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PROLOGUE 

This is the ninth 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 eleven production years (1990- 2000). In this report, we 
discuss the results of the 2001 & 2002 growing seasons. This is the tenth time all the phases of 
the six rotations have run concurrently, permitting us to again compare all the systems. By the 
end of the growing season in 2002, all the treatments of the Cropping Systems had completed at 
least three full cycles of their respective rotations. Also included in this report are research 
results of satellite trials conducted both on-farm and adjacent to the WI CST core trials. 

Funding for the project continues to come primarily from the USDA-ARS pilot project 
on Integrated Farming Systems. Other grants important to the success of the project come from 
the Wisconsin Fertilizer Research Council, USDA-National Research Initiative, USDA
Sustainable Agriculture Research and Education Fund, as well as Hatch funds managed by the 
College of Agricultural and Life Sciences. 
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INTRODUCTION 

In the fall of 1988, a group consisting of faculty from the College of Agricultural 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 "Leaming 
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 situat~d on the Walworth County Farm about 45 
minutes west of Milwaukee, and the Arlingfon Research Station (ARS) is a University of 
Wisconsin agricultural research farm about 30 minutes north of Madison (see Figure la). 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. The year 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 observed 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 1 b. Some of the anticipated differences between the 
rotations are outlined in Table i. 
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Figure la. Outline of major Land Resource Area 95B and the two sites of the 
Wisconsin Integrated Cropping Systems Trial. 

Caslt-Grain Cropping Systems: 
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Figure lb. Schematic diagram of the cropping systems of the WICST experiment. 
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Table i .• Productivity, Economic, and Environmental Comparisons Between Rotations. Wisconsin Integrated Cropping Systems Trial 
1990. 

Rotation Predicted Mean above Mean energy Energy Variable Chemical in~uts Erosions 
Yield/acre ground . input2 output/input3 costs4 N Fertilizer Herbicide Insecticide 

productivity1 on corn 
Lb/a/yr Meal/a/yr ratio $/a/yr lb/a AI/a AI/a t/a/y_r 

R1 
Continuous 150 bu 15,780 2369 6.0 140 150 Atrazine 2 lb Counter 1.4 lb 4.1 

Corn Alachlor 2 lb 

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

Soybean 160 bu Alachlor 2.5 lb 
Corn Sencor 0.5 lb 

~ Treflan 1.5 lb 
"""" 0 

R3 C/l 
>-l 

Row soybean 40bu 10,010 763 12.6 50 0 0 0 2.9 "° Wheat 60 bu/2t straw 5-

Corn 120 bu >-l 
X (D 

< () 

Rt s ..... 
Seeding alfalfa 3tdm 10,710 1188 13.7 110 10 Eptam 2.9 lb Lorsban 1.0 lb 1.9 () 

Pl 
Hay I 5tdm Bladex 2.0 lb 

_. 

Hay II 5tdm Alachlor 2.5 lb .g 
Corn 160 bu 0 

~ 

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

Hay I 4tdm 
Corn 120 bu 

~ 
Rotational 4tdm 8,000 129 104.3 16 na 0 0 0.5 
Grazing 

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. 
5 Erosion estimates were made using the USLE for a 4% slope, 200 feet long with a silt loam soil and contour planting. 
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lA. ARLINGTON AGRICULTURAL RESEARCH STATION -2001 
AGRONOMIC REPORT 

Janet Hedtcke1 and Dwight Mueller2 

Weather . 
The 2001 growing season was above the long-term average in rainfall but the rain was unevenly 
distributed (see Figs. A-D). June rainfall was high with almost 7" but most of it came in one or 
two events. Little rain fell, in the second half of June and all of July. August and September 
had above normal rain with over 5 inches each month but October was unusually dry with less 
than 1. 7" all month. Monthly rainfall averages for the growing season are found in Table 1 a and 
Fig 2a, p. 15 and 16. 

Fig. A. April 2001 rainfall distribution 
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Fig. B. May 2001 rainfall distribution 
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Fig. C. June 2001 rainfall distribution 
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Fig. D. July 2001 rainfall distribution 
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Corn Phase 
Com in all 5 systems was planted on May 1 with a 105-day com, 'Cargill 4111 '. Although this 
went against the system philosophy for organically grown com, it was decided to use one hybrid 
across the different systems to reduce confoundment due to variety. Deep nitrate soil tests were 
taken for the CS1 (also in prairie com) and CS2 plots in mid-April. As a result of the tests, a 
pre-plant application of 100 lbs N/a was applied on CS 1 plots. PPNT recommendation for CS2 
was 90 lb/a but 120 lbs N/a was applied. Legume and manure credits were taken in the other 
systems. The only other fertilizer used was a starter fertilizer (5-10-30) on CS1, CS2, and CS4. 

Com yields averaged 193 bu/a across aff treatments, above average from the past years (Table 
2a, p18. Com yields in 2001 ranged 12 to 27% higher than the trial average. However, the 
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organic corn plots in CS3 had the lowest yields of all systems, likely due to exploding weed 
pressure from planting too soon before the soil had warmed, and not getting a stale seedbed 
prepared. The low input system got one rotary hoeing and two cultivations. 

Chernlite corn yields were excellent at 191 bu/a compared to 155 bu/a in CS3. It got the same 
mechanical cultivation as CS3 but also· received a half rate herbicide application of Northstar and 
Accent. Plots were very clean from weeds. 

Soybean Phases 
'Dairyland 241' was planted at 250,000 seeds/A in 7" rows for the CS2, no-till rotation on May 
10th. The CS2 soybeans were no tilled into high residue cover (approximately 75% cover) with a 
John Deere no-till drill. For CS2, a pre-plant treatment of 1 pt/A of Round-up helped control 
early weeds. A second application of Round-up Ultra on the Round-up Ready beans on 6/26 
took care of the post-planting weeds. Weed control for the rest of the growing season was 
excellent in the CS2 rotation. Yields in this system were right on with the trial average at 51.6 
bu/a. 

'Pioneer 91B53' was planted at 190,000 seeds/A in 30" rows for the CS3 rotation on May 101
h. 

Mechanical weed control in the CS3 soybean plots (one rotary hoeing and 2 cultivations) could 
never keep up with the weed pressure this year. As was stated last year, the weed seed bank 
continues to build in the CS3 plots. The excellent growing conditions for spring germination 
meant that not only did the soybeans grow quickly, but so did the weeds! The in-row weeds 
continued to flourish all season, creating difficult harvest conditions and obviously lower yields. 
The weed seed bank in CS3 plots has reached such a high level that growing soybeans in this 
manner on these specific plots is almost impossible. Yields in the 3-phase organic system 
yielded less than 70% of the beans in the no-till system and just 74% of the system's trial 
average. Yields in 2001 were 35.4 bu/a. 

Chemlite beans also suffered from heavy weed pressure this year. These plots got the same 
mechanical weed control as CS3 but did not receive any herbicide, which in hind site, probably 
should have been done. 

Wheat/Red Clover Phase 
Wheat (var, 'Kaskaskia') had been planted on October 11th' 2000 following soybean harvest 
tillage at a seeding rate of 180 lbs/a. The beans were not ready to be harvested any sooner than 
this. Red Clover was seeded on April 13 at 12 lbs/a, with a John Deere no-till drill. The stand of 
red clover was excellent with over 3 .3 tons DM at the end of the growing season. The wheat 
yield averaged 55 bu/a and straw yields were modest at 0.71 tons DM/a (Table 2a, p.18). 

ChemLite wheat did not receive the recommended N application and it yielded about the same as 
CS3. 

Forage Phases 
Yields were typical of most years (Table 2a, p.18). The new seedlings in CS4 and CS5 systems 
were planted with 'Magnum V' on April 17th. CS5 was a mix of peas, oats and alfalfa. CS5 
oats were taken off as silage on June 301

\ which was just as the peas were flowering and the oats 
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were in boot stage. Both CS4 and CS5 alfalfa stands established well and were harvested three 
times during the season. All the established plots were harvested 4 times during the season. The 
last cutting in both systems was made on October 16th. Low yields on the later cuttings resulted 
from the dry weather condition of late summer and fall. Relative feed value was similar to past 
years and was highest on CS4 and lowest on oats/peas/alfalfa phase of CS5 (Appendix XIV a). 

Four 500 # heifers started grazing on May 2nd and finished on October 2nd. Red Clover was 
seeded this spring on April 13th at 12 lb/a. Hay was harvested from plot 207 in May and from 
405 in June. Plots were clipped after grazing through about mid-July. Average gain was 1.63 
lb/hd/day. 

See Appendix Ia for further details on inputs and outputs of each phase of each system. 
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lB. ARLINGTON AGRICULTURAL RESEARCH STATION - 2002 
AGRONOMIC REPORT 

Janet Hedtcke3 and Dwight Mueller4 

Weather 
The 2002 season was very dry following a relatively dry winter of 2001-2002. Yearly rainfall 
was only 26.7 inches, over 6 inches below normal (Table la, Fig. 2a, p.15, 16). The growing 
season was very similar to 2001 when April and May received average, well-distributed rainfall, . 
but in June most of the rainfall amount was before June 12 and July didn't receive significant 
amounts until the 21st (Fig. A-D). Unlike 2001, August and September remained very dry at just 
half the normal amount. 

Fig. A. April 2002 rainfall distribution 
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Fig. D. July 2002 rainfall distribution 
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This year there were different planting dates for the high and low input systems. The high input 
systems were planted on April 30 and the low input systems were planted on May 14. Although 
the low input was planted two weeks later than the conventional systems, the weather stayed cold 
and it would have been advantageous to wait another week or so until the soil warmed before 
planting. 

Again, overall corn yields were excellent (Table 2a, p. 18). However, CS2 was below normal. 
The ground squirrels have been an increasing problem because they eat a lot of seed leaving 
large gaps in the field. Plot 206 had many missing plants and low yield, attributed to the ground 
squirrels; therefore, this plot has been omitted from the yield average. Nitrogen rates were based 
on PPNT. Per the PPNT, CSl received 130 lb N/a while CS2 received 80 lb N/a. This year, 
urea was applied on CS2 and anhydrous was applied on CS 1. Urea may not have been as 
effective as knifing anhydrous in a no-till system, which is reflected in the yields. 

Chemlite corn yields were also excellent averaging 173.1 bu/a vs. 157.8 in CS3 and 159.0 in 
CS2. Chemlite corn received 80 lb/a of Nitrogen fertilizer and 100 lb/a of starter (5-14-42). 
Buctril and Accent were added at half rate and were very effective. 

Soybean Phases 
Hand weeding (as well as 2 rotary hoes and 1 cultivation) in CS3 beans was very effective as 
yields were equal to those in·CS2. Plot 411 was thoroughly weeded for all grass and broadleaf 
weeds. As a result, yields were 11 bu higher than the other 3 plots. However, because the 
intensive weeding effort was unrealistic on a real farm, this plot has been omitted from the yield 
mean. Soybeans samples from CS3 were taken to Delong Co. and assessed for quality. Since 
the beans had less than 1 % weed seed, there was no dockage and they were paying $7.50/bu for 
feed grade organic beans. 
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Chemlite beans received the same weed control as CS3 but also received Raptor and Poast Plus 
herbicides. Chemlite bean yield was the highest on the trial at 60.8 bu/a vs. 51.0 bu/a in CS3 and 
54.5 bu/a in CS2 (see Table 2a, p. 18). 

Wheat/Red Clover Phase 
Wheat yields were excellent this year at 70.5 bu/a. 'Kaskaskia' was planted on October 3, 2001 
and got well established before winter. ChemLite wheat yield was 78.3 bu/a because it received 
50 lb N/a in April. Straw yield was excellent in both CS3 and ChemLite at 1.43 and 1. 79 ton 
DM/a, respectively. 

Forage Systems 
Seeding year plots were planted in mid-April and both were cut twice during the season. 
Established hay plots in CS4 and CS5 were harvested 4 times this year. For CS4, cutting 
schedule was based on the 'Green Gold' management, first cut was on May 31st and 4th cut was 
on September 9th. The first three cuttings on CS5 were about 1 week behind CS4, and the fourth 
wasn't taken until October 16. First cut of the oats/peas mix was a bit beyond boot stage and 
unfortunately, the forage got rained on before baling; which resulted in poor quality forage 
(Appendix XIV a). Yields were excellent but slightly lower than 2001 (Table 2a, p. 18). 

CS6: Like 2001, 4-500 # heifers were used to graze the plots. Grazing began May 1 and ended 
October 10. Plots 207 and 405 were hayed in spring. Paddocks were routinely clipped after 
grazing until mid-July. Some plots had some bull thistle, which were sprayed with stinger. 
Heifers gained well at 1.82 lb/d. 

Prairie 
Prairie plots were clipped in late June because of the spreading thistle problem. In late July, all 
prairie plots (9 plots in the 500 block) were treated for thistle with stinger. We used about 60 
gallons of solution or about 420 ml of stinger. 

See Appendix lb for further details on inputs and outputs of each phase. 

8 



WICST 9th Technical Report 

lC. LAKELAND AG. COMPLEX- 2001 WICST AGRONOMIC REPORT 
J. Hedtcke 

Growing Season 
2001 was rather uneventful in terms of weather. Field activities began on schedule. Growing 
degree days for April, May, and June were slightly above the 30-yr average (Fig. 3b, p.17). Most 
of the spring rainfall in April and May was evenly distributed across the month causing little 
problems at planting. Uneven rainfall distribution in June and July were hard on crops and 
animals. June received over 5" by June 12. But from mid-June to mid-July, less than 1" of rain 
fell at the site. Above normal rainfall in September brought the yearly total above the long-term 
average. Rainfall distribution is presented in Figs A-D. Monthly rainfall totals are found in 
Table lb and Fig. 2b (p..15, 16). 
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Fig. C. June rain disbn, 2001 Lac 

ITT 

~ 11 l!I 
C: 
::, 

7 
M 

3 
7 
M 

C: 
::, 

~ 

3 
7 
Ii) 

C: 
::, 

;2 
C: 
::, 

7 
Ol 

C: 
::, 

7 .... .... 

C: 
::, 

7 
M .... 

ITT ITT Fl -
C: 
::, 

~ .... 

C: 
::, 

;2 .... 

C: 
::, 

~ .... 

C: C: C: 
::, ::, ::, 

7 7 7 
,- ('I") • LO 
N N N 

Fig. D. July rain disbn, 2001 lac 

3 
;2 

3 
7 
Ol 

3 
7 .... .... 

3 3 3 3 

~ 
--, --, --, 

I I , 
Ii) ,,__ Ol ..... .... .... .... 

3 
7 
N 

fl ' ~ 

3 :5 

~ ~ 
N N 

C: 
::, 

;2 
N 

3 
;2 
N 

C: 
::, 

~ 
N 

3 

~ 
N 

3 
7 .... 
M 

All systems were planted on May 3 to 'Cargill 4111 '. Yields were abysmal in the cash-grain 
systems averaging 81 bu/a across the 3 systems. However, yields were quite good in the forage 
systems, averaging 161 bu/a. Nitrogen rates in CSl and CS2 are adjusted for residual nitrate-N 
and sidedressed accordingly with 28-0-0. Yields in CS 1 continue to decline each year since 
1998. Presumably the poor yields in CS3 can be attributed to the heavy weed pressure in that 
system but low yields in CS2 is surprising. CS2 yields were 30% below the trial average at this 
site. 

Soybean 
Soybeans were planted in mid-May. System 2 and CS5 yielded similarly to their trial average but 
beans in CS3 yielded 40% lower than its trial average (Table 2b, p.19). Of note is the difference 
between CS3 and 15. Although both systems used the same variety, planted the same time, using 
identical planting equipment and techniques, yield in system 15 was 22.3 bu/acre greater. This 
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difference could be attributed to several factors. Soybean was only introduced to that system in 
1999 and these plots have never been planted with soybean, which would result in lower levels of 
disease incidence and weed pressure. 

Wheat 
Winter wheat yielded 45.9 bu/a, very close to the long-term trial average (Table 2b, p.19). Stands 
appeared to survive the winter well. Stands of frost-seeded red clover were good to excellent. 
This coupled with above average rainfall in August and September resulted in a large amount of 
clover biomass. 

Forage 
System differences were very noticeable in the newly seeded stands. The forage mix in CS 15 
with includes oats, peas, alfalfa, red clover and perennial ryegrass yielded much better than the 
pure alfalfa in CS 14 (3 .17 vs. 1.3 7 ton DM/a, respectively). Surprisingly, quality (RFV) was also 
lower in the.direct seeded alfalfa vs. oats/peas mix (Appendix XIVb). Established year hay 
yields were also higher under CS15, though they were not statistically different. Quality of pure 
alfalfa (CS14) was higher than the forage mix (CS15) in the established year. 

MIG 
Grazing was initiated on May 1. 'Arlington' red clover was frost seeded on March 26 at 6 lb/a 
because stands were depleted of it. Four animals were used and plots were subdivided into 5ths 
or quarters, depending on forage availability. Three grazing cycles were completed across the 
plots. Excess forage production was harvested as hay (0.75 ton DM/a from plot 408 on July 7) 
but it wasn't necessary to feed back. The animals were also given 2 pound of concentrate mix per 
head per day. The average beginning weight of the 4 heifers was 491 pounds. Grazing ended on 
October 5 for a total of 158 days on pasture and a daily gain of 1.77 pounds per animal. 

See Appendix Ila for further details on inputs and outputs of each phase of each system. 
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lD. LAKELAND AGRICULTURAL COMPLEX- 2002 AGRONOMIC 
REPORT 

Jim Stute, Teresa Scollon, John Hall, and Peg Reedy 

Growing Season 
As in past years, weather extremes defined the growing season at the Walworth County Farm. 
Total growing season rainfall ended near the long-term average, but a cool wet spring and 
prolonged dry period in June and July greatly influenced crop growth and development. Field 
activities began late in 2002 due to a late season cold spell and poor drying conditions. This 
delayed sowing of the oat/pea/forage mix until late April. Early planted com and soybean 
treatments were planted near their target date while a prolonged wet period in May delayed 
planting of the later treatments by a week. During early June we experienced a 3-inch rainfall 
making all field operations difficult. Despite abundant precipitation from August onward, profile 
recharge was minimal as reflected by abnormally low water levels in the test wells in mid 
November. Rainfall distribution is presented in Figs. A-D. Monthly totals are found in Table 1 b 
and Fig. 2b (p. 15, 16). 
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Fig. C. June 2002 rainfall distribution 
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Com yields averaged 77% of normal and differences between systems were quite apparent in the 
com phase (Table 2b, p.19). With the exception of the change in rank between systems two and 
four, relative rankings compared to long-term trial means were the same, only magnitudes 
changed. Of the early-planted systems, the no-till planted com in CS2 faired the best, yielding 
107% of its long-term trial average, presumably because of moisture conservation inherent with 
the lack of tillage. Although N rates in this and CS 1 are routinely adjusted based on carry-over 
nitrate as detected by the pre-plant nitrate test, the full rate (120 and 160 lb. N/acre respectively) 
was applied because of a lack on N carryover. Presumably the yield decline in CS14 was due to 
both slow mineralization of legume and manure N and quackgrass pressure. Accent was applied 
to suppress it, but moisture stress was most pronounced in this treatment. 

Soybean 
Soybean yield averaged 76% of the long-term trial average (Table 2b, p.19). Of note is the 
difference between CS3 andCS15. Although both systems used the same variety, planted the 
same time, using identical planting equipment and techniques, yield in CS 15 was 10 bu/acre 
greater. This difference could be attributed to several factors. Soybean was only introduced to 
that system in 1999 and these plots have never been planted with soybean, which would result in 
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lower levels of disease incidence. Leaf feeding by beetles was most prevalent in CS2 and CS3, 
while lack of canopy in CS2 allowed a second flush of weed to compete with the crop and 
required a second post emergence application of glyphosate. 

Wheat 
Winter wheat yielded well at 116% of the long-term trial average. Stands appeared to survive the 
winter well, but suffered from cold conditions through April. Stands of frost-seeded red clover 
were good to excellent. This coupled with a timely rain (nearly 5 inches) in August resulted in a 
large amount of clover biomass. 

Forage 
Forage production was 77% of average in 2002 (Table 2b, p.19) and the regular hay cutting 
schedule was delayed by lack of spring growth. System differences were very noticeable in both 
newly seeded and established stands. The forage mix in CS 15 with includes alfalfa, red clover 
and perennial ryegrass yielded much better than the pure alfalfa in CS14. Total forage production 
in CS 15 was also greatly enhanced by large oat/pea mix yields. Potato leafhopper was a problem 
in system 14, and plots were cut as a result to avoid harvest delay from residue restrictions. 
Overall forage quality was poor due to round bales being stored outside on the plots for most the 
season (Appendix XIVb). 

MIG 
Grazing was initiated in early May because of poor grass growth. Red clover was not frost 
seeded because stands were considered to be adequate. Four animals were used, and despite less 
than desired growth, we experienced a situation of excess forage production, so some was 
harvested as hay, then fed back in September and October. The animals were also given 2 pound 
of concentrate mix per head per day but suffered reduced gains because of heat stress in June and 
July. The four heifers with an average beginning weight of 405 pounds spent 172 days on pasture 
and gained an average of 1.05 pounds per day. 

See Appendix Ilb for further details on inputs and outputs of each phase of each system. 
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Table 1. Growing season rainfall (inches) at the Wisconsin Integrated Cropping Systems 
Trial sites. 

