll, J. Hall, D. Mueller, T. Mulder, R. Saxby and A. Wood. 1992. The 
Wisconsin integrated cropping systems trial: Bridging the gap between station research, the producer, and the 
consumer. Farming Systems Research and Extension Conference. MSU, East Lansing. Sept 13-18. 
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DOLL, J., R. DOERSCH, R. PROOST and P. KIVLIN. 1992. Reduced herbicide rates: Aspects to consider. Univ. 
of Wisconsin-Extension A3563. 8pp 

KLEMME, R. M., W. E. SAUPE and J. L. POSNER. 1992. Corn-soybean compared with continuous corn in the 
Wisconsin Integrated Cropping Systems Trials. In Managing the Farm. Vol. 25:5:1-7. Dept. of Agricultural 
Economics, Univ. of Wisconsin-Madison 

Thesis 
MULDER, T. 1992. Corn weed management systems: Attempting to reduce herbicide use and increase 
effectiveness of mechanical weed control. M.Sc. Thesis. Agronomy Dept. Univ. of Wisconsin-1\,'.ladison. 
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CUNNINGHAM, L. 1992. Soils, crops, agriculture and me: an agricultural awareness unit for fifth graders. 
Unpublished documents available from the University of Wisconsin-Extension, Elkorn, WI. 

1993 

Abstracts 
BALDOCK, J.O. and J.L. POSNER. 1993. Cropping systems for improved manure management. American 
Society of Agronomy meetings. Cincinnati, OH. Nov. 7-12. Agronomy Abstracts p 144. 

IRAGAVARAPU, T. K., J. L. POSNER and G.D. BUBENZER. 1993. Study of water and solute movement 
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36. 
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Proceedings 
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Publications 
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Thesis 
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Abstracts. p288. 
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MALLORY, E.B., T.A.MULDER, J.L. POSNER and J.O. BALDOCK. 1994. Performance, economics and 
adoption of cover crops in Wisconsin cash grain rotations: on-farm trials. American Society of Agronomy 
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