A. Arlington Research Station1 

Month 
April 
May 

June 
July 
August 
September 
October 

Growing 
Season 
Total 

Yearly 

Total 
* Deviation from 30-year average 

B. Lakeland Agricultural Complex2 

Month 

April 
May 

June 
July 

August 
September 
October 

Growing 
Season 
Total 

Yearly 
Total 

2002 (*) 2001 (*) 

3.30 0.06 3.14 -0.10 
2.99 -0.44 4.70 1.27 
4.36 0.32 6.98 2.94 
2.95 -0.91 2.92 -0.94 
2.93 -1.31 5.39 1.15 
1.94 -1.70 5.22 1.58 
3.92 1.49 1.65 -0.78 

22.39 -2.49 30.00 5.12 

26.66 -6.14 36.19 3.39 

2002 (*) 2001 (*) 

3.59 -0.24 3.46 -0.37 
2.57 -0.96 3.75 0.22 
4.56 0.52 6.19 2.15 
0.49 -3.36 2.52 -1.33 
5.36 1.29 4.75 0.68 
4.21 0.70 6.93 3.42 
3.23 0.54 3.53 0.84 

24.01 -1.51 31.13 5.61 

33.64 -3.41 40.70 3.65 

* Deviation from 30-year average 
1 Data from Arlington National Weather Service Cooperative Statiori.. 
2 Data from weather station on the WICST plots. 
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30-year average 
1971-2000 

3.24 
3.43 
4.04 
3.86 
4.24 
3.64 
2.43 

24.88 

32.80 

30-yeai average 
1971 - 2000 

3.83 

3.53 
4.04 
3.85 
4.07 
3.51 
2.69 

25.52 

37.05 
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Fig. 2. Growing Season Rainfall Summary, 2001 and 2002 vs. 30-yr 
average. 
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Fig 3. Accumulated Growing Degree Days (base 50) 

A. Arlington Agricultural Research Station. 
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Table 2a. Yields from WICST at Arlington Agric. Research Station, 1992-2002. 
Corn 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 

-----------------------------------------------------bu/a---------------------------------------------------

CS1 cont com 144.0 123.7 178.1 143.1 131.2 128.6 196.2 170.4 161.6 193.6 192.2 

CS2 After sb - NT 150.1 129.8 190.2 167.7 140.0 157.4 212.6 162.9 162.9 207.7 159.0' 

CS3 Org. 3-phase 99.2 87.1 188.4 155.6 83.4 147.6 197.8 155.6 132.8 155.5 157.8 

CS4 After 3-yrs alf - 165.1 196.5 167.5 151.2 159.1 226.8 189.7 179.4 227.8 186.6 

CSs After 2-yrs alf 112.0 119.1 198.8 157.1 153.6 155.3 205.1 181.9 135.2 181.2 174.1 

LSD 12.6 7.4 12.6 11.6 16.0 10.0 12.3 .14.7 24.5 18.3 21.1 
(P<0.05) 

Soybeans 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 
-----------------------------------------------------bu/a---------------------------------------------------

CS2 Drilled- NT 30.1 52.8 42f 58.1 53.7 51.9 63.6 59.2 56.3 51.6 54.5 

CS3 Org. 3-phase 38.0 53.3 44.4 63.3 60.2 48.8 51.9 30.3 40.9 35.4 . 51.0 1 

LSD NS NS NS 2.20 NS NS NS 1.5 4.5 15.6 NS 
(P<0.05) 

Wheat 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 
CS3 Grain (bu/a) 45.2 28.6 60.9 68.1 45.4 54.4 57.7 56.9 41.7 54.8 70.5 

CS3 Straw (ton/a) 0.33 1.43 1.43 1.22 1.55 0.96 0.59 0.62 0.83 0.71 1.43 

Seeded 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 
Forage 

----------------------------------------------tons DM/a-------------------------------------------------

CS4 Dir sd 3.59 3.27 3.21 3.19 1.57 3.56 2.63 2.27 2.59 3.21 2.96 

CSs Oats/alf 2.60 NA 3.37 3.21 2.68 4.66 5.67 4.69 4.14 4.53 3.51 

LSD 0.49 0.51 NS NS 0.90 NS 0.67 0.34 0.24 1.27 NS 
(P<0.05) 

Estab'd 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 
Fora2e 

----------------------------------------------tons D Mia-------------------------------------------------

CS4 Rayl 3.46 3.93 4.56 4.02 4.16 5.08 4.30 4.49 5.44 5.89 5.18 

CSs Rayl 5.17 4.65 5.30 4.89 4.42 4.99 4.47 5.49 5.86 5.29 5.10 

CS4 Ray II 3.99 3.25 3.68 2.24 3.77 4.50 4.13 4.06 5.31 5.53 4.50 

LSD 1.20 1.15 0.42 0.36 0.59 NS NS 0.35 0.32 0.52 0.50 
(P<0.05) 

Pasture 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 
----------------------------------------------tons DM/a-------------------------------------------------

CS6 DMl' - 2.18 3.86 1.89 1.59 2.06 1.75 1.60 2.08 1.87 2.11 
3-plot average. Severe ground squirrel damage in plot 206 com and intensive/expensive hand weeding in 411 beans led to their om1ss1on. 

2 Soybeans replanted 6/15 due to severe herbicide damage to soybeans and poor weed control. 
3 DMI=dry matter intake (based on calculations using animal energy requirements). 
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Table 2b. Yields from WI CST at Lakeland Agric. Complex, 1992-2002. 
Corn 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 

-----------------------------------------------------bu/a---------------------------------------------------

CS1 Cont com 119.0 99.7 177.0 150.1 41.7 112.6 165.5 72.0 94.6 53.2 63.5 

CS2 After sb - NT 126.2 101.2 184.4 149.7 40.1 153.8 172.2 106.1 152.7 92.3 136.6 

CS3 Org. 3-phase 73.0 77.7 187.0 130.9 44.8 133.5 129.0 89.5 31.8 96.9 55.8 

CS4 After 3-yrs alf - 113.3 211.3 154.4 64.3 160.0 172.2 132.7 100.2 160.0 -
CSs114 After 2-yrs alf 101.7 80.6 198.3 143.7 57.4 151.4 92.7 128.4 57.6 - 85.1 

CS1s Org. 4-phase - - - - - - - - - 162.0 118.8 

LSD (P<0.05) 16.9 22.2 9.8 14.6 14.4 26.6 55.6 20.9 18.1 33.2 28.4 

Soybeans 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 
. ---------------- · ---------------. --------------------bu/ a---------------------------------------------------

CS2 Drilled NT 46.9 49.0 63.1 54.9 39.5 57.8 67.7 50.7 44.8 53.9 37.2 

CS3 Org. 3-phase 51.9 32.3 47.4 59.1 27.3 48.6 45.0 51.4 30.0 27.7 30.3 

CS1s Org. 4-phase - - - - - - - 43.6 44.7 50.0 40.2 

LSD (P<0.05) NS 12.7 2.3 2.9 6.6 NS NS NS 12.8 6.6 NS 

Wheat 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 

CS3 Grain (bu/a) 25.7 . 22.3 50.9 70.0 NA 57.4 47.2 49.9 41.2 45.9 52.9 

CS3 Straw (ton/a) 0.00 2.20 1.87 1.23 0.70 1.10 0.91 1.17 0.84 0.73 0.36 

Seeded Forage 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 
---------------------. ------------------------tons DM/a-------------------------------------------------

CS4114 Dir. seeded 1.11 2.01 2.37 1.24 0.15 1.45 3.12 - 1.01 1.37 0.56 

CSs11s Oats/peas/alf NA 1.43 3.49 1.51 0.63 2.32 2.97 2.97 4.65 3.17 2.76 

LSD (P<0.05) 1.02 NS 0.'54 NS 0.50 NS NS - 1.14 0.41 0.58 

Estab'd Forage 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 
----------------------------------------------tons DM/a------------------------------ · ------------------

CS4114 Hay I 3.65 2.87 4.12 4.47 4.26 1.301 4.53 3.23 - 3.17 2.12 

CSs11s Hay I 3.54 3.37 3.82 4.62 4.35 3.00 4.86 4.15 3.32 4.10 3.33 

CS4 Hay II 3.57 2.61 4.05 3.34 3.74 3.40 4.32 3.31 4.12 - -
LSD (P<0.05) NS NS NS 0.71 0.78 0.86 NS 0.72 0.82 NS 0.27 

Pasture 1992 1993 1994 1995 1996 1997 1998 1999 200Q 2001 2002 

----------------------------------------------tons DM/a-------------------------------------------------

CS6 DMI1 3.35 2.46 3.24 2.53 - - 0.76. 1.63 1.50 1.86 1.76 

Reseeded due to 1996 seeding failure 
2 DMI=dry matter intake (based on calculations using animal energy requirements). 
* In 1999, system 4 (c-a-a-a) changed to system 14 (c-a-a) and system 5 (c-opf-a) changed to system 15 (c-sb-opf-a). 
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2A. ROTATIONAL GRAZING WITH DAIRY HEIFERS ON WICST: 
a. Pasture Productivity and Quality 

Janet Hedtcke1 and Josh Posner2 

INTRODUCTION 

Traditionally, pasture has been left for land too poor for cultivation and was under a continuous 
grazing regime. However, these same pastures can produce high quality, high yielding forage if 
properly managed. Successful rotational grazing is based on a complex relationship between 
plants, animals and management and is more productive than continuous grazing by up to a 2000 
lb dry matter/acre (Undersander et al, 1991). There are varying degrees of intensity of rotational 
grazing based on frequency of movement from twice daily to weekly. Movement that reflects the 
plant growth rate and not based on rigid time schedules is referred to as management intensive 
grazing (MIG). Of the three dairy forage systems represented in the Wisconsin Integrated 
Cropping Systems Trial (WICST), the MIG system has the lowest input and is the most 
biologically diverse system. Productivity is measured in terms of animal performance and forage 
production. Long-term effects from grazing are also being monitored on the soil, the vegetation 
and water quality (Lakeland site). This paper focuses on forage availability and forage quality of 
the pasture plots over the course of the WICST project. Animal data can be found in the next 
paper of this report entitled 'Rotational Grazing with Dairy Heifers on WICST: b. Animal 
performance swnmary '. 

MATERIALS AND METHODS 

Pastures were established at the Lakeland Agricultural Complex (LAC) and the Arlington 
Agricultural Research Station (ARS) in 1990. Initially, species included red clover (Trifolium 
pratense), smooth bromegrass (Bromus inermis) and timothy (Phleum pratense); later, 
orchardgrass (Dactylis glomerata), perennial ryegrass (Lolium perenne)and reed canarygrass 
(Phalaris arundinacea) were also included (see Table 1 for seeding dates and rates). At LAC, 
the forage was mechanically harvested in 1991 and grazing began in 1992. At ARS, severe 
winterkill of the grasses required reseeding in 1992. Slow establishment due to drought delayed 
grazing there until the spring of 1993. Red clover was seeded (frost seeded at LAC and drilled at 
ARS) into the pastures on alternative years through 1995. Thereafter, red clover was seeded at a 
reduced rate when deemed necessary. Two of the paddocks at LAC (reps 1 and 4) were tilled 
and reseeded in August of 1996 to repair severe trampling damage, which occurred during the 
wet weather earlier that summer. The fall seeding of 1996 there failed and there was more 
reseeding in the fall of 1997. No grazing or mechanical harvest occurred on the plots at LAC in 
1997. 

1 Research Specialist, UW-Madison, Agronomy Dept. E-mail: jlrieste@facstaff.wisc.edu 
2 Professor, UW-Madison, Agronomy Dept. Email: jlposner@facstaff.wisc.edu 
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Table 1. WICST pasture seedine dates and rates. 
Af14igtoij.1:\g,t~sear.clfstaWin· · · .• ·, •:t / .. ·•• ... : : j( Lakel~p:clAgrlcrilt:trra\C<>mplex: ; ',trt;;j., j~··.·r:··t·· ;: 

Year Date Species (lb/acr Date Species (lb/acr 
e) e) 

1990 23-Apr 'Marathon' red clover 7.0 30-May 'Marathon' red clover 6.1 
'Badger' smooth 

8.0 
'Badger' smooth 

3.0 bromegrass bromegrass 
'Toro' timothy 4.0 'Toro' timothy 3.5 

1992 30-Apr Orchardgrass ( early) 6.0 - - -
'Badger' smooth 

12.0 
bromegrass 
'Toro' timothy 6.0 

31-Jul Orchardgrass ( early) 4.5 
1993 09-Apr 'Arlington' red clover 12.0 07-Apr 'Arlington' red clover 20.0 
1995 17-Mar 'Arlington' red clover 15.0 24-Mar 'Arlington' red clover 18.0 
1996 26-Apr 'Arlington' red clover 6.0 09-Mar 'Arlington' red clover* 18.0 

22-Aug 'Arlington' red clover** 6.0 
timothy 4.0 
perennial ryegrass 3.0 

1997 05-Apr 'Arlington' red clover 6.0 21-Aug reed canarygrass 8.0 
Orchardgrass ( early) 3.0 
'Arlington' red clover 8.0 

1998 - - - 30-Mar 'Arlington' red clover*** 15.0 
2001 13-April 'Arlington' red clover 12.0 26-Mar Arlington' red clover 6.0 
* Seeded with no-till drill; otherwise broadcast seeded except for drilling with 1990 establishment. 

* * reps 1 and 2 *** Heavy seeding due to poor pasture conditions 

Throughout the history of the trial, dairy heifers were cycled 5-6 times per season through the 
four replicates of the pasture system at both sites. Three grazing management strategies have 
been used. From the beginning of the trial through 1995, each repetition was stocked with two 
500# heifers and they were moved up and down the plot to simulate rotational grazing. Excess 
forage was removed as hay (see Tables 2 and 3). This system worked well statistically and 
replicated observations were taken each year on forage quality, animal weight gain and soil 
characteristics. Unfortunately this system was too constrained for best management of the 
paddocks. For the next four seasons (1996-1999) a put-and-take system was followed where 
twelve 500# heifers started as a cohort and moved through the four repetitions. As feed became 
limiting after the early spring flush, some heifers were removed. Little to no hay was taken 
during this period (see Tables 2 and 3). It was decided however, that this system put too much 
pressure on the paddocks in the early season and had adversely affected weight gain of the heifers 
that were removed early. This system also made it impossible to conduct economic analysis as 
once the heifers were removed they left the experiment, which is not the case when actually 
grazing heifers in a custom operation. For the past three seasons (since 2000) we used a 
compromise system of putting only four heifers on the plots and treating them as a cohort. This 
has resulted in some haying in the spring, but the paddocks appear to be in better health. This 
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translates into a stocking rate of 0.7 animal units/a (1 animal unit=lOOO lbs). 

Table 2. Mechanical hay harvested on pasture plots over the course of the trial at ARS. 
Year1 Yield Crude Protein 

Date (tons·DM/a) Plot# (%) RFV 
1993 June 11 0.54 112,302,405 13.8 90 
1994 May31 1.08 All 4 plots2 13.3 103 

October 21 1.10 All 4 plots2 16.7 125 
1995 June 5 0.38 All 4 plots2 12.1 101 

October 9 0.99 All 4 plots2 16.9 93 
1997 June 14 1.43 405 - -
1998 May 12 1.68 302 19.4 145 
2000 May 16 1.15 207 18.1 120 

June 6 1.68 302 9.6 82 
2001 May25 1.52 207 - -

June 30 1.04 405 10.7 89 
2002 May6 1.20 207 - -

May 16 0.94 405 18.7 132 
June 11 0.23 405 15.5 108 -No hay harvested in 1996 or 1999. ~ Only partial plot was taken as hay while the rest was grazed. 

Table 3. Mechanical hay harvested on pasture plots over the course of the trial at LAC. 
Year1 Yield Crude Protein 

Date (tons DM/a) Plot# (%) RFV 
1992 May30 1.43 104,314,408 16.5 136 
1994 June 16 0.39 All 4 plots2 12.1 99 
1995 May31 0.28 All 4 plotl 11.6 79 

June 23 0.32 104,314 15.4 90 
2000 June 20 1.59 408 16.6 -
2001 July9 0.75 408 6.6 84 
2002 June 9 1.28 408 13.9 102 
~ 

1 No hay harvested in 1993: 1996~1999. 2 Only partial plot was taken as hay while the rest was grazed. 

Since yield is difficult to measure in grazing systems, forage availability will be used to describe 
the pasture productivity. Available forage differs from yield for two reasons: 1) to measure 
forage availability, forage is clipped to ground level (i.e. 2-in. stubble) but grazing height is 
rarely below 4 inches and is very selective and uneven, 2) at each successive cycle, senesced and 
refused/trampled forage remains and will be resampled thus overestimating yield and 
underestimated quality3. 

3 In the 2002, forage samples from Aug-Oct. were separated into green and brown fractions and an NIRS equation was calibrated using samples 
with the full range of green: brown ratios at l 0% intervals (Undersander pers com 2002). Using this equation, we tried to predict %green or 
%brown material in past and present samples, using archived NIRS spectra. The equation predicted that over the last 10 years, between 10 and 
20% brown material (residue) was present in the ground samples. This suggests that forage availability may be overestimated and quality 
underestimated by 10-20%. Since the start .of the trial, forage samples, cut to ground level, were not sorted into green and brown fractions. In 
the future, pasture samples should be sorted into green and brown fraction and only green weighed and analyzed for quality. 
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Samples were collected throughout the season from the paddock area to which the heifers were 
being moved (plots at Lakeland were not sampled consistently beyond 1999). At the beginning 
of each grazing cycle, direct sampling (as discussed in CSSA special pub# 16, 1989) with a 
quadrat and sheers was used to estimate total available forage. We have used a 0.25m2 

(0.5mx0.5m) quadrat but in the future we will use a 3-sided frame that measures l .Ox0.5m2, as 
recommended by Mannetje and Jones (2000). The 0.5m2 sampled area, referred to as a strip, will 
allow more adequate sampling for most species. 

Forage was dried (in 60°C oven for at least 48 hr) and forage availability is expressed on a dry 
matter basis. Samples were sent to the UW Forage Extension Lab in Moore Hall for quality 
analysis. Using NIRS (ghay.eqa), forage quality was estimated for crude protein (CP), neutral 
detergent fiber (NDF), and acid detergent fiber (ADF). Relative feed value (RFV) was calculated 
from NDF and ADF for each sample. 

Inputs 
Herbicide. Generally, little to no herbicides have been used on the pasture with two· exceptions: 
At LAC 1997, Roundup Ultra (1.5 pt/a), and 2,4-D (1 pt/a) was applied during plot renovation 
and at ARS in July 2002 when 'Stinger' was spot sprayed to control Canada and bull thistle; 
approximately 1 gallon of solution (with 7 ml of product) was used for the 2.8 acres of pasture 
( or 2.5 ml stinger/a). 

Clipping. Mechanical clipping with a rotary mower (to about 4" stubble height) has frequently 
been done through mid-July to remove seed heads and keep weeds in check thus improving the 
pasture stand and quality. 

N management. Manure was added at 10 ton/ a from 1990 to 1992 at both sites during plot 
establishment and again at LAC in 1996 and 1997 during plot renovation. At Arlington, 
synthetic N has occasionally been applied to the plots at a rate of 30-50 lbs N/a (lx in 1993, 
1994, 1996, 2000). Lakeland received synthetic N only once at 38 lb/a, in 1993. For the most 
part, manure from the grazing heifers and the red clover (see Table 1 for seeding info) has 
provided enough N for adequate grass production. To estimate the amount of nutrients in 
manure we have made some· assumptions: 1) manure output for 500 lb heifer - 50 Ibid 'as is' 
basis, and 2) manure (both urine and feces) has about 10 lb N, 3 lb P205, and 8 lb K20 per ton 
(Cornell data). Using a stocking rate of four- 500 lb heifers for 150d on 2.8 acres, about 55 lb 
N/a is excreted. Although this isn't an even spreading of nutrients, as heifers tend to linger 
around grain bins and water tank, the variability is reduced with rotational grazing vs. continuous 
grazing. · 

Pasture Management 
Grazing details for years prior to 2001 have been reported in each of the previous WICST 
technical reports (2nd_gth). 

Arlington 2001. On April 25, paddocks were evaluated using a pasture condition score sheet 
compiled by Cosgrove et al. (1996). All plots were in the 'good' category. Late growth of 
legumes and low plant density reduced the score from the' very good' category. To improve 
legume content, red clover was drilled in at 12 lb/a on April 13. Some seedlings were beginning 
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to emerge by late April. Grazing began May 2 in 2001. Plots were clipped at least once each by 
mid-July to remove mature seed heads and to increase light penetration for the newly seeded red 
clover. Hay was mechanically harvested once at the end of May (plot 207, 1.52 ton dm/a) and 
once at the end of June (plot 405, 1.04 tons dm/a). The excess forage harvested as hay was not 
needed later in the season as.soil moisture was adequate for most of the season for timely 
regrowth. 

Continuing with the same management of the previous year, four dairy heifers flash grazed the 
paddocks the first month (36 days) of the grazing season until most clipping was done. 
There~fter, paddocks were divided into quarters and a back fence was erected to allow plant rest 
and regrowth. Heifers were moved ~very 2 to 3 days to new section. An alleyway was set up in 
each paddock to allow the heifers access to water at all times. Approximately 1500 square feet of 
the paddock was used as this alleyway. Throughout the grazing season, the heifers were cycled 
through the four paddocks an average of 5 times. Grazing ended on October 2 for a total of 153 
grazing days, about 3 0 days short of our goal. 

Canada thistle is becoming an increasing problem in the pasture. Hand weeding was done 
occasionally to remove thistles. Fence line trimming was done in late May and again in mid-July 
to keep the electric fence clean, using a gas-powered, wheeled push trimmer. 

Arlington 2002. Plots were assessed and it was determined unnecessary to reseed red clover this 
year. Grazing began May 1 using four 500 lb heifers. Pastured heifers were given the entire plot 
for about 5 days and then rotated to a new plot. After the first 10 days, the plots were subdivided 
into quarter section. Only three plots were used for grazing in the first cycle and the other was 
mechanically harvested. 

All plots were clipped at least once after the spring flush. Plot 207 and 407 were mechanically 
harvested once yielding 1.20 and 1.17 tons dm/a respectively. Fence lines were trimmed in mid
June and did not need more trimming for the duration of the season. Canada and bull thistles 
were present in each plot and sprayed with Stinger at the end of J1,1ly. 

Plots were grazed 6-7 times during the season. A dry summer and early fall resulted in low 
forage supply by mid-October. Grazing ended on October 10 for a total of 163 grazing days. 

Lakeland 2001. Heifers were put on plots on May 1, 2001. Continuing with the same 
management of the previous year, four dairy heifers flash grazed plot 104 for the first 14 days. 
Then, plots were subdivided and heifers grazed each plot from 15-3 0 days. Heifers cycled 
through each plot three times during the season. No legume was seeded this spring. Hay was 
harvested on July 9 from plot 408 (2.68 ton dm/a) but this hay was not fed back to heifers. 
Paddocks were sectioned and heifers were given new sections every four to five days. The 
grazing season lasted for 158 days. 

Lakeland 2002. Four heifers were leased from a neighboring farm because the Walworth County 
farm's dairy herd was sold last year. There was no confinement group to serve as a control. 
Grazing began in mid-May and ended in early November for a total of 172 grazing days. Hay 
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was harvested from plot 408,as round bales (1.28 ton dm/a) and fed back later in the summer. 

RESULTS AND DISCUSSION 

Long-term Productivity. 
Since the pasture plots were established, they have produced well with about a ton of dry 
matter/acre available on average at each sampling period at each site (Fig. 1). This figure was 
built by pooling the harvest quadrat data (0.25m2

, 3-4 subsamples/date) from the 9 years at ARS 
and the 5 years at LAC (1992-1995, 1999; no reliable sampling at LAC after 1999). Each point 
represents the mean of 4-16 sampling dates that fell ·within the indicated 10-day period across 
years. The growth curves at each site follow the typical cool-season grass growth pattern with 
highest production in spring/fall and lowest in mid-summer, growth being related to temperature 
and moisture. At ARS, the growth distribution was a bit more even that at LAC although both 
sites experienced the 'summer slump1

, or reduced forage production in late June and July. The 
flat lay of the paddocks at ARS allows most of the rainfall to infiltrate instead of running off and 
the excellent water holding capacity of the soil is a factor of sustained production during the dry 
summer months. At LAC, reduced summer yields may have been due to a combination of 
factors such as higher slopes, slower infiltration, spring trampling damage due to slowly draining, 
heavy soils, and hotter, drier summer weather at this site. 

Fig. 1. Seasonal forage availability at ARL (1993-20021
) and 

at LAC (1992-1995, 1999)2. 
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Long-term Quality 
Forage quality has been very good with protein levels fairly steady within the season (Fig. 2). 
Average crude protein was 18.4% across sites and peaked at 21 % when grass regrowth was leafy 
and legumes were prevalent. Generally, protein levels dropped as low as 14% during mid-June 
as grasses matured. Relative feed value, averaged 123 across sites and years ranging from 100 to 
160 (Fig. 3). Arlington tended to have higher quality grass than LAC at most sampling points 
perhaps due to a more favorable environment at ARS. It should be noted that RFV is based on 
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alfalfa and not grasses. Therefore, it isn't quite appropriate to compare alfalfa to grass based on 
RFV. Future analyses will be on RFQ (relative forage quality). 

Fig. 2. Seasonal crude protein% at ARL (1993-2002) and LAC 

(1992-1995,1999)1. 
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Fig. 3. Seasonal RFV at ARL (1993-2002) and LAC (1992-1995, 

1999)1. 
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CONCLUSION 

Rotational grazing offers a low input system with very good forage quality and productivity. 
Close attention to forage growth, animal condition, and weather conditions is important to 
maintain high forage production and quality. Excess forage growth should be harvested as hay or 
clipped early in the season to maintain high quality and intake. Quality will vary with plant 
maturity but post-grazing clipping can help keep the forage quality consistently high. Red clover 
has been reseeded about every other year, which has helped maintain pasture quality. By 
managing both forage and heifer needs, we can realize the potential of rotational grazing as a 
viable alternative to conventional heifer rearing. 
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ROTATIONAL GRAZING WITH DAIRY HEIFERS ON WICST: 
b. Animal Performance Summary 
Janet Hedtcke1 and Josh Posner2 

INTRODUCTION 

In Wisconsin, there are nearly 2 million acres harvested for hay (WI Ag Stats, 2002) and another 
2.5 million acres grazed (WI Ag Stats News Release, 2003). In fact, according to WI Ag 
Statistic Service, grazed pasture ranks second in acreage just behind com for grain production 
(2003). Productive grass-legume pastures are key to most livestock systems. Managed pastures 
provide high quality forage and offer an excellent, healthy environment for livestock. 
Management-intensive grazing (MIG) is a low-input style of dairy herd management that can 
reduce feed, labor, equipment and other input costs. It is estimated now that some form of MIG 
is practiced on 22% of Wisconsin dairy farms (PATS, 2001). Reducing feed costs and labor 
relates directly to the 'quality of life' for the farm family. MIG also offers less environmental 
risk with reduced erosion, minimal use of fertilizer and pesticide, and reduced barnyard runoff. 
It can also offer wildlife habitat. 

Our objectives of this study are to compare the production, profitability and environmental 
impact across various cropping systems. Th.e pasture productivity summary can be found in the 
previous paper of this report entitled 'Rotational Grazing with Dairy Heifers on WICST: a. 
Pasture Productivity and Quality' and an economic summary is found in the next paper 
'Rotational Grazing with Dairy Heifers on WICST: c. Economic Evaluation of MIG'. The 
current paper deals with animal performance under MIG since 1992. 

MATERIALS AND METHODS 

Fencing Details 
Fencing and water lanes for pastures at both locations were built during the spring of 1992. At 
LAC, the forage was mechanically harvested until the spring of 1992 when grazing began. At 
ARS, severe winterkill of the grasses required reseeding in 1992 and grazing began in the spring 
of 1993. Fig. 1 shows an example of paddock layout at ARS, which was 0.70 acres; layout was 
similar at LAC but paddock size was 300' x 120' or 0.83 acres. The perimeter fencing consists 
of three strands of high-tensile wire with wood posts energized by either a: solar fencer or a 
battery powered fencer. In recent years, pink ribbons have been tied on the wire around the 
perimeter of the plot to improve visibility of the fence to the heifers. Polywire and plastic 
'pigtail' posts have been used to subdivide each paddock. 

1 Research Specialist, UW-Madison, Agronomy Dept. E-mail: jlrieste@facstaff.wisc.edu 
2 Professor, UW-Madison, Agronomy Dept.E-mail:jlposner@facstaff.wisc.edu 
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Fig. I Pasture layout at Arlington 
(similar at LAC). 
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Grazing details for years prior to 2001 have been reported in each of the previous WICST 
technical reports (2nd _8th). 

Arlington 2001. Ten heifers were selected for the study and initial weights were recorded on a 
shrunk-weight basis. Six of the ten heifers were controls and remained in confinement with 
initial average weight of 548 lb. The initial average weight of the four heifers in the pastured 
group was 516 lb. Heifers were supplemented 2 lb of com grain per hd per day until June 2 as 
heifers transitioned to a pasture diet. As the grasses matured and became oflower quality, grain 
was increased to 4 lb per hd per day from June 2 to July 23. The rest of the grazing season, grain 
was reduced again to 2 lb/hd/d. In total, 347 lb (dry matter [DM] basis) grain/hd was 
supplemented for the season. Midseason weights were not collected as one heifer escaped from 
the plots and it was decided not to pursue the effort once she was back in the plot. Heifers were 
removed from the trial on October 2 due to cold and wet weather conditions. 

Arlington 2002. Similarly to 2001, body weights were recorded for six control (confinement) 
and 4 pastured heifers. Average size for the pastured heifers was 515 lb, about 100 lb larger than 
the controls. The animals were supplemented 2 lb of com grain per hd per day for the entire 
season except for the last 12 days when forage supply was running short and the weather was 
getting cold. A total of294 lb DM grain/animal was fed for the season. Midseason weighing 
was forgone as it has been perceived as disruptive and stressful to the animals. 

Lakeland 2001. Initial average shrunk weight of the four pasture heifers was 491 lb. The 
confinement group averaged 556 lb/hd at beginning of season. Heifers received 2 lb com grain 
per day per hd for the entire season. Total grain supplemented for the season was 269 lb DM 
grain/hd. No mid-season weights were measured. Controls did not get weighed at the end of the 
season. 

Lakeland 2002. Due to circumstances at the Walworth County Farm, heifers were obtained from 
a local farmer and raised on a contractual basis. Grazing began May 17th and ended in 
November 6th. Grain was supplemented at 2 lbs/day/hd for a total of292 lb DM/hd for the 
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season. Three bales of hay (850 # each) were made from plot 408 in mid-July and fed back 
during September and October. 

Table 1. Supplemented grain and hay ('as fed' basis) per animal during each grazing 
season at each site (1992-2002)1. 

ARS LAC 

lb feed mix/hd/yr lb hay/hd/yr lb feed mix/hd/yr lb hay/hd/yr 

1992 - - 0 543 

1993 485 0 195 390 

1994 205 0 0 529 

1995 300 0 308 275 

1996 326 56 253 285 

1997 338 0 - -

1998 314 635 192 0 

1999 368 0 158 0 

2000 360 0 328 0 

2001 408 · 0 316 0 

2002 346 0 344 638 
I Rates shown reflect supplement fed to animals that were on plots for entrre season. 

RESULTS & DISCUSSION 

As a system for raising heifers, maximum weight gains of 1.8-2.0 lb/day (post-weru.:,.ing) are 
desirable. At this rate, animals are ready to be bred at 13-15 months (750-850 lb). Prepuberty 
growth rates above 2.2 lb/d can inhibit mammary development and lead to permanent 
impairment of milk producing ability (Sejrsen, 1982). Rates below 1.8 lb/day can lead to the 
hidden expense of delayed puberty, breeding and first calving (Fiez and Rimbey, 1983). Of 
course, there is genetic variability between animals and gains from pasture have deviated above 
and below this ideal 1.8 lb/day rate of gain. 

Arlington. Average daily gain in 2001 was 1.63 lb/d/hd (ranging from 1.44 to 1.76 lb/day) for 
pastured animals and 1. 72 lb/d/hd (ranging from 1.11 to 1.99 lb/day) for confinement. The next 
year (2002) heifers on pasture had an average daily gain of 1.82 lb/ hd. Weight gain ranged from 
1.60 to 1.93 lb/d for pastured heifers and 1.99 to 2.67 lb/hd for confinement heifers. 

Lakeland. Weights were recorded on a group weight basis in both 2001 and 2002 for simplicity 
sake. Average daily gain of pastured heifers averaged I. 77 lb/hd in 200 I. Final weights in 2002 
were less than ideal with animal gains of 1.05 Ibid. Excess spring forage was not harvested for 

30 



WICST 9th Technical Report 

hay until mid-July (plot 408 only), which resulted in poor quality forage. Hot, dry weather in 
June and July combined with poor forage quality negatively impacted heifer performance. 
Furthermore, the animals were out too long in the fall without adequate supplementation when 
weather was getting cold and wet and when grasses typically have lower energy content. 

In general, confinement animals gained 2.2 lb/d or about 20% faster rate than the heifers on 
pasture ( data not shown). This is in agreement with a study by Tobert and Linn (2002) who 
found that feedlot heifers gained 23% more weight per day than pastured heifers. Lack of 
exercise and a higher calorie intake in confinement may account for this difference. It should be 
noted that there has been no transition/adjustment period from confinement to pasture. Ideally, 
the pastured animals would be on pasture for 10 days then weighed but existing facilities make 
that difficult. Table 2 shows the current summary of animal performance at both LAC and ARS 
from 1992-2002. It is apparent that the grazing days has been well below the expected 180 days 
at both sites over the years. Grazing usually begins in early May but rarely extends beyond late 
September due to either lack of forage or difficult weather conditions. Having no shelter or wind 
block can be very hard on dairy heifers in wet, cold weather because they don't have a lot of 
extra body condition like beef cattle or sheep do. Over the course of the trial, average daily gain 
was 1. 78 lb/d at LAC and 1.65 lb/d and ARS for animals that were on pasture all season. 
Animals taken off early ( <60 d) showed little to no weight gain, which reflects a slow transition 
from confinement to pasture ( data not shown). 

Table 2. Summary of animal weight gain for WI CST rotational grazing for 1992-
20021

. 

%~tWJ%t,,c?'\~~~tt!;t;pJ ~o;,rtJ;:~E'tW .;;,,t,',}tfi :.::;,t,s{f. 1r,,\)it'.{f;;;. ,.,~. ~tt?~, 
Le- . '~ : ,..c .. -,~/--t.'. 

Year lb/hd/day # of Days lb/hd/day # of Days 
1992 2.27 167 na 0 
1993 1.64 152 1.76 137 
1994 2.01 178 1.61 120 
1995 1.91 154 0.78 60 
1996 1.63 122 1.89 127 
1997 na 0 1.75 125 
1998 2.28 96 1.69 138 
1999 1.83 148 1.79 134 
2000 1.42 164 1.76 161 
2001 1.77 158 1.63 153 
2002 1.05 172 1.82 163 

data is for animals on pasture all season. 

- Forage Production using Estimated Dry Matter Intake Method 
Although forage availability is a useful estimate of pasture production, it is not what the animal 
actually consumes as dry matter intake (DMI). Forage availability does not account for 
trampled or refused forage and animals don't graze evenly to ground level as is done to 
determine forage availability. Actual forage consumption is difficult to determine for grazing 
studies without using invasive techniques such as surgically implanted fistulas. We used animal 
energy consumption formulas, tables of feed composition, and animal nutrient requirements to 
estimate dry matter consumed by the grazing animals (Table 3). Daily net energy for 

31 



WICST 9th Technical Report 

maintenance (NEM) and net energy for growth (NEa) requirements for the animals were 
determined by the standard formulas from the 1989 NRC Publication on Nutrient Requirements 
for Dairy Cattle (shown below) using average weight of each animal during the grazing period 
and their average rate of gain. 

NEM (in Meal/day) = .086 * (L W)'75 

and 
NEG (in Meal/day) = .035 * (L W)'75 * (LWG/1000)1.119 + 1.0 * L WG/1000 

where LW is live weight in kg and LWG is live weight gaining/day. 

The pasture NEM and NEa (in Meal/kg DM) used for ARS were an average of the following 
three values taken from the NRC feed energy tables: 

1) NEM = 1.52 and NEa = 0.93 for avg. of early and medium bloom red clover 
2) NEM = 1.69 and NEa = 1.08 for young orchardgrass 
3) NEM = 1.48 and NEa = 0.89 for avg. of early and medium maturity bromegrass 

Avg NEM = 1.56 and NEG = 0.97 for grass/clover mix pasture 

Energy value of supplemented grain mix at Arlington is 
NEM = 1.96 and NEG = 1.30 

Pasture NEM and NEa (in Meal/kg DM) values used for Lakeland were taken from the NRC feed 
energy tables and are shown below: 

NEM = 1.31 and NEG= 0.74 for reed eanarygrass 
NEM = 2.06 and NEG = 1.40 for barley supplement 

Daily DMI was calculated using the following equation: 
DMI (kg/d) = ( daily NEM requirement/ NEM per kg ration) + ( daily NEG requirement/ NEG 
per kg ration) 

The actual NEM and NEa of the complete ration were calculated after determining the percent of 
daily DMI from the grain. Forage consumption was then determined by subtracting off the grain 
from the daily DMI. Then, we multiplied the number of days the animals were on pasture by the 
daily DMI per animal. Total DMI per acre was determined by multiplying forage consumption 
per animal by the total number of animals plus any mechanically harvested hay, which is 
assumed to be used for winter feed. 

32 



WICST 9th Technical Report 

Table 3. Estimated Forage Production using 
Dry Matter Intake Calculations using NRC 
equations for maintenance and growth. 

LAC ARL 
Year T DM/acre TDM/acre 
1992 3.35 -
1993 2.46 2.16 
1994 3.24 3.86 
1995 2.54 1.89 
1996 0.37 1.59 
1997 - 2.06 
1998 0.76** 1.74 
1999 1.63 1.36 
2000 1.50 2.08 
2001 1.86 1.88 
2002 1.76 2.11 

** does not include growth before July 23. 

CONCLUSION 

Rotational grazing offers a low input system with good animal performance. Excess forage 
growth should be harvested as hay or clipped in May and June to maintain high quality and 
intake. Grain supplementation may not be necessary all year but it is a relatively inexpensive 
energy source that can improve condition in extreme weather. Occasional hay supplementation 
may be necessary during periods of slow pasture growth such as in late July. By managing both 
forage and animal needs, we can realize the potential of rotational grazing as a viable alternative 
to conventional heifer rearing. 
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ROTATIONAL GRAZING WITH DAIRY HEIFERS ON WICST: 
. c. Economic Summary 

Don Schuster1
, Janet Hedtcke2

, Josh Posner2 

INTRODUCTION 
Traditionally, dairy heifers were raised on pasture in Wisconsin. However, raising dairy heifers 
in management-intensive rotational grazing (MIG) systems is still fairly new and is becoming 
increasingly popular as the capital costs of dairy farming increase3

• MIG is one way for new 
dairy farmers to break into farming without having to shoulder the huge capital investment 
needed for confinement systems. One of the objectives ofWICST is to measure the profitability 
ofMIG. 

METHODS 
The 6th cropping system ofWICST is MIG with dairy heifers. This treatment took place at both 
the Arlington Ag. Research Station (since 1993) and Lakeland Ag. Complex (since 1992). The 
trial used four research plots, each under one acre in size. These plots were subdivided into 
smaller paddocks that best matched forage availability with stocking density. The plots were 
initially seeded with red clover, smooth brome grass and timothy; later, orchard grass, perennial 
ryegrass and reed canarygrass were also included. 

Three grazing management strategies have been used. From the beginning of grazing through 
1995, each repetition was stocked with two 500# heifers and they were moved up and down the 
plot to simulate rotational grazing. Excess forage was removed as hay. This system worked well 
statistically and replicated observations were taken each year on forage quality, animal weight 
gain and soil characteristics. Unfortunately this system was too constrained for best management 
of the animals and paddocks. For the next four seasons (1996-1999) a put-and-take system was 
developed where 12, 500# heifers started as a cohort and moved through the four repetitions. As 
feed became limiting after the early spring flush, some heifers were removed. Little to no hay 
was taken during this period. This system made it impossible to conduct economic analysis as 
once the heifers were removed they left the experiment, which is not the case when actually 
grazing heifers in a custom operation. Since 2000, four 500# heifers were rotated through the 
pastures for the duration of the grazing season and excess forage was mechanically harvested. 

Much debate went into how to best evaluate the economics of the MIG system in the WICST. 
Heifer performance in this system was first measured using daily rate of gain, with a dollar value 
placed on that gain. However, several heifers were removed from their paddocks after a few 
weeks of the trial as a function of the put-and-take system. Because many of these heifers gained 
poorly during those weeks, it became clear that daily rate of gain would inadequately represent 
the performance of this system. 

1 Don Schuster, Outreach Specialist at the Center for Integrated Agricultural Systems, UW-Madison 
2 Research specialist and Professor, UW-Madison, Agronomy Dept. 
3 See Wisconsin Integrated Cropping Systems Trial, Eight Report, pages 31 - 42 for a complete description of this 
system in the trial. 
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As custom heifer production has become more common in the dairy industry over the past 1 O 
years, other arrangements have become prevalent. Under a typical custom heifer production 
arrangement, a dairy producer sends heifers off of the farm and hires someone else to raise them. 
In most cases, the dairy producer simply provides the heifers and the contracted grower supplies 
the rest (i.e. vaccinations, deworming, vet care, etc.). The grower is paid a fixed amount per day 
for each heifer that is on his or her farm. When the heifers are close to freshening, they return to 
the original dairy farmer. 

This custom heifer-raising scenario was determined to be the best fit to evaluate the heifer 
enterprise for WICST. The Stocker Enterprise Budgets for Grass-based Systems4 was used as a 
model for the pasture inputs with the rest of the data coming from WICST. The farm size has 
been scaled up to 150 acres from our research plots to match the farm size used for the other two 
dairy systems on WICST (CS4 and CS5). The numbers of heifers were proportionally adjtisted 
to come up with the stocking rate on 150 acres. Expenses are divided up into pasture costs and 
heifer costs5

. Heifer costs include labor (to move fences, heifers and supply feed), supplemental 
feed (grain and hay), minerals and salt. Pasture costs include reseeding, clipping/haying, 
fertilizer, and use-related costs ( energy for fuel, lube; repairs and maintenance; overhead on 
tractors, buildings, waterlines, fencing, etc.; and interest). Grain prices were different at each site 
because of available resources. At Arlington, the feed mix was a mix of com, oats, and soybean 
oil meal with vitamins, salt, trace minerals, and feed medications and cost $0.18/lb (ranging from 
$0.156 to $0.213/lb) The feed mix at Lakeland was simply barley grain and was only half the 
cost of the grain at Arlington ($0.09/lb, ranging from $0.078 to $0.107). In some years, 
additional income was earned from custom bailing surplus hay for $7/bale (935 lb bales, DM) 
and selling it in the same manner as in CS4 and CS5: Hay was valued at $80/ton based on RFV 
140, with a floor price of $50/ton. No value was placed on the forage that the heifers consumed, 
as its value was captured in the daily cost of grazing the heifers. It was assumed that all forage 
would be· consumed and any forage left would be baled and sold back to the heifers as feed or 
sold outright. 

A budgeting program, ABCS (Agriculture Budget Calculation Software; Frank and Gregory, 
2000) has been used to calculate gross margins on the WICST pasture system. Gross margins 
are the difference between the product income (based on the actual yield, its quality, and the 
price received for the harvested product) minus the variable expenses (seed, fertilizer, fuel, 
repairs, etc.). Gross margin figures are the dollars available to cover the overhead costs of 
capital, land, labor and management. The way to interpret the adequacy of the gross margin 
figure is to estimate the amount of money needed per acre to cover those overhead costs such as 
labor and management, land rent, and depreciation and interest cost associated with machinery 
and sheds owned on the farm. Generally, gross margins less than $125/a will not cover these 
overhead costs in a grazing system. 

Based on an informal survey, two different daily charges per heifer-$0.85 and $1.40 were used 
to estimate overhead costs and evaluate the system's economic value. These values reflect 

4 UW-Extension publication A3718, Don Schuster, Dan Undersander, Dan Schaefer, Richard Klemme, Mike 
Siemens and Larry Smith 
5 Initial plot establishment was not included in these analyses. 

36 



WI CST 9th tech report 

contracts that actually exist in the industry today. The higher priced contract is paid when the 
grower accepts a higher level of responsibility for the heifers; such as vaccination, deworming, 
vet costs, etc. These same surveyed farmers that used MIG rarely fed grain in their operations. 

RESULTS 
Days on Pasture. What can be seen clearly in the results is that the number of days on pasture is 
a very important factor affecting the gross margins of this system. On average, animals were on 
pasture for 132 days at Arlington. The grazing season on the Arlington Research Farm was 
generally 30 to 40 days shorter than on production farms due to the number of experiments being 
conducted and resulting labor shortage. In 1995 for example, heifers were on plots for only 60 
days of the season, which severely impacted profits (see Table 1, Chart 1). 

Because Lakeland wasn't constrained by research, it could more closely mimic an actual grazing 
farm by grazing more days with average of 151 days over 10 years. One exception was in 1996 
when animals were on actual CS6 plots for only 56 days. This was a very wet year and there 
was significant hoof damage done to the sod. This resulted in moving the heifers to another 
pasture area (off WICST plots) for the remainder of the season and to plot renovation in 1997. 
As can be seen from Table 2, both 1996 and 1997 had the lowest gross margins because of the 
number of days heifers were (or were not) on the plots. But in general, this farm was set up for 
MIG and milk cows and replacements were on pasture most of the year. Moving the trial heifers 
from the main herd to the CS6 plots and back again at the end of the season was fairly simple. 

Supplemental Feeding. Grain was the largest expense incurred on this system at both sites. 
Arlington fed more at 2.8 lbs 'as fed' grain per head per day vs. Lakeland which fed less grain 
with an average of 1.8 lbs 'as fed' per head per day. In addition, a very high quality, expensive 
feed mix of com, oats, and soybean oil meal with vitamins, salt, trace minerals, and feed 
medications ($0.18/lb) was used at Arlington, as the heifers were to be re-integrated into the 
experimental herd upon completion of the grazing season. Lakeland used a barley grain 
supplement that was a good deal cheaper ($0.09/lb). Both price and quantity of grain severely 
impacted gross margins at Arlington. 

Pasture Expenses. Differences in pasture costs between the two sites showed up under fence 
trimming and custom bailing. At Arlington, the perimeter fence was well maintained in June and 
July with either hand-held weed wackers or gas-powered trimmers. However, no trimming 
occurred at Lakeland. Ideally, fenceline trimming should be done at least once a season (late 
June) to keep weeds, grass and brush from shorting out the electric fence. More hay was made at 
Arlington compared to Lakeland; hay was made at Arlington in all but 2 years of the trial vs. 
Lakeland, which made hay about half the years. More hay would have been made at Lakeland 
but in 1996 and 1997, plots were renovated due to hoof damage to the wet sod. 

In part, due to these constraints, the gross margins over the last 10 years at Arlington were only 
$64/ac at $0.85 per day and $226/ac at $1.40/day. (See Table 1 and Chart 1). At the higher rate, 
gross margins are comparable to CS4 and CS5. In spite of the low gross margins at 
$0.85/hd/day, the $1.40/hd/day rate results in good returns and good use of the land. 
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Grazing at Lakeland was just as competitive as the other systems on WICST but with a lot less 
overhead. At $0.85/day, gross margins were $143/ac, which is about equal to the gross margins 
of CS4 and CS5 and there was considerably less labor with grazing since the animals do most of 
the harvesting. At $1.40 per day, gross margins were $287/ac (See Table 2 and Chart 2). These 
averages include 1997 when pasture plots were renovated and no grazing occurred. 

·SUMMARY 
Many times research doesn't allow us to exactly adhere to real life farming practices and many 
assumptions have to be made. The .number of days on pasture is one of the key factors that affect 
gross margins in MIG. Full-season grazing has not been done at either site and has severely 
impacted gross margins. Furthermore, the philosophy of feeding grain matches well with the 
confinement herd but not so well for grazing animals. Grain expense at Arlington had a very 
large impact on gross margins and combined with the less-than-ideal number of days on pasture, 
gross margins just covered the variable costs that were incurred. Based on these figures and the 
high land rent in the Arlington area, a farmer would have a hard time justifying a custom heifer 
raising business unless he was getting the $1.40/day rate. At Lakeland, gross margins covered 
the variable costs at either rate. Here, again, grain was the biggest expense but it was much more 
in line with current heifer raising practices as was the days on pasture. Even with the high cost 
of land in the area, a nice profit could be made using MIG. 
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Table 1. Economic spreadsheet for CS6 at Arlington (1993-2002). 

Days on pasture 
Stocking rate (# hd/150 a) 
Heifer income @ $1.40/d 
Heifer income @ $0.85/d 
Additional hay income 

* wgtd avg during put-n-take mgt. 

HEIFER COST 
Labor i 

Salt and minerals • 
Grain m 

Fed hay 
Total Heifer Cost 

PASTURE COST 
Seeding cost iv 

Fertilizer v 

Spraying vi 

Hand Fence Trimming vii 

Custom bailing viii 

Energy Expenses 
Fuel ix 

Electricity x 

Lubrication xi 

Repairs and Maintenance 
Power Unit xii 

Implement xm 

Durable xiv 

Input Interest Exp xv 

Total Pasture Cost 

1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 

137 120 60 127 125 138 134 161 153 163 
429 429 429 390* 373* 389* 392* 215 215 215 

82282 72072 36036 69940 65366 75543 73480 48461 46053 49063 
49957 43758 21879 42463 39687 45865 44613 29423 27961 29788 
3038 18825 10275 0 2949 5355 0 5306 4800 6119 

552 475 258 563 606 668 662 840 824 1013 
1151 1008 504 996 936 1079 1050 692 649 701 

31777 15211 26838 32000 28265 22065 26027 12074 13684 14018 
0 0 0 455 0 6134 0 0 0 0 

33480 16694 27600 34014 29807 29947 27738 13606 15158 15732 

2196 0 2745 1464 1098 
3033 3302 0 2325 0 

0 0 0 0 0 
2000 2000 2000 2000 2000 

910 4896 3077 0 809 

297 840 537 108 165 
25 25 25 25 25 
45 126 81 16 25 

54 154 154 21 36 
124 433 433 72 

2445 
193 

2445 2445 2445 
329 317 321 

11457 14538 11818 

2445 
320 

8725 6868 

0 
0 
0 

2000 
943 

157 
25 
24 

35 
81 

2445 
138 

5848 

0 0 2196 0 
0 4044 0 0 
0 0 0 168 

2000 2000 2000 2400 
0 1595 1437 1325 

194 259 327 302 
25 25 25 25 
29 39 49 45 

53 40 72 67 
108 108 

2445 2445 
143 146 

4997 10700 

163 
2445 

264 
8978 

183 
2445 

666 
7626 

1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 
m/acre at $1.40/day_ 269 398 46 181 211 301 272 196 178 212 

,gm/acre at $0.85/day 54 209 -48 -2 40 103 79 69 57 84 

10-yr avg 

132 
287 

61830 
37539 
5667 

646 
877 

22196 
659 

24378 

970 
1270 

17 
2040 
1499 

319 
25 
48 

69 
171 

2445 
284 

9155 

i) Assume 0.67 hours/day for changing paddocks, veterinary and other task. Used dollar amount per hour from 
USDA - NASS, Lake region for each year 

ii) Assume 2oz/day/head 
iii) Actual amount of grain fed at the price charged for the feed mix - average Arl=$0. l 8/lb and LAC=$0.09/lb 
iv) Actual cost for frost seeding 
v) Actual cost for N fertilizer 
vi) Actual cost for spot spraying 
vii) Actual cost for trimming vegetation along electric fenceline 
viii) Actual cost of custom harvesting a 935 lb (DM) bale, $7/bale 
ix) Assumed cost to run the tractor 
x) Assumed cost to pump water and run the electric fencer 
xi) Assumed cost for lubricants for the tractor 
xii) Assumed depreciation cost for the 6.0 horse tractor 
xiii) Assumed depreciation on the cost of the implements, a 9-foot mower conditioner, a 9-foot, a 9-foot hay rake, a 3 

point hitch broadcast seeder and a 10 -foot utility trailer 
xiv) Include loading chute, shed, and watering system. It also includes 150 acres parcel surrounded by an exterior fence 

that is divided into six paddocks using an interior fence. The exterior fence consists of fire strands of high-tensile 
electric wire and 6-inch x 8-foot treated-wood posts space 40-feet apart. The annual interest and depreciation was 
calculated at 15% over 10 years. The interior is fenced with a single strand of 15-gauge polywire and a plastic 
post every 12 feet. This fence has an initial cost of$500 and was depreciated over 5 years, resulting in an 18% 
annual charge 

xv) Interest charge on inputs for 6 months at 12% 

39 



WI CST 9th tech report 

Table 2. Economic spreadsheet for CS6 at Lakeland Ag. Complex (1992-2002). 

1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 11-}'.r avg 
Days on pasture 167 152 178 154 561 na 96 148 164 158 172 151 
Stocking rate (# hd/150 a) 375 452 375 375 447* 0 328 240* 182 182 182 
Heifer income@ $1.40/d 87675 98910 93450 80850 36177 0 44083 50058 41787 40258 43826 56098 
Heifer income @ $0.85/d 53231 60053 56738 49088 21965 0 26765 35244 25371 24443 26608 34500 
Additional hay income 12227 0 2925 3300 0 0 0 0 3279 1406 2400 2322 

1 animals on pasture for 122 but on plots just 56 days due to sod damage from wet conditions *wgtd avg during put-n-take mgt. 

HEIFER COST 
Labor 594 608 703 663 247 0 469 731 855 837 1038 613 
Salt and minerals 1253 1413 1335 1155 517 0 630 715 597 575 626 801 
Grain 0 7880 0 12359 7788 0 5416 4339 4656 4486 5384 4755 
Fed hay 8613 4824 5942 2756 395 0 0 0 0 0 2912 2313 

Total Heifer Cost 10460 14725 798Q 16932 8948 0 6515 5786 6109 5898 9961 8,483 

PASTURE COST 
Seeding cost 0 3660 0 3294 4034 4928 2745 0 0 1098 0 1796 
Fertilizer 0 3906 0 0 0 0 0 0 0 0 0 355 
Spraying 0 0 0 0 0 10219 0 0 0 0 0 929 
Custom bailing 2409 0 876 988 0 0 0 0 898 427 719 574 
Energy Expenses 

Fuel 473 245 129 421 84 498 162 23 145 183 102 224 
Electricity 25 25 25 25 25 25 25 25 25 25 25 25 
Lubrication 71 37 19 63 13 75 24 4 22 28 115 43 

Repairs and Maintenance 
Power Unit 129 71 28 128 17 100 37 5 23 30 23 54 
Implement 398 183 72 342 0 217 54 0 54 54 54 130 
Durable 2445 2445 2445 2445 2445 2445 2445 2445 2445 2445 2445 2445 

Input Interest Exp 177 529 136 336 331 925 275 125 136 193 133 300 

Total Pasture Cost 6127 11101 3730 8042 6948 19432 5766 2627 3748 4483 3616 6875 

1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 11-:tr av 
m/acre at $1.40/da:t 555 487 564 395 135 -130 212 278 235 209 218 287 

_g_m/acre at $0.85/day 326 228 320 183 40 -130 97 179 125 103 103 143 
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Chart 1 

Arlington CS6 Gross Margins 
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ECONOMIC ANALYSIS OF WICST: GROSS MARGINS AND THE 
IMP ACT OF GOVERNMENT PROGRAMS -1992-2002 

Don Schuster
1
, Josh Posner2, and Janet Hedtcke3 

INTRODUCTION 
To do a complete analysis of cropping systems, we have to look at yields, nutrient 
management/environmental impact and profits. Profitability, or the 'bottom line' is what most 
farmers seem to pay closest attention to. The 2001 and 2002 economic analysis for the 
Wisconsin Integrated Cropping Systems Trials (WICST) adds to the previous years of analysis 
that were initiated in 1992. In addition we have included an analysis of the effect of government 
programs on gross margins in the cash grain systems. 

METHODS 
The economic analysis is based on the concept of gross margins. This concept deducts 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, its quality (in 
the case of alfalfa), and price for the product when harvested. This gross margin equals the 
dollars available to cover the overhead costs of capital, land, labor and management. The way to 
interpret the adequacy of the gross margin is to estimate the amount of dollars needed per acre to 
cover those overhead costs. We would estimate that a cash grain farmer would need 
approximately $35-$40 per acre to cover labor and management, $80 to $140 per acre for rent, 
and approximately $40-$60 per acre to cover the depreciation and interest cost associated with 
machinery and drying facilities owned on the farm. This adds up to approximately $155 to $240 
per acre ( or on average - $200/acre) to be covered by gross margins. 

Changes from Previous Reports 
In the gth WICST Technical Report (1999-2000) it was determined that CS3 had labor 
constraints in both the spring and fall that would make it very difficult to manage from a time 
perspective. In this report, changes have been made to alleviate this problem. For example, to 
lessen the spring workload, more than two rotary hoeings or more than one row cultivation was 
custom hired; to lessen the fall workload, wheat planting was custom hired (see Fig. 9). 

. Other points of interest include: 
1. Commodities prices4 in 2001 were below the trial average price by just over 18% but prices 
were above the trial average in 2002 by just over 2%. The 2002 commodity prices were the 
highest received since 1997 with corn seeing the largest percentage gain. 
2. Labor cost saw the highest increase since the beginning of the trial-jumping by 12% in 2001. 
Overall, labor costs have risen 42% from $5.35/hour in 1992 to $9.28/hour in 2002. 

1 Outreach Specialist - Center for Integrated Agricultural Systems at the UW-Madison. 
2 Professor, UW-Agronomy Dept. · 
3 Research Specialist, UW-Agronomy Dept. 
4 Prices starting in 2002 come from the Dane County Co-op. The WI State Statistical Service no longer compiles 
these prices. 
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Government Payments 
During the course of this trial, farmers have been receiving price support payments under two 
farm bills. The first was The Food, Agriculture, Conservation, and Trade Act of 1990, a.k.a. the 
1990 Farm Bill, which covered the time period from 1990-1995. The 1990 Farm Bill had price 
supports for corn and wheat, but not soybeans. The other farm bill in effect during the WI CST 
trial was The Freedom to Farm Act of 1996, a.k.a. the 1996 Farm Bill, which spanned from 
1996-2002. In past reports, we have ignored these subsidies with the exception of some 
exploratory analysis with Loan Deficiency Payments in 1999. Each year that price supports 
were paid, they have been added to the gross margins. To facilitate the analysis, in this report, 
all government payments have been paid in the same cropping year as the program year. In 
reality, payments are made according to the farm bill protocol and market prices. 

The average county yield was used in payments in cases where USDA assigned yields. For 
Arlington, the county average for corn was 109.5 bu/acre and 43.5 bu/acre for wheat; at 
Lakeland, the county average was 113.2 bu/acre for corn and 42.0 bu/acre for wheat. Only with 
soybeans were farmers allowed to use proven yields. Farmers were paid the deficiency price for 
the commodity times the county-assigned yields (i.e. 109 .5 bu/acre in the case of com at 
Arlington) multiplied by the number of base acres. Table 1 shows the deficiency prices received 
by farmers from 1992 - 2002. 

Table 1. Deficiency paylll~nts under two different farm bills in effect during the trial. 

The 1990 Farm Bill Deficiency Prices. 
Year Corn5 Set-a-side6 

1992 $0.73 5% 
1993 $0.28 10% 
1994 $0.57 0% 
1995 No price supports this year. 

The 1996 Farm Bill Deficiency Prices. 
Year Corn3

•
7 

1996 $0.25079171 
1997 $0.4856721 
1998 $0.56395836 
1999 $0.726 
2000 $0.624 
2001 $0.614 
2002 $0.28 

Wheat3
•
5 

$0.87376813 
$0.63085831 
$0.99222171 
$1.274 
$1.096 
$1.08 
$0.35 

Wheat3 

$0.81 
$1.03 
$0.61 

Set-a-side4 

5% 
10% 
0% 

Soybeans3 

$0 
$0 
$0.14098 

$0.26379 

$0 
$0 
$0.4410 

5 Paid per bushel 
6 Set-a-side is the amount of cropland that a farmer would have to seed down and keep mowed for the year of the 
program. A charge for seeding and mowing was added to cover these costs at $33.77/acre. 
7 Farmers were paid on 85% of planted acres. 
8 Payments for soybeans were paid on proven yields for each system using 1998 - 2001 average yield. The payment 
was received in 1999. 
9 This payment was made in 1999 but could have been for the 1997, 98 or 99 crop year. The highest numbers of 
acres of soybeans in a particular year determined the year of payment. 
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RESULTS 
Cash Grain Systems 
Gros~ margins in the grain systems were at or below the long-term trial average in both years at 
both sites. In 200 I, low commodity prices help to explain the modest returns, and in 2002, a dry 
growing season, especially at Lakeland, adversely affected yields, resulting in modest returns -
although commodity prices were higher. 

Arlington GM without price supports (see Fig 1). Gross margins for all the grain systems at 
Arlington in 2001 were below the overall average -CSI was down 3%, CS2 was down 13%, and 
CS3 was down 37%. Soybeans had the lowest price in the trial history at $4.03/bu. With 
improved commodity prices in 2002, gross margins for CS I and CS2 were above the I I-year 
average by 35% and 4%, respectively. CS3 was below the overall average by 15%. Overall the 
years, CS2 (the no-till com-soybean system) has been the most profitable grain system. 

Lakeland GM without price supports (see Fig 2). Gross margins at Lakeland in 2001 were on 
average a dismal 83% below the trial average, with CSI responsible for most of the decline with 
a 200% reduction. Both CS2 and CS3 were down as well by 53 and 59%, respectively. A wet 
spring and ineffective weed control which led to poor yields, coupled with low prices, severely 
impacted gross margins for Lakeland in 200 I. In 2002, gross margins were again very low due 
to extremely dry weather from June through August, poor weed control, and resultant poor 
yields. 

Arlington GM with price supports (see Fig 3 and 4). Under the 1990 Farm Bill, (averaging 
the years 1992-1995) Arlington's CS I received almost twice as much in price support at 
$35.98/acre than CS2 at $17.58/acre, and CS3 at $19.11/acre (see Fig. 3 and Table 2). During 
this farm bill, soybeans were not subsidized thus any system with soybeans saw a reduction in 
gross margins vs. continuous com.· Also of interest is that even with no prices support given in 
1995, each system had its highest gross margin of the trial. With the price supports under the 
1990 Farm Bill, all three grain systems had about the same gross margins (Table 2). 

Under the 1996 Farm Bill, (averaging over 1996-2002) Arlington's CS 1, $47.13/acre, again 
received almost twice as much in price support as CS2, $26.64/acre and CS3, $28.21/acre (see 
Fig. 4 and Table 2). Soybeans were only subsidized for 2 years out of 7 under the 1996 Farm 
Bill. Under both farm programs, it was more profitable for farmers to grow more com. 

Lakeland GM with price supports (see Figs 5 and 6). Under the 1990 Farm Bill, CS 1 received 
$40.07/acre in government payments, over twice as much in price support than CS2, $19.22/acre, 
and CS3, $19.41/acre (see Fig. 5 and Table 2). However, CS2 was most profitable. 

Under the 1996 Farm Bill, CSl received a little more per acre in government payments than 
under the 1990 Farm Bill at $48.71/acre. However, government payments on CSI were a 
staggering 62% of the gross margins (Table 2). CS2 and CS3 also faired better under the 1996 
Farm bill vs. the 1990 Farm Bill by $8.04/acre and $8.89/acre respectively (see Table 2 and Fig. 

10 Farmers were paid on 78% of planted acres. 
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6). However, as was the case at Arlington, both government programs paid farmers more per 
acre for growing continuous com than growing corn in a rotation. 

Forage Systems 
Arlington. Forage production was excellent in both years and with both systems. This resulted 
in above average gross margins for both CS4 and CS5 (see Fig. 7). Over the course of the trial, 
CS4, on average, has done just over 6% better then CS5 or $16.27 /acre. That would to compute 
to $2400 of extra income per year under the assumptions that are laid out for this trial. The trial 
average for both systems was around $250/acre at Arlington. 

Lakeland. Forage production in the high input alfalfa system (CS4) was very poor in both 2001 
and 2002 resulting in very low gross margins (see Fig. 8). Poor management due to the transfer 
of responsibility from the farm manager to an NGO is partly to blame for this situation. 
However, the low input forage system (CS5) fared much better than the high input system 
suggesting that it is more robust to poor timing of operations on these heavy soils. Over the 
course of the trial, CS 5, on average, has done almost 7% better than CS4 or $10. 7 6/ acre. That 
would compute to just over $1600 of extra income per year under the assumptions that are laid 
out for this trail. The trial average for both systems was below $150/acre in gross margins. 

Labor on CS3. With the adjustments made with custorp. hire, most all of the tasks for CS3 can 
be completed in a nine hour day or less. The one exception is early May when a few 12 hour 
days are needed when planting and mechanical tillage of com and beans over lap. (See Fig 9). 

SUMMARY 
Comparison of the cash grain systems shows CS2 to be the dominant systems in terms of highest 
gross margins. When adding government payments, CS2 still has better gross margins than CS 1 
and CS3. Adding the government payments under the 1990 Farm Bill helped growers reach the 
$200 break-even point in gross margins for all three systems at Arlington but only CS2 at 
Lakeland (see Table 2). The 1996 Farm Bill only reached the break-even mark in CS1 and CS2, 
at Arlington only. Farmers lost money on an organic 3-crop system on either soil type under the 
1996 Farm Bill. Under both farm bills, there was significant advantage to continuous corn 
production but rotating with soybeans was ultimately the best option financially. 
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Table 2. Average gross margins with government payments 1992-1995 under 1990 Farm Bill 
and 1996-2002 under 1996 Farm Bill on the WICST plots. Percentage of gross margin from 
government payments in parenthesis 

Arlington 
C-C-C 
C-Sb-C-Sb 
C-Sb-W/rcl 

Lakeland 
C-C-C 
C-Sb-C-Sb 
C-Sb-W/rcl 

1990 Farm Bill 1996 Farm Bill 
-------------------------$/ a ere-----------------------------

199.41 (18%) 
201.60 (09%) 
197.95 (10%) 

172.32 (23%) 
208.07 (09%) 
190.72 (10%) 
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Fig. 1. Gross Margins without government payments - CS 1, CS2 and CS3, Arlington 
Agricultural Research Station 
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Fig. 2. Gross Margins without government payments -CS1, CS2 and CS3, Lakeland 
Agricultural Complex 
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Fig. 3. Gross Margins 1992-1995 Arlington, under the 1990 Farm Bill 
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Fig. 4. Gross Margins 1996-2002 Arlington, under the 1996 Farm Bill 
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Fig. 5. Gross Margins 1992-1995 Lakeland, under the 1990 Farm Bill 
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Fig. 6. Gross Margins 1996-2002 Lakeland, under the 1996 Farm Bill 
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Fig. 7. Gross Margins - CS4 and CS5, Arlington Agricultural Research Station 
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Fig. 8. Gross Margins - CS4 and CS5, Lakeland Agricultural Complex 
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Fig. 9. Labor flow analysis on CS3 using custom hire for some mechanical tillage and wheat 

planting. 
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LEACHING OF AGRICULTURAL CHEMICALS TO TILE DRAINS ON 
WICSTTRIAL 

Mike Hanke1, David Perry1, Sam Kung1, Jim Stute2
, Josh Posner3

, and Gary Bubenzer1 

INTRODUCTION 

Agriculture has a large impact on the water resources of the nation. In a recent national survey 
of 17% of rivers in the US, it was found that one-third were "impaired". Agricultural sediments 
and chemicals were the primary cause in 60% of these cases (USDA, 1997). Looking 
specifically at nitrogen, it is estimated that nearly 40% of the nitrogen in the Mississippi River 
that causes hypoxia in the Gulf of Mexico ( oxygen depletion that kills shell fish), comes from the 
Upper Basin, which represents only 15% of the entire watershed (Alexander et al.,1995). The 
goal in this leaching study was two fold: 1) to understand the potential for leaching of 
agricultural chemicals on a productive silt-loam soil; and 2) to see if improved farming practices 
would reduce nitrate leaching to tile drains. 

METHODS 

At the Walworth County Farm, tiles drains were installed on the somewhat poorly drained 
(Griswold and Pella silt-loams) soils in the 1970's. In 1997, the tiles on the satellite blocks of 
the WICST trial were modified and man-holes dug and instrumented allowing independent 
monitoring of the individual tiles under different farming systems. 

•1999 tracer study. An irrigation tent was built and used to apply water to the plots over the tile 
drain. Once flow had begun in the tile, a chemical not common in agricultural systems (like 
bromide) was added so that its movement could be easily traced through the soil and out of the 
tile drain. 

•2001 nitrate leaching study. Monitoring of flow rates and nitrate loading in the drains under 
the no-till com soybean rotation and "chem-lite" com-soybean-wheat/red clover system was 
conducted. 

RESULTS 

Tracer study: Figure 1 is a graph of the breakthrough times for tracer chemicals when added 
under different irrigation rates. In both cases irrigation had begun several days earlier and the 
tiles were already flowing. In the first case under a heavy rainfall scenario of 0.12 in/hour (2.9 
in/24 hr) the tracer was in the drains within 16 minutes, and 10% of the product was in the tiles 
in 18 hours. Under a mild rainfall scenario of 0.035 in/hr (0.85 in/24 hr), the tracer was in the 
drains within 4 days, and it took nearly 8 days for 10% of the tracer to leach through the profile 
to the tiles. 

1 Graduate students and Professors, respectively, UW-Madison, Soil Science Dept. 
2 Agronomist, Michael Fields Ag. Institute 
3 Professor, UW-Madison, Agronomy Dept. 
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Fig. 1. Breakthrough times for tracer chemicals when added under different irrigation rates 
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Nitrate Leaching study: Figure 2 is a histogram that shows the amount of nitrate that leached to 
the tiles during each month of tile flow in 2001. Two things are obvious in this figure: 1) most 
of the leaching took place in the spring ( especially in June which received 6.28 inches of rainfall) 
and that more nitrate leached from the no-till com and soybean plots (113 lbs/a) than the chem
lite com- soybean-wheat/red clover rotation (66 lb/a). 

Fig. 2. Amount of nitrate that leached to the tiles during each month of the tile flow in 2001 
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Heavy spring rains that coincide with the application of agricultural chemicals are not an 
exception in Wisconsin. The sum of the final three "bars" in Figure 3 indicate that 25% of the 
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time, total rainfall in June will be 6 inches or greater. Under these conditions, the tiles will most 
likely flow and chemicals can move out of agricultural fields and into streams and lakes. 

For the tracer to reach the tiles in 16 minutes under the heavy rainfall conditions (2.9 in/day), 
most of that water was moving by preferential flow to the tile lines and bypassing the tortuous 
soil matrix. Apparently these heavy agricultural soils have channels that can carry water ( and 
chemicals) to the tiles very quickly once the whole profile is wet. Under the lower rainfall 
conditions (0.85 in/day) the water and tracer traveled by much smaller channels and took a good 
deal longer to arrive at the tiles. 

Fig. 3. June precipitation frequency over last 100 years in Wisconsin. 
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Nitrogen losses were higher than expected, especially considering that wet weather prevented the 
application of side dressed N to the corn in either rotation. The N leached to the tiles was from 
residual nitrogen added the previous year, soybean stover and green manure decomposition in 
the spring, and annual mineralization ofN from the soil organic matter. In addition to higher soil 
N-levels in the com-soybean rotation, more water leached through this system than in the "chem
lite" rotation. Probably due to the rapidly growing wheat phase in the chem-lite rotation, only 
32% of the incoming spring rains (April-June) leached through the profile, while in the slowly 
emerging no-till com-soybean rotation, 42% of the rainfall leached through the soil to the tiles. 
It appears that in wet years, even without adding nitrogen fertilizer, significant amounts of N can 
be lost from the field. · 

CONCLUSIONS 
Due to preferential flow patterns and generally high nitrogen levels in fields, significant amounts 
of agricultural inputs can be lost from cropping systems on silt loam soils to tile drains during a 
"wet" spring. Nitrogen losses under the "chem-lite" system were, however, substantially lower 
than the no-till com-soybean rotation. 
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COUPLING OF H+ AND N CYCLES IN SEVERAL COMMON 
AGROECOSYSTEMS OF MIDWESTERN UNITED STATES 

Mauricio Avila-Segura 1, Phillip Barak2
, Joshua L. Posner3 and David A. Laird4 

ABSTRACT 

In modem agroecosystems, soil acidification and loss of cations results mainly from two sources: 
1) nitrification of excess ammoniacal nitrogen inputs coupled with leaching of excess nitrate 
which carries base cations, primarily Ca2+ and Mg2\ and, 2) differential crop uptake of cations 
versus anions. After long periods, loss of cations by leaching and loss of CEC due to 
acidification can significantly reduce the pool of exchangeable base cations in the soil. 

INTRODUCTION 

Since 1989, the Wisconsin Integrat~d Cropping Systems Trial (WICST) has conducted soil and 
plant analyses and archived soil samples from experimental plots·managed under cropping 
systems common to the upper Midwest. This trial represents a prime opportunity for studying the 
coupling ofN and H+ cycles and to evaluate the acidification potential of common 
agroecosystems of this area. Soil acidification potential and leaching of basic cations may be 
considered as fingerprints of the long-term effects of agroecosystems on soil chemical properties. 

Under Best Management Practices, agricultural systems are optimized for yield while limiting 
nutrient losses by leaching and erosion. These losses, particularly of nitrogen are important from 
an economic standpoip.t, but they can also be considered as "slow leaks" because they cause the· 
leaching of cations and the general acidification of the soil. Because of the intimate link between 
the N and H+ cycles, production and consumption of protons in agroecosystems is a parameter 
that can be monitored and indicates the acidification potential of the cropping system. To some 
extent, agroecosystems can be fine-tuned to minimize soil acidification and the loss of cations 
through N03 - leaching. 

Production of FI' during nitrification of organic and reduced inorganic nitrogen: 

Much of the success of modem agriculture is due to increased and improved nitrogen 
fertilization. Nitrogen is applied mainly in the chemically reduced form which, upon biological 
oxidation (nitrification), generates and releases acidity (free protons; Ir) into the soil. The acid
forming nature ofN fertilizers was firmly established by the pioneering work of W.H. Pierre in 
the late 1920's and early 1930's (Pierre, 1928). 

1 Graduate student, UW-Madison, Soils Dept. 
2 Professor, UW-Madison, Soils Dept. 
3 Professor, UW-Madison, Agronomy Dept. 
4 USDA-National Soil Tilth Lab, Ames, IA 
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The following reactions are common examples of how nitrification generates acidity: 

NH4N03 + 2 02 

(NH2)2CO + 4 02 
NH3 +202 

--> 2H++2N03-+H20 

--> 2 H+ + 2 N03 - + H20 + CO2 
==> . H+ + N03-+ H20 

Ammonium nitrate 

Urea 
Ammonia 

For ammonium nitrate, urea, and anhydrous ammonia, the "big three" N fertilizers used in the 
US, proton production is stoichiometrically equal to nitrate production. Finally, ifN is supplied 
as organic N (including manures) or biologically fixed N (mostly by legumes), for every mole of 
N03- leached out of the root zone, there is one mole ofH+ left in the soil, which induces 
acidification. 

Cation-anion uptake balance in crops: 

Nutrient cations taken up (Ca2+, Mg2+, K+, NH/) maintain their oxidation state while some 
anions (N03- and so/-) are reduced by plants and microorganisms to form organic compounds. 
Reduction processes require protons generated by plant synthesis, and deprotonation, of organic 
acids. Examples of these reduction processes are: 

R·OH+N03- + H+ > 
ROH+ so/-+ 2H+ ==> 

RNH2+202 
R·SH + 312H20 + 7/402 

Nitrate reduction and assimilation 
Sulfate reduction and assimilation 

When plant uptake of one type of charge exceeds the other, the plant maintains electroneutrality 
by excreting acidity or alkalinity, thus acidifying or alkalinizing the rhizosph<:!re. The type of 
charge excreted by crops is mainly controlled by the form of nitrogen (N~ + or N03-) on which 
the plants feed. For example, in the case of legumes, because N is directly fixed from the 
atmosphere, the uptake of cations is normaHy much higher than the uptake of anions. This 
imbalance in nutrient uptake forces the plant to excrete protons into the rhizosphere, thus 
inducing soil acidification. 

Project Objectives: 

• Estimate the acidification potential of continuous corn (CSl), corn/soybean (CS2), and 
corn/alfalfa (CS4) cropping systems in Midwestern US. 

• Establish the link between changes in soil pH and exchangeable cations and the coupling 
of N and H+ cycling in these cropping systems. 
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MATERIALS & METHODS 

Soil and plant tissue sampling and analyses: 

Soil samples used in this project are those obtained from the archives of the fall deep fertility 
sampling as described in the WI CST soil sampling protocol. The depths of sampling are 0-15, 
15-30, 30-60, and 60-90 cm deep. The soil analyses performed were: exchangeable cations and 
effective cation exchange capacity (ECEC) by the method of Gilman and Sumpter (1986) and 
soil pH (in H20 1:10 and in 10 mM CaCh 1 :10). 

From 1998 through 2002, com samples were taken at maturity by harvesting 10 whole plants 
using a random pattern in the inner 12 rows of the plot (24 rows/plot). Plants were cut at soil 
level, dried at 60 °C, and the dry weight of the tissues (stalks, leaves+ husks, cobs, and grain) 
recorded. Soybeans were also sampled by harvesting 20 whole plants in a random pattern in the 
inner 30 feet of the 60-foot wide plots. Plants were cut at soil level and dried, at which point the 
grain and the straw were separated and weighed. The ratio of dry weight of grain to other tissue 
(harvest index) was used to estimate total above ground biomass by extrapolation based on the 
grain yield (WICST annual reports) for a given plot in a given year. Records of total dry matter 
yields and nutrient content of the alfalfa cuttings are available from the WICST files since 1998. 

After drying, the plant material sampled was ground and sent to the Soil and Plant Analysis Lab 
(SPAL) for total elemental analysis (i.e., Ca, Mg, K, Na, total N, total S, and P). Soluble so/-, 
~+, and N03-were also measured in some samples in order to estimate accumulation of 
anions in the tissue. These data were used for estimating the cation/anion balance of the crop. 

Acidity budget based on plant tissue analysis and inputs data: 

a) Acidity inputs from atmosphere, manures, N2 fixation, and N fertilizers 

Data on atmospheric deposition was obtained from measuring stations of the National 
Atmospheric Deposition Program near Arlington. Manure application rates on the forage rotation 
(CS4) and N content data were obtained from the WICST Trial annual reports. The contribution 
ofN2 fixation by alfalfa to com N inputs was based on the N credit data used by the WI CST 
Trial. We also assumed that the alfalfa crop fixed about 80% of the total N present in the 
aboveground tissue. This assumption will undergo more detailed inspection in our final report. 
The WI CST Trial annual reports provided data on the amount and type of fertilizer applied on 
continuous com (CSl) and the no-till com soybean rotation (CS2). For crops following com or 
soybean we assumed 45 kg ha-1 of available N contributed by the stover/straw plus soil organic 
matter (SOM) mineralization (Barak et al., 1997). 
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Acidity inputs to agricultural systems are primarily due to chemically reduced-N inputs plus 
minor quantities from chemically reduced sulfur (Helyar, 1976; Johnston et al., 1986; Bolan et 
al., 1991; Barak et al., 1997). Therefore, the focus of the proposed acidity budget is on the 
reduced-N inputs and their potential for nitrification and N03- leaching. Acidity inputs due to N 
can be compartmentalized into biological N2 fixation by the legume phases of the crop rotation, 
manure applications, chemically reduced-N fertilizers (urea, ammonia, and NI-4N03), soil N 
mineralization, and atmospheric NOx deposition. Nitrogen rates are converted from kg ha-1 to 
kmolc ha-1 and then to kilo-moles of potential acidity assuming that one mole of chemically 
reduced-N from any of these N sources generates one mole of H+ through nitrification. 

b) Crop acidification or alkalinization properties 

The mineral composition of the tissues was converted from percentages (N, Ca, Mg, K) and mg 
kg-1 (P, N03-, NI-4 +) to mole kg-1 of tissue and to kmolc ha- based on the grain, or hay yields of 
each crop. 

In these calculations, several assumptions are made about the nutrients present in the tissue and 
the form in which they were taken up by the crop. We assumed that organic-N and N03--N as 
well as organic Sand so/--S in the tissue are taken up in the form ofN03-from the soil. 
Phosphorus in the plant is considered as H2P04- and the uptake is assumed to be in this same 
form since the pH of these soils is between -6 and - 7. Calcium, Mg, K and NH4 + in the tissue 
are taken up by the plant in their cationic form and comprise the majority of the positive charge 
absorbed by the plant. 

Following van Beusichem et al. (1988) and Barak et al. (1997), several quantities were 
calculated for each crop: a) the total amounts of cation uptake and cation accumulation (these 
two quantities are considered equal because nutrient cations maintain their oxidation state upon 
assimilation); b) the total anion uptake which is the sum ofH2P04-, N03- and so/- in the tissue 
plus organic-N and -S assumed to be taken up as N03- and so/-; c) the organic anion 
accumulation, which is the amount of negative charge generated by the plant in order to balance 
the charges of cations with that of the anions in the tissue; d) the anion assimilation, calculated as 
the difference between total plant N, S, and P minus total P, N03--N and so/--S in the tissue; 
and e) the excess cation or anion uptake, calculated as the difference between the anion 
assimilation and the organic anion accumulation. 

The excess cation or anion uptake is a crop-specific variable used in the acidity budget of the 
cropping system and is the contribution of the crop to the acidification or alkalinization of the 
rhizosphere. Excess cation uptake induces acidification of the rhizosphere, while excess anion 
uptake induces alkalinization. 

c) Closing of the Acidity Budget 

The "balance sheet" of the acidity budget for a cropping system is based on the soil acidity 
neutralized by the crops throughout the rotation, and the alkalinity and acidity inputs from all 
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sources previously discussed. The alkalinity excreted by the crop is subtracted from the net 
acidity inputs (acidity minus alkalinity of the inputs) and the net potential acidity input of the 
cropping system is obtained. This value is highly dependent on the amount ofN entering the 
soil-plant system in the form of chemically reduced-N fertilizers or fixed by legumes. 

It is important to bear in mind that this acidity is realized only when an equivalent amount of 
N03- is not taken up by the plants and leached out of the root zone. This figure can also be 
expressed as the effective calcium carbonate (in kg ha-1 yr-1

) necessary for neutralizing the 
acidity pumped into the soil by the cropping system. The effective calcium carbonate is 
ultimately the most useful figure because it has direct practical applications as a long-term 
management tool for preventing soil acidification and replenishing base cations (Ca and Mg). 

RESULTS AND DISCUSSION 

Figure 1 shows the potential acidity production (residual acidity) by three different cropping 
systems studied. The net acidity produced by a cropping system is important because it is the 
acidity not neutralized by the alkalinity excreted by the crop. Such acidity is, either, neutralized 
through the addition of agricultural lime (aglime), or accumulated in the soil and/or dissipated by 
reactions with soil constituents. 
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Figure 1. Average annual acidification potential of continuous corn (CSl), corn/soybean (CS2), and 
alfalfa/corn rotation (CS4) on the WICST plots at Arlington (1998-2001) 

1. Acidity inputs are computed as the potential acidity generated by chemically reduced N and S inputs. 
2. Excreted alkalinity is calculated as cation uptake minus anion uptake. 
3. Residual acidity is the difference between acidity inputs and excreted alkalinity 

• For continuous com (CSI), the average acidity from N inputs totals -15 kmolc ha-1 yr-1 

ofwhich-8 kmolc ha-1 yr-1 are removed through grain harvest. This leaves -7 kmolc ha-1 
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yr-1 to be neutralized by other means (i.e., liming). Therefore, CSl requires -350 kg ha-1 

yr-1 of effective calcium carbonate. 

• For corn/alfalfa (CS4), the average acidity input is -8 kmolc ha-1 yr-1 with-2 kmolc ha-1 

yr-1 removed by the com and alfalfa harvests. This leaves -6 kmolc ha-1 yr-1 of net 
acidity to be neutralized by liming which is equivalent to -300 kg ha-1 yr-1 of effective 
calcium carbonate for acidity amelioration. Cropping system 4 seems to excrete little or 
no alkalinity during the alfalfa phases of the rotation ( data not shown). This is because 
the alfalfa extracts large amounts of cations (see below, Figure 2) and thus pumps little 
alkalinity into the soil leaving behind a significant amount of acidity generated by the 
nitrification of chemically reduced N inputs. Despite the fact that CS4 has reduced acidity 
inputs in the form of N fertilization, the net acidity is quite high because little acidity 
seems to be neutralized by the crop. However, this neutralization of acidity is intimately 
related to the extent ofN03- uptake by the alfalfa phases of the rotation. The data 
presented here assume that 80% of the Nin the alfalfa is derived from N03- uptake while 
the rest comes from N fixation. More work is underway to better define this issue. 

• Finally, corn/soybean (CS2) has an average acidity input of-7 kmolc ha-1 yr-1 with-5 
kmolc ha-I yr-1 neutralized by the crop. This rather balanced condition between acidity 
inputs and crop derived alkalinity leaves -2 kmolc ha-I yr-1 of acidity to be neutralized 
through liming (-100 kg ha-1 yr-1 of effective calcium carbonate). Cropping system 2 
neutralizes acidity through the harvest of com and soybean grain thus leaving very little 
residual acidity in the soil at the end of a complete rotation. 

The previous discussion assumes that the potential acidity of the different rotations derives 
mainly from their nitrogen inputs and neglects the potential alkalinity present in the alfalfa stand 
or the manure added to CS4. A more conservative estimate would indicate that at least 25% of 
legume and manure acidity is neutralized by alkalinity from the material itself. In such case, the 
net potential acidity of the corn/alfalfa rotation is reduced in half. This is clearly an area that 
needs more detailed analysis. 
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Figure 2. Average annual cation fluxes in CS1, CS2, and CS4 at WICST 
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In these cropping systems, the harvest of com grain significantly contributes to ameliorating 
acidification while harvesting the stover affects mostly the long-term accumulation or depletion 
of soil organic matter. Harvesting the stover also plays a significant role in the extraction of other 
soil nutrients such as Ca, Mg, K, S, and P. Cropping systems 1 ( continuous com) and 2 
(com/soybean) extract relatively small quantities of cations from the soil (<2 kmolc ha-1 yr-1 and 
>2 kmolc ha-1 yr-1 respectively). On the other hand, CS4 extracts -11 kmolc ha-1 yr-1 which is 
mostly due to the high concentration of cations in the alfalfa tissue. 

For most plots, regardless of cropping system, declines of-0.3 pH units can be observed over 7 
to 9 year periods (Table 1). Oscillations in pH data obscure attempts to match the acidification 
expected on the basis of the acidity budgets previously discussed. The data on exchangeable 
cations indicate no appreciable trend for these cropping systems between 1990 and 1999, which 
is not unexpected due to the modest pH decline observed. The soil data imply that best 
management practices help maintain high productivity with minimal net acidification and loss of 
exchangeable cations (mostly Ca2

+ and Mg2l. However, the long-term nature of soil 
acidification and loss of nutrients limits the predictive value of these results. 

Year Cropping Sum Exch. Cations (cmolc/kg) pH (H20 1:10) 
System rca, Mg, K, Na] 

Plot# 7 109 204 306 412 109 204 306 412 

90 1 14.57 17.11 15.19 15.75 6.96 6.68 6.70 6.85 

96 1 15.10 14.65 16.25 6.75 6.61 6.61 

97 1 14.54 16.73 14.95 16.61 6.88 6.59 6.74 6.79 

98 1 14.85 16.63 13.95 15.85 6.79 6.42 6.67 6.57 

99 1 14.83 16.12 14.90 16.28 6.66 6.17 6.41 6.48 

Plot# 7 105 203 308 406 105 203 308 406 

92 4 15.10 15.89 16.25 17.88 7.02 6.57 6.83 6.72 

97 4 15.36 15.82 16.27 17.60 6.91 6.73 6.79 6.66 

98 4 14.84 15.75 16.48 17.68 6.86 6.64 6.67 6.47 

99 4 15.31 16.08 16.71 18.04 6.70 6.55 6.67 6.45 

Plot# 7 108 206 310 408 108 206 310 408 

91 2 14.43 18.99 14.53 15.94 6.97 6.42 6.78 6.69 

97 2 13.55 18.52 14.28 16.13 6.81 6.63 6.81 6.00 

98 2 13.51 16.44 14.52 16.02 7.03 6.51 6.71 6.69 

99 2 13.50 18.63 14.68 15.42 6.66 6.24 6.58 6.39 

Table 1. Exchangeable cations and pH for cropping systems 1, 4, and 2 at the WICST. 

Furthermore, other studies in the area over longer periods of time have shown significant 
decreases in soil pH and exchangeable base cations. Therefore, more time, perhaps 20 years or 
more, might be required for the fluxes of acidity estimated in this research to play themselves out 
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in measurable soil changes. Our future work on this project will focus on assessing the alkalinity 
of organic N sources (legumes and manure) and the contribution of alfalfa and soybeans to N03-

uptake. This line of inquiry will improve our understanding of how the cycling of nitrogen and 
cations affects acidity fluxes in these agroecosystems. 

SUMMARY 

According to the results obtained thus far, the potential for soil acidification under continuous 
corn, com/soybean, and com/alfalfa rotations is a function of three main variables: a) the rate of 
chemically reduced N inputs; either as fertilizer, manure,' or by biologically fixed N; b) the 
effectiveness of the crops to utilize such N inputs; and c) the extraction of cations by the crop. 

In general, high rates ofN removal by the crop help prevent soil acidification generated by 
nitrification of chemically reduced N. However, for crops with high rates of cation removal (i.e., 
alfalfa), N recovery alone is not enough in order to prevent soil acidification. In such cases, the 
residual acidity from N inputs must be neutralized through liming. 

The preliminary results show annual lime requirements of-350, 300 and 100 kg ha-1 of effective 
calcium carbonate for continuous com, com alfalfa, and corn soybean, respectively. When 
adjusted for the neutralization index of the liming material used, these values can be used for 
estimating liming needs in multiyear periods that fit different management strategies. 
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CASH GRAIN CROPPING SYSTEM IMPACT ON WEED POPULATIONS 
PROCESSES, 2002 

Ed Luschei 
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University of Wisconsin Madison, 1575 Linden Drive., Madison, WI 53706. 

INTRODUCTION 

One of the major concerns over reducing the chemical inputs to a cropping system is whether 
the new system is going to be able to control weed populations. Traditional methods in the study 
of the effect the cropping systems on weed populations introduce cropping systems over existing 
seed banks in random fashion and take measurements of system performance ( seedling counts or 
seed bank cores). Perhaps the greatest inferential weakness of this sort of study is the inability to 
quantitatively estimate seedbank size or seedling recruitment because the initial seed pool in 
each block in unknown. Furthermore, attempts to estimate seedbank size with sampling 
procedures typically produce imprecise estimates that are larger than any cropping-system-based 
effects, thus greatly reducing the power of statistical tests designed to detect differences. 

In order to overcome the above mentioned challenges and take advantage of the long-term 
nature of the WICST trials, we conducted two separate weed seedbank studies in CS1 
(continuous com), CS2 (no-till com and soybeans) and CS3 (organic com-soybean-wheat/red
clover). In study #1, the burial study, we examined the germination and decay of seeds planted 
into. the cropping systems in mesh bags. In study #2, the survival/establishment study, we 
planted counted numbers of weed seed and monitored how many were "recruited" through the 
set of all cropping system factors that might affect germination and seedling survival. 

MATERIALS AND METHODS 

Burial Study 

Seed were collected in the Fall of 2001 on the Arlington Research Station. The seed were 
cleaned and placed into finely meshed plastic bags at a rate of 100 seeds per bag. The seeds were 
subsequently buried in late Fall of 2001 at 8 locations (sub-replicates) within each replicate of 
the com phases of CSl-3. Each species at each 
location was buried at 10cm, 2cm and on the surface. 
The protocol for this bagging study was designed by a 
regional research group, NC-202, studying weed 
dynamics across the com-belt, adapted to the block 
design of the WI CST trial. 

The exhumed bags were opened and seeds were 
examined under a dissecting microscope. Seed were 
classified into two groups: "apparently viable" and 
"germinated/decayed". The apparently viable seed 
were placed in a germination cabinet on moist filter 
paper on a 16:8 hr, 15:25 C photo-thermal cycle. Seeds germinating were 
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classified as "readily germinable" while those intact seeds not germinating were termed 
"viable/dormant". The seeds examined in this study were: Wild Proso Millet (Panicum 
milleacium), Common Lambsquarters (Chenopodium album), Giant foxtail (Setaria faberi), 
Yellow Foxtail (Setaria lutescens) and Velvetleaf (Abutilon theophrasti). 

Survival Study 

One method of overcoming the problem of background seedbanks is to enclose an introduced 
sample in a bag (as in the burial study). Obviously this makes it impossible to study emergence 
and the survival of seedlings. Without the bag, it is not possible to distinguish a planted seed 
from a "background" seed that was not planted. Some researchers --
have opted to use very large number of introduced seed in order to 
overwhelm background variability, but this method can cause lasting 
effects and irritate crop managers. One objective of the seedling 
recruitment study was to examine the feasibility of an alternative 
method, in which seeds were introduced in a thin line. The logic 
behind "spiking" seeds in a thin line is to limit the impact of the study 
because even at high densities, the total number of seeds introduced is 
limited by the "thinness" of the line. 

Seeds of 10 species ·were chosen and a set number of each species was counted (150-250 
depending on initial germination rate of the seed lots). Each replicate thus received identical 
numbers of seed of each species. After crop planting each artificial "community" was seeded 
into a furrow perpendicular to the direction of the crop row. Fluorescent paint was applied to the 
soil surface next to the furrow to make for easy relocation. The paint also allowed us to gauge 
how far tillage operations might move soil. Additionally, every third transect was an unseeded 
control. The use of a "control" allowed us to see what weeds might be present in the background. 
There were two blocks of replicates within each of the four WI CST replicates for each cropping 
system. These two block were composed of three line transects. Each line contained one control 
and two sub-sub-replicates (containing all of the 10 species). At five times during the growing 
season (4 during seedling establishment and 1 in September) any weeds emerging on or near the 
seeded transects were counted. 

RESULTS AND DISCUSSION 

Burial Study 
The mean percentage of seed meeting each fate is shown below in Figures 1, 3._5, The effect of 

burial depth on seed fate has been well studied for many weed species and the results of these 
investigations are fairly intuitive. Weed seeds, like crop seeds, like a "good" seed bed: relatively 
shallow burial, enough moisture and aeration, good seed-soil contact. Unfortunately the 
variation within systems and depth classes is substantial ( data not shown) making conclusions 
about the effect of depth uncertain ( either the design was insufficiently precise to detect an effect 
or there was no effect). There also appears to be a 
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Common Lambsquarters, Chenopodium album 
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Figure 1: Fate of Common Lambsquarters seeds from Nov 2001 -May 2002 

trend wherein higher inputs systems are associated with higher levels of in-situ germination 
and/or decay, but again, if the trend exists, it was not significant in the statistical sense because 
of the variability of the individual experimental units. 
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Figure 2: Approximate Population Half-life resulting from a given 
proportion of seed remaining dormant/viable with 100% mortality of weed 
seedlings. 
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Of note, generally between 10 and 40% of the seed bank "committed" to germinating, 
regardless of species. Another large fraction, 30-40% for lambsquarters, velvetleaf and giant 
foxtail, and about 20% for wild proso millet, entered a state in which seeds might well have 
germinated (they responded to the "ideal" conditions of the lab germination tests). Giant foxtail 
and lambquarters had a relatively small fraction (15-30%) of seeds that could not be coaxed into 
germinating. Velvetleaf had roughly 30% of seeds in this category, while wild proso millet had 
40-60% mid-season dormancy. These numbers, as 
imprecise as they admittedly are, give a sense for the 
potential longevity of the seed bank under aggressive 
management. With 100% seedling mortality, 20% 
retention of seeds (i.e. 20% seeds remrumng 
viable/dormant) would give a species a seedbank half-life 
of less than a half-year. In general the relationship 
between the dormant fraction and half-life is shown 
above in Figure 2. 

Seedling Recruitment Study 

The seedling recruitment study demonstrated that situations involving substantial soil 
disturbance, such as cropping system CS3 which involved 3 passes with the rotary hoe in 2002, 
were not suitable for the "seeded transect" methodology. The results from the cropping systems 
with less soil disturbance, CS 1 and CS2, provided an interesting picture of the effectiveness of 
weed management procedures currently in place. 
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Velvetleaf: Abutilon theophrasti 
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Figure 4: Fate ofvelvetleaf seeds 11/01-5/02 

CS2 received 3 separate herbicide applications in 2002, a preemergence Dual II Magnum 
application, a burndown Roundup application and a postemergence treatment with Callisto. CS1 
received the first and third applications. In terms of a fraction of initial seed introduced, the sum 
of all weed control efforts resulted in > 95% of seed failing to reach adulthood, and in almost all 
cases >99% failed. The lone exception was shattercane, which is relatively tolerant to Callisto. 
The average adult shattercane recruitment was approximately 6% but recruitment reached 15% 
in some cases. Some of these escapes would have produced substantial numbers of seed if they 
were not removed by workers prior to seed abscission. In general, the grasses did better than the 
broadleaves, as evidenced by the order of magnitude different on the y-axis scales of Figures 6 
and 7. 
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Figure 5: Fate of Wild Proso Millet seeds from Nov 2001 -May 2002 
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WICST Seeded Transect Study: 200~ 
Annual Grasses: Fraction Surviving to Adulthood 
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Figure 6: Annual Grass adult recruitment in CS 1 and CS2 

Recruitment alone does not tell the full story regarding the success of a weed control program. 
Late emerging weeds may have little impact on crop yield, particularly for a crop as vigorous as 
com. Weed seed production will also tend to be greatly reduced for later emerging weeds, which 
are forced to suffer a handicap to the early emerging crop. In general, however, the level of 
weed control in CS 1 and CS2, for all weeds except shattercane, would have resulted in 
decreasing seedbanks and negligible yield impact. While the weed control programs in CS 1 and 
CS2 would therefore have to be termed successful in 2002, one should keep in mind that 
chemical programs can be susceptible to periodic failure due to weather. Proponents of organic 
and rotational systems contend that outbreaks are less extreme in these types of "low input" 
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systems because natural regulating processes and diversity of methods create more functional 
"redundancy". 
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Figure 7: Annual Broadleaf adult recruitment in CS 1 and CS2 

70 



WICST 9th Technical Report 

CROP ROTATION EFFECTS IN SOIL HYDRAULIC PROPERTIES 
Sandro Holanda1 and William Bland2 

INTRODUCTION 

Sustainability of agricultural management systems has become an issue of wide 
public concern and international debate. Interest in more ecologically sustainable agricultural 
systems is increasing as it is recognized that agricultural intensification can adversely affect 
environmental quality. Assessing the impact of tillage practices in different agroecological 
zones is a vital first step toward the selection of appropriate soil conservation and 
management measures. A key feature of modern cropping systems is the frequency of soil 
disturbance, particularly periodic tillage, which can both reduce soil biotic activity and 
species diversity (Hendrix et al., 1990), as well as affect soil water content, temperature, 
aeration and the degree of mixing of crop residues within the soil matrix (Kladviko, 2001 ). 
From the perspective of soil physics, tillage regimen affects the distribution of pore sizes and 
their connectivity. These parameters can have profound influences on water infiltration, 
retention, and drainage out of the root zone. 

Cropping systems and their attendant tillage regimens are studied at a wide range of 
space and time scales, from average crop yield of a field over a decade, to microbial diversity 
within a cm3 of soil at an instant in time. Study of soil hydraulic characteristics at a point in 
time and at the sub-meter scale provides parameters required for dynamic simulation 
modeling of alternative systems. Determining soil water characteristics in the field are costly, 
time-consuming, and relatively cumbersome, but are necessary for many soil management 
evaluations and for modeling purposes. chiefly hydraulic conductivity exhibits a large spatial 
variability, so that it becomes difficult to determine representative values to correctly predict 
soil-water-flow and design. 

In the last decade, tension infiltrometers have become a valuable tool for 
understanding water movement through macropores and the soil matrix near saturation 
(Logsdon and Jaynes, 1993, Reynolds et al. 2000, McKenzie, et al. 2001). They work by 
measuring infiltration rates at water pressures that are negative relative to the atmospheric 
pressure. The tension infiltrometer (TI) method is applied in situ, with minimum disturbance 
of the infiltration surface and establish a three-dimensional infiltration process controlled by 
the pressure head (in this case negative) imposed at the soil surface. This new technology has 
not been applied to cropping system trials in Wisconsin, including WICST. 

In this project we evaluated the technology and attempted to detect treatment 
differences in soil hydraulic parameters between selected WICST plots. We measured 
hydraulic conductivity at several soil water tensions (K(h)), from saturation (h=O) to that at 
roughly "field capacity," water retention, soil bulk density and porosity. 

METHODOLOGY 

Field and laboratory studies were conducted, to understand the influence of a no-till 
cash-grain system (Corn-Soybean-CS2) and a conventionally tilled, organic forage-based 
cropping system (Corn-Oats/peas/alfalfa-alfalfa-CS5) on soil hydraulic parameters. The 
fields were part of the WICST (Wisconsin Integrated Cropping Systems Trial) at the 
Arlington Research Station, on a well-drained Plano silt loam soil. Hydraulic conductivities 
(K(h)) were determined in situ du~ing the growing season, using a tension infiltrometer, with 

1 Visiting scientist from Federal University of Sergipe-Brazil; 
2 Professor Soil Science Department-UW-Madison 
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mm1mum disturbance of the infiltration surface and establishing a three-dimensional 
infiltration process controlled by the pressure head imposed on the soil surfaces. 

A tension infiltrometer (Model no. PMB-170, 20 cm-diam. base plate: Soil 
Measurement Systems, Tucson, AZ) was calibrated in spring 2002, and pressure heads of -20, 
-15, -10, -5 and zero cm of water, were applied to the corn plots in the Corn-Soybean rotation 
plot (No-Tillage-CS2), and pressure heads of -5, -4, -3, -2, -1 and zero cm of water were 
applied to the corn phase in the Corn-Alfalfa-Oats/Alfalfa rotation (Conventional Tillage
CS5) plot. The respective pressure heads were established in ascending order on the soil 
surface, and the corresponding quasi-steady flow rates measured. The soil was very dry 
during the hydraulic conductivity measurements in the conventional tillage plots, and the 
consequently lack of a wetting front lead to some problems related to the measurement of 
higher tensions. This explains the different pressure heads when compared to no-tillage, 
measured in a more humid soil condition, perhaps affecting comparisons to other 
measurements. 

Before the tension infiltration measurements, the surface crust and large soil clods 
were removed from the soil surface in order to achieve a level surface for the tension 
infiltrometer (TI). A contact layer having a thickness of 10mm was prepared using dry glass 
beads (1000-710 microns). A layer of glass beads must be ·placed at the interface of the TI 
and the soil to ensure a good hydraulic connection. Unfortunately, these beads can introduce 
flow impedance effects at the high infiltration rates associated with zero-ponded and ponded 
conditions (Reynolds and Zebchuck, 1996). Flow rates were deemed quasi-steady when the 
TI reservoir water level was constant for at least 10 min. The relationship between soil 
tension and moisture content (water retention or soil water characteristic curve) was 
determined in the laboratory using a soil moisture retention apparatus (McGuire and Lowery, 
1992). Volumetric water content (8v) measurements were determined from 25 replicated 
undisturbed core samples (344.77 cm3

) for no-till system and 11 core samples for 
conventional tillage system, taken randomly in-rows and between-rows, from the A horizon 
from O to 15 cm. Core samples were oven dried at 105°C for 48 hours and re-weighting for 
determination of bulk density and porosity after the retention experiments. 

RESULTS AND DISCUSSION 

The most basic of soil hydraulic parameters is the total porosity, and it is estimated 
from measurements of bulk density. We did not find significant differences caused by the 10-
year history of the treatments (Table 1 ). Given that total porosity was equal between 
treatments, we next looked to differences in the distribution of this porosity across pore sizes. 
The water retention function reveals the amount of water held in the soil at tensions above a 
particular value (Figure 1 ). Because total porosity is equal between the treatment, both 
contain the same amount of water at h=O tension. The initial increase in tension caused a 
notable loss of water from the NT samples, presumably as macropores drained. These 
macropores may have originated as root channels or wormholes, and the lack of tillage in the 
NT treatment allows them to accumulate. The treatments then paralleled one another in the 
relationship of water content to tension, and the initial difference caused by the NT 
macropores remained. The factors that determine pore size distribution for all but the largest 
pores apparently are not affected appreciably by the treatment tillage regimens. 

In addition to affecting the pore size distribution, the NT and CT treatments could 
affect the connectivity of pores with one another, as manifested by K(h). This is what we 
attempted to ascertain with the TI measurement. We were unable to attain the same range of 
h in the two treatments, perhaps because they could not be measured simultaneously. 
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Measurements in NT were made mid-June, 2002, and during July, 2002 in the CT treatments. 
The soil was drier in July than in June, so the TI wetting front was moving into drier soil 
during the CT measurement, compared to the NT. The very low K(h) prevented the system 
from arriving at the requisite equilibrium flow condition in a reasonable length of time. This 
is a potentially serious drawback of the measurement. 

At tensions attained in both treatments (e.g., h=-2 - .26kPa) K(h) was approximately 
equal. Macropores that we anticipate in the NT treatment near h=O, based on the lack of 
disruption by tillage and the soil water retention data above, were not manifested in the TI 
data. This was perhaps because the macropores at the soil surface were obstructed by the 
glass beads used as a contact material. 

Measurements in the corn field in the organic forage system with conventional tillage 
cropping, were made during July 2002. By this time some of the effect of tillage and planting 
had dissipated, the crop roots were well established, and rainfall at the field sites was 
infrequent. Effects of tillage and planting on soil structure were also possibly reduced due to 
repeated wetting and drying cycles (Reynolds et al. 2000) 
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Values of K(h) was greater in CT than in NT at h= -5 cm, perhaps reflecting the 
slightly higher density of the NT compared to CT (Table 1). Dry soil conditions during the 
measurements in the CT treatment may have prevented us from attaining tensions as high as 
those obtained in the no-till treatment. We envision that water flow at the (unsaturated) 
wetting front was so slow that equilibrium could not be attained in a reasonable time. At 
lower tension (h=-2 cm), no treatment effects on K(h) were observed. 

Once large continuous pores have a lower resistance to flow ( and thus a higher 
conductivity) than small or discontinuous pores, and that macropores were expected to be 
more common in no-till, K(O) should be higher than in conventional tillage. This was not 
observed, perhaps because the macropores at the soil surface were obstructed by the contact 
material, which can cause substantial and variable discrepancies between the pressure head 
set on the TI membrane and that at the soil surface (Bagarello et al, 2001). 

This measurement artifact may have contributed to the lack of apparent differences in 
K(h) between the treatments, but here are additional reasons why differences may be small. 
The Plano soil has inherently high in organic matter (OM), buffering it from change. 
Additionally, the conventional tillage treatment received 15t/ac of manure two of every three. 
Thus the OM-conserving nature of tqe NT system may be compensated for in the CT 
treatment. 
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TABLE 1. Bulk Density and Porosity for No tillage and Conventional Tillage in the 
WICST olots. Fall, 2002 

Cropping System Bulk density Porosity N 
(Mg m-3) (mJ m-3) 

Com-Soybean-No Tillage (NT) 1.40 0.47 25 
Com-Alfalfa-Oats/ Alfalfa-Conventional Tillage (CT) 1.39 0.52 11 

N-Number of core samples 

Treatment effects on the water retention characteristics of the soil were more apparent 
than with the TI measurement (Figure 3). At high tension (20 kPa), essentially that at "field 
capacity"), there was a 10% difference in volumetric water content between the studied 
cropping system. Differences presumably reflect 12 yellrs of tillage and crop rotations. On the 
other hand, the big pores in no-till treatment promoted drainage right away the application of 
the lower tensions, leading to lower volumetric water content. Surprisingly the bulk density 
data was also very close for both systems. Miller et al. (2002) report that long-term addition 
of beef-cattle manure can strongly improve soil-water storage attributed to changes in soil 
aggregation and structure, total porosity and pore-size distribution. 
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FIGURE 3. Volumetric water content and soil water tension in No-till (CS-
2) and Conventional Tillage (CS-5) in the year 2002. 

CONCLUSION 

This study leads to the previous conclusion, that for this medium-textured, high 
organic matter soils show an apparent resilient behavior. As a result many measurements of 
soil hydraulic conductivity are needed, in order for tillage induced changes to be detected. 
Additionally, some soil characteristics such bulk density, OM, and porosity in the studied 
plots may create problems related to spatial scale. So far, a remarkable difference may not 
have been observed in hydraulic conductivity data for the same pressure head (E.g. -2cm) 
between the two studied cropping systems due to very similar soil behavior between sites, 
close enough to show differences at the plot scale. Although some results seem to indicate a 
possible greater runoff would be expected for NT compared with CT treatment. 
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USING PRE-PLANT NITRATE TEST TO REDUCE N INPUTS ON CORN: 
11-YEAR HISTORY ON THE WICST PLOTS 

J. Hedtcke1
, J. Posner2, J. Baldock3 and D. Mueller4 

INTRODUCTION 
Accurately predicting the nitrogen needs of com can improve farmers' profits and reduce 
nitrogen losses to the environment. In Wisconsin, it is a common practice to apply nitrogen for 
com just prior to planting. The Preplant Nitrate Test (PPNT) was developed by Bundy et al 
(1995) to assess residual or "carryover" nitrate-N from the previous year so that current N
additions can be corrected for this readily available nitrogen in the rooting zone. Nitrates can be 
carried over winter if crop yields are below expectations and unused nitrogen remains in the soil 
or if the growing season_and winter precipitation is low, resulting in less than normal leaching. 
Generally, medium or fine textured soils retain nitrates in the offseason better than sandy soils. 
Unfortunately due to the inconvenience of soil sampling in April, just prior to com planting, not 
many growers use the PPNT. According the UW-_Soils and Plant Analysis Lab, they only 
receive 100-200 samples from less than 25 clients for PPNT each spring (John Parsen, pers 
comm., 2003). In this paper we report on the value of the PPNT in reducing fertilizer N costs 
and losses to the environment over the past decade. 

METHODS 
As part of best management practices, the Wisconsin Integrated Cropping Systems Trials 
(WICST) (in Arlington and Elkhorn, WI) have routinely used the PPNT for the continuous com 
system since their initiation. Sampling was done according to protocol A3512 'Wisconsin's 
Preplant Soil Nitrate Test' (Bundy et al., 1995) except that 3 paired cores (in-row and between
row) were composited from each 0.7a plot. Samples were taken from 0-12 inches and 12-24 
inches each year between April 10 and April 20th. At the Elkhorn site, PPNT tests have been 
done from 1990-1998. At Arlington, PPNT tests have been taken from 1993-2003. More 
recently (since 1998), the soil in the no-till com-soybean system at the Arlington site has also 
been tested prior to com planting. Four replicates in each system were sampled each year. Soils 
at both WICST sites are silt loams with organic matter levels above 3%. 

RESULTS 
The standard recommendation for com following com without correcting for residual nitrates 
(the PPNT) at both Arlington and Lakeland is 160 lb N/a and is 120 lb N/a for com following 
soybean (40 lb credit for soybeans) on silt-loam soils. The data shown in Figs la and ab are the 
mean of the 4 replicates in com after com with the range shown as a vertical line each year. By 
taking PPNT each spring on the WICST plots, we have been able to reduce our N rates on com 
25-50% in 14 of 19 site-years (Figs la and lb). In only 2 of those 19 sites years was the PPNT 
recommendation at the standard 160 lb N/a. Similarly, in com after soybeans, in 5 out of 6 years, 
the PPNT recommendation was less than or equal to 80 lbs N/a (Fig. 2). Both 1993 and 1998 

1 Research specialist, UW-Madison, Agronomy Dept. 
2 Professor, UW-Madison, Agronomy Dept. 
3 ag. consultant/statitician, AGST AT, Verona, WI 
4 Superintendent, Arlington Ag. Research Station. 
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showed little residual Nat both sites and both systems. This was likely due to the wet fall/spring 
in those years. 

DISCUSSION 
The PPNT recommendations would result in an average N savings of 54 and 58 lbs N/a per year 
for continuous com at Arlington and Elkhorn, respectively, and an N saving of 53 lb N/a in com 
following soybeans. At $0.15/lb N, that is a savings of $8.10/a at Arlington and $8.70/a at 
Elkhorn in com after corn. In years with high N prices (such as $0.22/lb Nin 2003) the saving 
could be as high as $12.76/a. The variability of residual nitrate from plot to plot under the same 
cropping system has been small except for two years at each site. Thus, the N savings have been 
relatively consistent, too. Even in years with more variability such as 1997 or 2003 at Arlington, 
the maximum value was still significantly lower (120 lb N/a in corn after com) than the standard 
recommendation (Fig. lA). Nevertheless, the variability in the PPNT from plot to plot in a few 
years, which simulates field-to-field variation, underscores the importance of taking PPNT every 
field each year. Our results on the potential N savings agree with the results of Bundy et al. 
(1995). They found that 25% of the sites sampled saved between $5-lOacre and 40% saved 
more than $10/a using the PPNT. 

It is often difficult to fully realize the potential N savings that would result from following the 
PPNT exactly. Sometimes the difference from plot-to-plot (field-to-field) is not large enough to 
change calibrations and other times the PPNT recommendation is less the minimum setting of 
the application equipment. These problems are particularly important when applying anhydrous 
ammonia as we did in the WICST plots. But amazingly enough, actual applied N rates were 
quite close to the PPNT recommended rates on the WICST plots at both sites. 

Although using the PPNT has allowed us to reduce N-additions in the corn and com soybean 
rotations, there is room for further improvement in tailoring N rates and timing to uptake. One 
measure of how much of a mismatch there is between N applications and N use in corn is the 
level ofN left in the soil after corn harvest. The fall nitrates in these two systems are well above 
those in the restored prairie plots, which represent the natural synchrony ofN release and lJSe. 
For the 2000 to 2002 years at Arlington, the continuous corn and com after soybeans averaged 
86 and 70 lbs nitrate-Nia in the top 2 feet compared to 24 lbs nitrate-Nia for the restored prairie: 
Thus, even though the WICST corn plots received less N than the standard recommendation, 
substantial N was left in the fall and subject to loss. In these 3 years, which have been dryer than 
normal, most of the fall nitrate has been retained in these systems overwinter. However, we 
would expect significant leaching losses in wetter years. Thus, the PPNT helps reduce such 
losses, but work still remains to be.done to better synchronize N-additions with com N uptake. 
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Fig. IA. N-Fertilization recommendation for com after 
com using the PPNT at Arlington (1993-2003) 
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Fig. lB. N-Fertilization recommendation for com 
after com using the PPNT at Elkhorn (1990-1998) 
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Fig. 2. N,.fertilization recommendation for com after 
soybeans using the PPNT at Arlington (1998-2003) 
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CONCLUSION 
Since many conventional com producers apply N prior to planting without doing the PPNT, it is 
a safe bet that in most years, especially following years with average or below rainfall, that N 
fertilizer is being over applied. The PPNT data from the WICST plots shows that most years we 
can reduce the N inputs by 25 to 50% for com following com or com following soybeans on the 
silt loam soils of southern Wisconsin. Comparison of the N left after com harvest to natural 
systems suggests that further improvements in accounting for all N sources and better 
synchronization between N applications and N use are needed. 

REFERENCES 
Bundy, L.G., S.J. Sturgul, and R.W. Schmidt. 1995. #A3512 - Wisconsin's Preplant Soil 
Nitrate Test. UW-Extension, NPM. R-5-95-3M. 
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WICST EDUCATIONAL OUTREACH 2001 and 2002 
Janet Hedtcke 1 

As in previous years we used the WI CST trials as an excellent visual tool to demonstrate and 
discuss issues of sustainability such as crop rotation, environmental stewardship, economic 
sustainability, and bio-diversity. In addition to field tours, we have disseminated the WICST 
research to local and regional events and scientific meetings. Table 1 summarizes the outreach 
and educational activities for WICST in 2001 and 2002. 

On-station. Several groups of students visited the WI CST plots for hands-on learning 
throughout the growing seasons of 2001 and 2002. For example, WI CST helped sponsor the 
annual Science field day for 250 DeForest 8th graders in early autumn. This was an interactive 
hands-on field day enjoyed by all. 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 future discussion, quizzes and exams in the 
classroom. 

Other activities included Prairies Jubilee Field Day and several Agronomy Field Days at 
Arlington. WI CST helped sponsor Prairies Jubilee Field Day with the Madison Audubon 
Society, which attracted an audience of over 500 people. A poster was presented describing 
WICST prairie restoration efforts. Two presentations were given at the 2001 Agronomy Field 
day on economic and environmental aspects of the systems and our display board was setup 
inside with other data. Four oral presentations and four posters were presented at the 2002 
Agronomy Field Day including work on prairie establishment on the WI CST plots, leaching of 
agricultural chemicals into tile drains, economics of expanding com-soybean rotation and yield 
and yield variability, earthworm populations in different cropping systems, and a 10-year energy 
summary on WICST. 

Field tours were given several times a year to several groups including extension agents, local 
farmers, and UW students and foreign visitors. · In June, a field day called 'Your Farm Your 
Future' was organized at the Elkhorn site in an effort to raise awareness on important farming 
issues. This was dual celebration of the 150 anniversary of the farm and the 1 ooth anniversary of 
4H. Posters were displayed and project staff was on hand for discussion with attendees as well 
as other family events. 

Local/Regional. WISCT participated in the Food For Thought Festival in downtown Madison 
in both years. We set up a display to inform the audience about agricultural practices and effects 
on soils and water and food quality. Seven presentations (both oral and poster) were also given 
at the ASA, CSSA, SSSA meetings in Charolette, NC and two at the Upper Midwest Organic 
Farming Conference in LaCrosse. Dissemination of WI CST efforts was also to state and federal 
agencies such as USDA-ARS, NRCS and DATCP. On campus, WICST data was shared at the 
Agronomy Colloquium to faculty, staff and students. 

1 Research specialist, UW-Madison, Agronomy Dept. 
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Table 1. Educational and Outreach Activity Listing for WICST 

EVENT LOCATION DATE ATIENDANCE 

2001 

WICST Winter Meeting Madison, WI February 9 30 

Upper Midwest Organic Farming Lacrosse, WI March 16 40 
Conference 

Agronomy Field Day Arlington, WI June 27 120 

Food for Thought Festival Madison, WI September 8 100 

Middle Sch. Students (Science Field Day) Arlington, WI September 25,26 250 

Prairies Jubilee Arlington, WI October 10 500 

ASA, CSSA, SSSA Charlotte, NC October 21-25 400 

NRCS Agency meeting Madison, WI December20 5 

2002 

WICST Winter Meeting Madison, WI February 8 28 

Agronomy Colloquium Madison, WI February 27 20 

'Ag Facts' 3 min. Radio Tapes Statewide broadcast March lOO's 

Student Radio Show Madison, WI May7 lOO's 

'Your Farm, Your Future' Elkhorn, WI June 29 50 

Agronomy Field Day Arlington, WI September 5 125 

· Prairies Jubilee Arlington, WI September 21 400 

Food for Thought Festival Madison, WI September 21 100 

--------------- ASA,_ CSSA, SSSA --------·--------····-················ Indian~olis, _IN _________ November 10-14 _______ ········--······ 400 .. 
Total 

In collaboration with CIAS, we now a website developed about WI CST and all of its spin-off 
projects. This is a collection of past and present projects and data from WICST. See 
www.wisc.edu/cias/wicst. We hope this will reach the greatest audience of all. 
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DEVELOPING AND TESTING NUTRIENT 
AND ORGANIC MATTER BUDGETING 

AND PRACTICES THAT WILL REDUCE THE LEACHING 
OF NUTRIENTS INTO SURFACE AND GROUNDWATERS. 

Michael Fields Agricultural Institute 
Walter Goldstein, Ph.D. 1 

Introduction: 
Com is the crop in the Upper Midwest with the largest potential for overuse of nitrogen 

fertilizer. To improve the impact of farming on the environment it is necessary for us to rely 
more on rotations, organic manures, and soil-organic matter as the primary source of nitrogen for 
growing com. Making this change implies changes in thinking. It also means that we have to 
better understand nitrogen release from organic matter and how using organic manures to 
improve soil nutrients may aff~ct s9il quality, root health,·crop growth and nitrogen dynamics. 
To address these issues we develop.e1_farmer-friendly software called 'the organic matter and 
nutrient budgeter' as a tool to help faµn~rs understand arid plan their farming practices utilizing 
organic matter sources of nitrogen: we tested the efficacy of the tool and the assumptions that it 
was built on by comparing budgeter results against results derived from field-level N budgets. 
These field budgets were constructed with information from unfertilized and manured plots on 
many farms. They include conventional and organic farms with and without livestock.2 Testing the 
budgeter involved developing new methods for estimating N mineralization under corn crops and 
differentiating between N released from soil organic matter and from manure. 

Farmers need to know how much N can be-expected to 'mineralize' from the soil organic 
matter on fields that have different fertjlity and cropping history and from different kinds of manures. 
Research on organic matter in the pa~t decades has shqwn that younger organic matter is more 
susceptible to decay and therefore releases much more N to crops than does old, passive fractions of 
the soil organic matter (Paul, et al., 1_997). From this standpoint, the issue of the quantity of 
mineralization can be resolved into several research questions: 1) how much young, biologically 
active organic matter-N ·is there in the soil? 2) how quickly will it decay? 3) how does the growth of 
corn influence its decay? Taking this point of view, our budgeter's estimates of mineralization of 
organic matter are not based on the mineralization of the total organic matter but rather of the 
qu~ntity (pool) of the biologically active organic matter in the soil. We attempted to measure this 
pool using two different methods.and compared the results with actual N uptake and mineralization. 

To begin to do accurate budgeting it is important to know how much N is taken up by 
different crops. Corn crops may play a major role by enhancing mineralization and by taking up the 

1 The research team in this project involved research staff and analyses at Michael Fields 
Agricultural Institute, at Dr. Cynthia Cambardella's laboratory at the USDA/ARS National Soil 
Tilth Laboratory, and Dr. Michelle Wander's laboratory at the University of Illinois-Urbana, 
Dept. of Natural Resources. Any errors associated with this report are solely the responsibility 
of the author. · 
2 Funding for the research on farms was provided by the Leopold Center for Sustainable Agriculture, 
the National Fish & Wildlife Foundation, the Martina Mann Trust, USDA/SARE, USDA/EQIP, the 
Illinois State Dept. of Agriculture, and the Cavaliere Foundation. 
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majority of the N that is mineralized through their rooting system (Sanchez et al., 2002). Therefore, 
it is important to determine relationships between root production and N uptake, and how this might 
be influertced by farming systeins. We also assessed the health of corn roots on farms because root 
health is probably important for running a tight nutrient budget. Previous trials in the Wisconsin 
Integrated Cropping Systems Trials showed that corn grown after corn with conventional 
management had more diseased roots in early stages of growth (Goldstein, 2000), and this might 
have induced a higher production of roots in later phases of development during grain production. 
The positive affect of crop rotations and manure appeared to be associated with healthier roots. If 
roots are not healthy they probably will not be effective at facilitating nutrient release and uptake. 
We do not understand how increased root production would affect N efficiency, but it might be 
a.ssociated with increased mineralization ofN from soil organic matter. 

METHODS 
The organic matter and nutrient planning and monitoring tool: 

The "Organic Matter and Nutriept Budgeter" program was developed to be a simple, 
friendly, end-user tool that farmers, consultaqts and others could use to project organic matter 
response and N release based on different cropping scenarios. The format is based on Microsoft 
Excel 2000 using Visual Basics for Applications as the programming language. The program uses 
menus and macros. It is still in experimental development stages and has not yet been released for 
general use. 

The program provides worksheets that are specific for individual fields. For each field the 
worksheet spans eleven year, three years prior to the current year, the current year and seven years 
projected into the future. A new version of the tool enables the farmer or advisor to link information 
from all fields in a farm and gain information on the nutrient and organic matter dynamics of the 
whole farm. 

Information that must be entered includes historical information and experience based 
projections. The following information must be entered: · 

• Crop 
• The crop yield 
• The production of perennial legume 
• The initial size of the pool of biologically active organic matter 

(presently calculated from organic matter%). 
• Loss of soil due to erosion ( calculated from the universal 

soil loss equation RUSSL or estimated from experience). 
• The bulk density of topsoil (8 inches) 
• An estimate of the size of the P pool 
• An estimate of the size of the K pool 
• The application rate of manure and ~ertilizer 

Data entry into the remaining cells is optional depending on data available. At its best, the 
budgeter may be integrated with a monitoring system that measures the nitrate and ammonium-Nin 
the spring and fall, quantities of alfalfa roots that are plowed under, etc. 

The initial size of the pool of biologically active organic matter may be estimated using 
different laboratory procedures. However, barring this information we approximate this pool size, 
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and its turnover under different crops. We did this by ·using an organic matter model called 
CENTURY that was developed by the USDA in Colorado (Metherell, et al., 1993). The CENTURY 
program was used to model changes in the organic matter and nitrogen content of a cultivated prairie 
soil in southern Wisconsin (Koopmans and Goldstein, 1998). 

The term mineralization of N implies that N is released from organic matter complexes due 
to microbial and biochemical action and transformed to mineral forms such as ammonium or nitrate. 
For the purposes of the budgeter it is crucial to be able to get good estimates of what proportion of 
the total N in the topsoil in biologically active and will mineralize and become available to different 
crops. Unfortunately, there is not at the present time an agreed upon soil test that can quantify the 
amount of biologically active soil organic matter. Based on our modeling with CENTURY we 
estimated the quantity of biologically active organic matter as a fraction of the total organic matter 
content of the soil. To estimate the size of the pool of biologically active organic matter in 
pounds/acre, the percent organic matter in the soil is multiplied by 6,909 (factor for medium textured 
soil). For example, a 3.2% organic matter would have 20,727 pounds of active organic matter (6,909 
x 3.2 = 22,109). Multiple runs of the CENTURY model were also used to calculate mineralization 
rates of soil organic matter under different crops (Koopmans and Goldstein, 1998). 

The rate of decomposition will vary with soil type, with lower rates expected with clay soils 
and higher rates expected with sandy soils. As the arable soils for the target farmers in our project 
were predominantly medium textured we did not adjust our mineralization rates for soil texture. 
Furthermore, all the farmers in our project were using conventional tillage so we did take no-tillage 
into account. 

In addition, the pertinent scientific literature on manure and residues was reviewed. This data 
was used to derive coefficients to estimate how much N and C from different kinds of manures and 
residues will be retained and mineralized in soils. These coefficients were incorporated into the 
budgeter. A list of the coefficients and Supportive literature is available from the author of this report 
and is not included here for sake of brevity. 

The program output provides a graphic representation of the effects of the farming system on 
nitrogen surpluses and on accumulation or decline of the pool sizes of biologically active organic 
matter, P, and K. This data is available both for individual fields and for the linked fields up to the 
whole farm level. 

Furthermore, functions derived from field and budget data enable the budgeter to estimate 
nitrate in the soil profile at harvest and the amount of surplus N that is lost ( denitrification & 
leaching) or immobilized during the growing season. Such N estimates enable us to assess the 
ecological impacts of different farming systems. Declines or increases in the pool of biologically 
active organic matter allow us to assess the impact of the farming system on the sustainability of the 
farming system. 

Methods/or testing the budgeter by doing on-farm research trials. 
The tool was tested in the context of the following projects and farms: 

• 2001 EQIP project, Wisconsin, 7 farms, mostly conventional dairy; test plots were mostly set 
out on 2 fields/farm. 

• 2001 SARE project, Wisconsin, 7 farms, mostly conventional cash grain; test plots were 
mostly set out on 2 fields/farm. 
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• 2001 Leopold project, Iowa, 12 farms were mostly organic grain-livestock farms; test plots 
were set out mostly on 2 fields/farm. 

• 2002 Illinois Dept. of Agriculture, 5 farms which mostly were organic grain-livestock farms; 
treatments were mostly tested on 1 field/farm. 

• 2002 Leopold project, Iowa, 11 farms mostly were organic, grain-livestock farms; plots were 
on 1 field/farm only. 

Trials consisted of control strips with no fertilization and one or two fertilization treatments, 
consisting of either manure, manure + NPK mineral fertilizers, or just NPK mineral fertilizers. Plots 
were replicated 2 times in Iowa in 2001 and 3 times in 2002; they were replicated 3 times in Illinois 
in 2002. Due to a high variation within fields and plots we set out three sampling stations in each 
replicate of a given fertilization treatment. These three stations were visited repeatedly for sampling 
soils, roots, tops, and grain yields. Samples from the three stations were pooled for laboratory 
analysis, with the exception of root health, where we analyzed all three sub-samples individually. 

Soils were analyzed at the University of Wisconsin Soil Testing Lab and the USDA National 
Soil Tilth Lab for nutrients. Information was gathered from farmers about past and planned future 
rotations and fertilizer applications for each of these sites. This information was used to model 
treatments on these sites using our budgeter. Manure nutrient & C inputs were weighed and 
measured and used for budgeting. Budget predictions included projected change over time of active 
organic matter (AOM), P, K, and the projected surplus N in the system (N lost before harvest and 
nitrate N in the profile at harvest). Budget predictions for different kinds of farming systems were 
used to predict equilibrium levels of soil organic matter associated with the farming systems. 

Relative to the crop we studied in the field in 2001 or 2002 there were 15 different sequences 
with preceding crops and 33 different combinations of sequences and fertilization. Many of the 
sequences included using small grains and clover as a green manure in order to replace the use of 
mineral N fertilizer. Other rotations included conventional com-soybean sequences, and rotations 
with cereals, soybeans, and alfalfa. All in all we developed 132 budgets based on these results. 
Crops studied in the field included corn, sorghum, soybeans, timothy, and wheat, barley, and oats 
with and without underseedings of alfalfa or red clover. However, most of the trials were concerned 
with corn as it is regarded as the crop that demands the most N from the soil. Its production involves · 
the greatest danger of pollution with excess N. 

Methods to monitor N budgets on/arms: 
Contents of nitrate-N and ammonium-N were determined in the profile early in the spring to 

estimate N carryover from the previous year. Cereal roots were excavated from plots at the time of 
flowering to determine maximum root production and root N content. Yields and the content of N in 
tops were determined at harvest. 

The strip trial experiments were used to validate our nutrient and organic matter budgeting 
model. For corn crops we measured the quantities of nutrients and organic matter applied to soils in 
the form of fertilizer, manure, or compost, spring residual nitrate and ammonium in the soil profile, 
the grain yield, and the amount of nitrate left in the soil profile at harvest. Then we used our 
budgeter to produce N budgets for each treatment. These budgets estimated N that was released from 
soil organic matter and organic manures, the N that was taken up by corn, and the residual N that was 
left in the soil profile after harvest in the form of nitrate. 
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Formula used by the budgeter to calculate the N balance: 

+ spring residual nitrate and ammonium-N (measured) 
+ fertilizer N (measured) 
+ release ofN from soil and residues (calculated from soil and management data using coefficients) 
+ N deposition from atmosphere and N fixation by free living bacteria (estimated at 40 lbs N acre-1 

year-1
) 

+ Release ofN from manure (measured, analyzed, release is calculated using coefficients) 
- Uptake ofN by crop (calculated on basis of yield). 

= Residual, surplus Nin the farming system. 

Because we could not measure volatilization, denitrification, and leaching losses, the budgeter 
combined these losses with nitrate-Nat harvest into a single estimate of surplus, residual N. In 
theory, the residual, surplus Nin the system can be partitioned into two components: 

• Nitrate-N in the soil profile at or just after harvest (measured) 
• N losses due to volatilization, leaching, denitrification, and immobilization (not measured). 

To estimate these two components we correlated the actual quantity of nitrate-N found in the soil 
profile at harvest time with the budgeter-predicted quantity of surplus, residual-N. We found that 
this predicted quantity of surplus N correlated very well with the actual quantity of nitrate-N found at 
harvest for the 33 different cropping sequences/fertilization treatments in the plots (R2 = 0.7613, 
n=33, p < 0.01). We used the linear equation (y = 0.2967 + 40) for actual nitrate N (y) regressed on 
surplus N (x) to predict nitrate-N that should be available in the soil profile at harvest. The N lost 
due to denitrification, leaching or immobilization before harvest was estimated by subtracting the 
nitrate-N estimate from the total surplus N estimate. These estimates allowed us to assess the impact 
of different farming systems on potential N losses to the environment. 

Methods for evaluating the amounts of N mineralized from soils and manures and 
the yield response of corn. 

When we initially began to budget for the uptake of N by corn, we multiplied the actual com 
yield in bushels/acre times a coefficient of 1.64 lbs of N per bushel of corn; a coefficient found in the 
scientific literature (Koopmans and Goldstein, 1998). To check this coefficient we measured the 
actual N-_uptake by corn roots, stalks, and grain, and compared the actual total uptake with our 
coefficient based calculation of uptake. The N contribution by corn roots was determined by 
multiplying root N content at flowering x root dry matter x 3 ( conversion factor for adjusting roots in 
monolith to roots in rooting zone occupied by 1 plant) x 1.38 (conversion factor for adjusting for root 
turnover) x plant population/acre. These relationships were determined empirically based on studies 
of corn root growth in the Wisconsin Integrated Cropping Systems Trials (Goldstein, 2000). 

We constructed 'field-based data N budgets' to check these estimates ofN mineralization 
from soil organic matter on the unfertilized plots and from soil organic matter and manure on the 
fertilized plots. The formula used was based purely on field-derived data. 

Formula for calculating N mineralized during a corn cropping year on the basis of field data: 

(1) For unfertilized control plots: 
+ N uptake by corn (roots, tops) and weed tops. 

- Spring nitrate and ammonium-N in the soil profile in the spring. 
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+ Nitrate-N found in the soil profile at harvest. 

= Total N mineralized from organic matter sources in soil. 

(2)For manured plots: 
+ N uptake by corn (roots, tops) and weed tops 

- Spring nitrate and ammonium-Nin the soil profile in 
spring+ ammonium-N in the manure. 

+ Nitrate-N found in the soil profile at harvest 

= Total N mineralized from organic matter sources in soil. 

The field-derived estimates of mineralization derived from this equation are naYve and 
conservatively low because they· assume that corn takes up all the nitrate and ammonium in the 
profile that is carried over from the previous year and because they do not take into account losses 
due to denitrification, leaching, and volatilization. Furthermore, it proved difficult in practice to 
obtain spring soil samples for nitrate at an early enough time to satisfy us that mineralization had not 
already occurred in the soil. We were able to do this for Iowa farm sites in 2001, but for all other 
sites sampling took place from April to May. We could not use these values because they included 
not only the carryover soluble N from the previous year, but also newly mineralized N from the 
spring. In order to estimate N mineralization it was necessary to estimate a default value for spring 
nitrate and ammonium-N. To do this we first calculated the mineralization data without any value 
for spring soluble N in cases where the information we had for spring soluble N was dubious. Then 
we regressed total uptake ofN by corn+ weeds (y) on our calculated mineralized N (x) and obtained 
a linear equation (y=0.5703X + 54.8, R2 = 0.49, p < 0.01). We substituted various default. values for 
spring nitrate and ammonium-N into the equation and observed the value for they intercept (the 
amount ofN taken up by corn in the absence of any mineralization of organic matter). We used the 
value for they intercept to approximate the quantity of carryover N. They intercept value was 
relatively stable: default values ranging between O and 70 lbs N/acre produced y intercept values 
ranging between 49 and 60 lbs/acre. A default value of 52.5 produced the same y intercept value (y 
= 0.6844X + 52.5, R2 = 0.55, p < 0.01) and we used this value in all subsequent calculations. These 
estimates were compared with our budgeter estimates and also were correlated with the growth of 
roots and the grain yields of corn. 

Regarding the calculation of mineralization rates we made three assumptions: 1) that the 
field based calculations for N mineralized were valid estimates of total N mineralized; 2) that the 
time span covered was a cropping year (therefore an annual rate) and 3) that the N that was 
mineralized came from the native organic matter and manure that were in the top 8 inches of the soil. 
The formula for mineralization rates, calculated on the basis of the field based budget used N 
mineralization derived from formulae 1 and 2: 

• (3) for unfertilized plots = (N mineralized from soil x 100)/ total organic N in top 8 inches of 
soil). 

• ( 4) for manure/compost fertilized plots= (N mineralized from soil x 100)/ (total organic N in 
top 8 inches of soil + the organic~N added in manure/compost). 

At interest whether it would be possible to simplify the procedure if simply using c
1
rop and weed 

uptake of N would yield valid estimates of mineralization. Therefore, mineralization rates were also 
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calculated using formulae 3 and 4 and substituting total N uptake by corn and weeds for the N 
mineralization values. The two kinds of estimates were compared. 

Farmers involved in the trials used a wide range of fertilization and manure rates based on 
their experience and practice. The pertinent questions appeared to be what kind of yield response 
they could expect to obtain from application of their fertilization practice, and how much N would 
become available from manure by mineralization. To estimate the level of response to fertilization 
we regressed the yields obtained on mineral fertilized or manured plots (y) on the yields obtained on 
the relevant control plots (x). The regression formula was used to predict the response to fertilization 
at differe~t levels of yield for the controls. 

It is important to be able to estimate the amount of N that becomes mineralized from the 
organic N in manure and available to corn crops. It is difficult to do that, even by using 15N tracer 
studies. We used the field based N mineralization information to estimate apparent N release from 
the organic fraction of the manure. We assumed in doing this that the increase in mineralized N 
associated with the application of the manure was due to mineralization of organic N from the 
manure and not to the manure in some way stimulating the mineralization ofN from native soil 
organic matter (priming effect). Furthermore, we only performed calculations for fields where 
matched controls and manured plots had similar (within 1,000 lbs/acre) quantities of total Nin the 
topsoil. This decreased the number of comparisons that were made. The calculations of apparent N 
release from manure assumed that the fraction ofN release from native soil organic matter for the 
manured plots was the same as that found on the control plots. Such estimates would not be accurate 
in cases where the control and manured plots had strongly divergent quantities of total Nin their 
topsoils and mineralization rates were not fixed but depended on the quantity of soil N. 

The apparent total N mineralized from manure= 
Total N mineralized during the growing season on manure plots 

- (( N mineralization rate for the unfertilized checks/I 00) 
x (N content of manured soil before manure was applied)). 

and the apparent N mineralization of organic N from manure as a percent of the total Nin the 
manure= 

(apparent N mineralized from manure x 100)/ 
total amount of organic N applied in manure. 

These rates are apparent and they portray total mineralization, not the uptake of manure-N by corn 
plants. 

Measuring biologically active organic matter and its relationship to quantities of N 
released. 

Based on our earlier computer modeling with the CENTURY model we assumed that all the 
soils had 42.2% of the organic matter C is in this active pool, that the C:N ratio of the active organic 
matter is 13:1, and that 4.7% of this mineralizes under corn to release nitrate or ammonium-N. 

However, it is not easy to measure that pool size in the field. In the past we have estimated it 
by measuring particulate organic µiatter-C in the spring and multiplying it by 4. In addition to 
conducting soil organic matter analyses, Kevin Jensen and Cindy Cambardella from the National Soil 
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Tilth Lab in Ames, Iowa estimated the quantity ofhydrolysable, biologically active C and N using a 
method developed at Michigan State University (Paul et al., 1999). In this method one gram of soil 
is digested in 1 N HCL acid. After several hours of digestion the recalcitrant C in N is regarded as 
representing the amount of 'passive' on biologically inactive material. The pool of biologically 
active, hydrolyzable organic matter may be estimated by substraction (total C - recalcitrant C = 
biologicallyactive C). Samples tested were the Wisconsin soils from 2001. 

On the Iowa and Wisconsin soils in 2001, Yun Wang and Michelle Wander determined how 
well the estimate the pool relates to the content of amino-sugar-N in the soil using a test developed at 
the University of Illinois-Urbana (Khan et al., 2001). Soils that have large quantities of amino-sugar
N are known on an empirical basis to release a lot of soluble-N from their organic matter. Such soils 
often produce crops of corn that do not respond to N fertilizer. 

Evaluating corn root health and its connections with management, and nutrient 
efficiency. 

Our technique for analyzing root disease was a modification of the technique developed with 
the Wisconsin Integrated Cropping Systems Trials (Goldstein, 2000). In 2000 the technique was 
modified by sampling only at the flowering stage of development on 17 farms. This survey included 
sampling and analyzing three on-farm field trials in Illinois, two field trials run jointly by Wisconsin 
farmers and the University of Wisconsin Dept. of Agronomy (Dr. Joshua Posner and Janet Riester), 
one trial run by a farmer and the Wisconsin Nutrient and Pest Management Program (Mr. Kevin 
Shelley), two systems in the Wisconsin Integrated Cropping Systems trial and ten Wisconsin farm 
fields that were using alternative and conventional practices, many of whom would later be involved 
in further trials funded by EQIP and SARE. Many of the trials _involved evaluating the use of small 
grains and green manures on the yields of corn. In 2001 and 2002 we used this same technique on all 
farms in Wisconsin, Iowa, and Illinois. On each plot three crown and root soil monoliths ( each was 6 
inches long x 6 inches wide x 8 inches deep) from individual corn plants were excavated when the 
corn was flowering. We sampled the corn at flowering time because this is when the maximum 
amount of roots are present. Roots were washed from soil, frozen, and stored frozen. When time 
came for analysis they were more carefully washed, photographed, dissected according to node, dried 
and weighed. Root disease was evaluated for root samples from each plant by a team of three people 
who gave independent evaluations of necrosis on roots from each node. Scores from individuals 
appeared to be highly correlated. An overall root score was derived by averaging the scores obtained 
from all the nodes by all the evaluators. We did not attempt to weight the scores on the basis of root 
length or mass as we had reason to believe that corn was compensating for disease on its smaller, 
earlier sets of roots by producing large quantities of later developing roots. 

Statistical analysis of results. 
To evaluate the relationships between management systems, root disease or health, and 

nutrient efficiency we grouped data from farms into 8 different management systems. There were 
four conventional systems and four organic systems. The conventional systems involved soil 
management with previous routine applications of mineral N ferti.lizer and pesticides. The four 
conventional systems that were represented consisted of corn following after corn, soybeans, small 
grains under-seeded with alfalfa or clover, and after alfalfa which had been grown for hay. The 
organic farms depended on organic manures and soil organic matter to supply N to corn. Mineral N 
fertilizers were not used when growing corn. To examine effects of disease we studied how systems 
affected corn grain yields, root production, root disease, and root production per bushel of corn and 
correlated disease with the other characteristics. To examine how systems affected the efficiency of 
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corn and N relationships we analyzed the total uptake ofN uptake by corn plants and the amount of 
N taken up by corn plants for every bushel of corn produced. To understand how. systems affected 
the mineralization ofN from soil organic matter we evaluated the quantity and relative portion ofN 
mineralized from soil organic matter in the topsoil. We assumed that the soil N was obtained from 
soil organic matter only in the topsoil because the scientific literature suggests that little 
mineralization occurs below 8 inches of the profile. 

To simplify the results with yields the 8 farming systems were as follows: 
System 1 = corn following corn on fields with a history of conventional management 

practices; 
System 2 = corn following soybeans on fields with a history of conventional management 

practices; 
System 3 = corn following small grains (wheat or oats) unde.r-seeded with clover or alfalfa on 

fields with a history of conventional management practices; 
System 4 = corn following alfalfa on fields with a history of conventional management 

practices; . 
System 5 = corn following soybeans on fields with a history of organic practices (including 

perennial forages and manure); 
System 6 = corn following small grains (wheat or oats) under-seeded with clover or alfalfa on 

fields with a history of organic management practices. 
System 7 = corn following alfalfa on fields with a history of organic management practices 

(including manure applications); 
System 8 = com following alfalfa/grass mixtures on fields with a history of organic 

management practices (including manure applications). 

Data was analyzed using SAS programs called PROC REG and PROC GLM for regression and 
general linear models analyses. Systems were compared using single degree contrasts. The contrasts 
were chosen in order to draw out interesting possible differences and to portray extreme treatments. 
They were: 

1) Conventional systems vs. Organic; 
2) Com following after conventional corn or soybeans vs. after organic forages or soybeans; 

· 3) Corn following after conventional corn vs. organic soybeans; 
4) Corn following after conventional corn vs. organic alfalfa/grass; 
5) Corn following after perennial forages vs. after a small grain/legume green manure; 
6) Corn following after soybeans vs. after a small grain/legume green manure; 
7) Corn following after organic alfalfa vs. after organic alfalfa/grass. 

In some cases there were missing data for farms, especially for constructing N budgets. In 
this report analyses are shown for as many farms as we had good data for rather than pruning results 
down to a single data set with complete data for all parameters. For root disease results obtained for 
the project for 2000, 2001, and 2002 we averaged the results obtained from different fertilization 
treatments on a site for a given farming system ahd considered each average as a data point, (there 
were 79 experimental entries with n = 9, 15, 21, 2, 13, 4, 12, and 3 for systems 1 to 8, respectively). 
In our fertilization trials two kinds of fertilization were applied, but the rates and kind varied from 
farm to farm. Using GLM we compared the response of corn to mineral fertilizers vs. manure or we 
compared the farming systems in general for how they responded to fertilization (total number of 
entries was 91 with n = 9, 16, 7, 5, 22, 6, 20, and 6 for systems 1 to 8, respectively). For our studies 
involving nitrogen budgeting we evaluated N uptake, N mineralization, and their relationships to 
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corn yield and roots. As we focused on N mineralization from soil organic matter we considered 
only unfertilized plots or plots where manure had been applied and for which we had a full set of data 
on N associated parameters. For analyzing com yield, root production, and the quantity of roots 
produced per bushel we had 100 experiment entries (n = 11, 16, 8, 5, 22, 7, 21, and 10 for systems 1 
to 8, respectively). For soil and com N data and for root necrosis we had 91 experimental entries (n 
= 9, 16, 7, 5, 22, 6, 20, and 6 entries for systems 1 to 8, respectively). Where pertinent, regressions 
were run that tested linear, quadratic, and cubic responses to x variables. Statistical levels of 
significance are reported according to the international system as NS,+,*,**,***, and**** which 
mean non significant (P > 10%), or P <10%, 5%, 1 %, 0.1 %, and 0.01 %, respectively (i.e., security 
levels of 90%, 95%, 99%, 99.9%, and 99.99%). Graphs showing results were produced using 
Microsoft EXCEL packages. 

RESULTS 
The results of organic matter budgeting shown in Table 1 describe the system, the 

number of fields budgeted, the initial content in soil organic matter, the predicted change in 
biologically active matter, and the predicted equilibrium level for the system. The significant 
correlations between the predicted annual loss of biologically active organic matter (AOM) and 
the initial organic matter content of the soil indicates that the model predictions were generally 
consistent across farms within a given farming system despite variable management practices. 
The model suggests that conventional grain cropping systems were depleting their soil organic 
matter resources. These systems were predicted to eventually equilibrate at organic matter 
contents somewhere between 2.2 to 3.3%, with higher levels where animal manure was applied. 
The results were about the same for grain crop rotations that used small grains under-seeded with 
clover as a green manure. However, soils that employed rotations with grain crops and a high 
percentage of perennial forages were estimated to be accumulating organic matter. Their 
equilibrium level was estimated to range from 3;9 to 5.4%, depending on whether and how much 
animal manure was applied. The predictions made by the budgeter on how different farming 
systems would affect the equilibrium soil organic matter contents were reflected in the actual 
soils on the different farms. The cash grain systems generally had lower organic matter contents. 

As was mentioned above, the budgeter's predictions of surplus N in the cropping systems 
correlated well with nitrate-N found in the soil profile at harvest for the different systems tested. The 
content ofN lost before harvest was estimated by subtracting the predicted nitrate content from the 
predicted total surplus ofN (see Table 2). There was a strong correlation between the predicted 
losses before harvest and the budgets prediction of surplus or deficit N in the system (R2 = 0.95). 
Below predictions of approximately 57 lbs of surplus N/acre the budgeter under-estimated N 
mineralized from soil organic matter sources. The budgeter routinely underestimated the quantity 
of nitrogen that was mineralized from soil organic matter in the soil where cereals were grown 
and no fertilizer was applied. Results from field based analysis showed that our budgeter was off 
because it uses a fixed rate of decomposition (mineralization) to account for how much nitrogen 
will be released to corn from soil organic matter under different rotations. 

On average (number of values= 91), corn produced 120 bushels of grain per acr.e and took up 
an average of 179 lbs ofN/acre. On average, 1.65 lbs of N were taken up for every bushel produced. 
During this process, an average of 185 lbs ofN was mineralized out of soil organic matter sources. 
On average, 1.71 lbs ofN were mineralized for every bushel produced. 
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The mineralization of N under corn and its uptake appeared to be relatively stable, 
irrespective of the preceding crop (see Diagram 1, Table 5 (column, N mineralized from soil organic 
matter), and Table 6). In short, corn seems to have a hitherto underestimated ability to mine N from 
soil organic matter sources. The richer the soil was in total organic nitrogen, the lower the percent 
of total nitrogen that was released (Diagram 2 and 3, Table 5, last two columns). Assuming that 
the N that came out of organic sources was obtained from the topsoil, the average percent of the total 
topsoil organic N that mineralized was 4.3%. This was much higher than the 1-2% that is commonly 
assumed when calculating N release from topsoil organic matter. Actually, the quantity generally 
ranged from 1 to 8% and on very poor soils with low quantities of total N, the mineralization ofN 
was greater than 8% of the total N content of the soil. Diagram 3 shows how the results were 
affected by state. Wisconsin, on a range of soils were most variable and had high rates of 
mineralization on some of the poorer soils. The relationship between the N content of the topsoil and 
the percent mineralization was little affected by manuring (see Diagram 2). Soil texture may have 
had an effect, as further examination of results showed that clay loarri soils appeared to have 
somewhat lower mineralization than loams, sandy loams, and silty loams. 

Results of the amino-sugar-N analyses were compared with yield responses to manure found 
on our plots, with mineralization of N from organic matter in unmanured and manured soils, and 
with N uptake by corn. The test appeared to work for predicting whether corn crops would respond 
to fertilization with manure but not to mineral fertilizers on Wisconsin farms in 2001. There also 
might have been a positive finding for the test on Iowa farms in 2001 for predicting response to 
manure applications. However, there was no significant correlation between the quantities of amino 
sugar N and the quantity of N that was mineralized during a corn cropping year either in Wisconsin 
or in Iowa. Furthermore, the Paul test for biologically active soil organic C and N did not correlate 
any better with N mineralization (R2 = 0.31 **) than did total C (R2=0.35**) content of the soil. 
Thus neither test appeared to be especially useful for predicting the pool of biologically active N that 
will mineralize during the growing season. Our field test with corn itself provides a real life 
bioassay for N mineralization from organic sources, however we do not yet know a lot about the 
repeatability of the test as it is probably affected by climatic factors that regulate the growth of the 
corn. 

In Wisconsin and Iowa in 2001 we found significant positive correlations between the 
amount of root growth on the one hand, and the quantity ofN that was mineralized from soil organic 
matter and taken up by corn plants. Over all sit~s, root production appeared to correlate in a positive 
fashion with yield for conventional systems where corn followed corn or soybeans (R2 = 0.41 **) but 
not for organic systems where corn followed after perennial forages or soybeans. 

Wisconsin trials with fertilizers suggested that fertilizers had greater effects on N uptake 
and grain yields on those sites where the unfertilized controls produced relatively low yields. On 
average, com plants took up less nitrogen from fertilizers and more nitrogen from native soil 
organic matter sources than we had expected. Twenty trials comparing unfertilized controls with 
fertilizers (applied at normal rates for the farm) indicated that fertilization with mineral nitrogen 
fertilizer increased nitrogen uptake in com on average only by 11 %. Furthermore, 47 trials 
comparing unfertilized controls with normal farm fertilization practices indicated that 
fertilization with manure or manure compost increased nitrogen uptake in corn on average only 
by 10%. Despite this, field budgets involving calculation of nitrogen mineralization rates from 
manure suggested that there was an apparent release (mineralization) of 43%, 36%, and 14% of 
the organic nitrogen from solid livestock manure, composted livestock manure, and liquid 
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manure (see Table 3). This release was relatively independent of the rotation or system. There 
was a wide variation in mineralization of manure-nitrogen from farm to farm. 

In our farm trials in 2000, 2001, and 2002 the root disease scores were highest in 2000 (see 
Table 7). Overall, there were also striking differences in root health according to management 
practices. On 47 sites where conventionally managed com was grown in rotation with cash grains 
(corn, soybeans and small grains/legumes), the root disease scores were 30, 27, 23, and 24%, 
respectively. The average root disease at flowering for the conventional sites was 26%. For 28 
organic sites, where corn followed soybeans or perennial forages with a history of use of animal 
manure, the root disease score averaged 13%. Where com followed after small grains with clover on 
organically managed soil (4 sites) the root disease at flowering time averaged 15 %. Differences 
were significant for contrasts (at the p < 0.001 level) between where corn was grown on conventional 
and organic, between where corn was grown after conventional corn and soybeans vs. after organic 
forages or soybeans, and between where com was grown after conventional corn vs. after organic 
soybeans. · 

Tables 5 and 6 summarize results obtained for the different farming systems in 2001 and 
2002 with respect to root production and N dynamics. Results are averaged only for treatments 
where no fertilizers were applied or manure was applied. Yields were slightly lower in conventional 
systems, but not significantly. Corn· yields for the different systems were comparable with two 
exceptions. Corn grown organically after small grains/clover produced unusually low yields (79 
bushels/acre). These low yields appeared in most cases to be associated with unusually low root 
production and problems with weed competition'. On the other hand, corn grown on organic fields 
after alfalfa-grass mixtures produced exceptionally high yields (153 bushels/acre) .. Com grown 
organically had less root disease than corn grown conventionally (15% vs. 21, p < 1 %), while corn 
grown conventionally produced more roots than organic corn (4910 vs. 4337, p < 5%). Corn grown 
after corn or soybeans in conventional systems produced 5,252 lbs of roots/acre, while corn grown on 
organic fields after forages or soybeans produced 4,442 lbs of roots/acre ( difference significant at p < 
1%). 

The ratio between root production and grain yield was reflected in differences in lbs of dry 
roots per bushel of corn grain produced. On average, com grown conventionally after corn and 
soybeans on 27 sites had root/bushel ratios of 65: 1, while corn grown organically after forages or 
soybeans on 53 sites had root/bushel ratios of 38:1. The highest average root/bushel ratios were 
found with corn following com on conventional fields (90 lbs/bushel) and the lowest ratios were 
found where com followed alfalfa/grass mixtures on organic fields (33 lbs/bushel) (difference 
significant at p < 5%). 

Ratio data is not normally distributed, and isolated crop failures resulted in extremely high 
root/grain ratios. This probably was the case where corn followed small grain/clover mixtures under 
organic production. In this situation, corn growth appears to be stunted, root production was low, 
and corn seems susceptible to weed competition. 

Possibly because it shifted its resources away from grain production and towards root 
production, the conventional corn also took up more N from the soil than the organic corn (202 vs. 
164 lbs N/acre, p < 1%). Corn grown after corn or soybeans in conventional systems needed an 
average of 1.8 lbs ofN for every bushel of grain produced, while corn grown after soybeans or 
forages in the organic systems needed l .~ lbs of N for every bushel of grain produced ( difference 
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significant at p < 5%). Corn that followed corn on conventional fields needed 2.02 lbs ofN/bushel, 
while corn that followed alfalfa/grass mixtures on organic fields needed 0.9 lbs ofN/bushel (p < 1 %). 
Corn grown after small grain/legume green manures was also highly inefficient at converting N to 
yield (2.24 lbs of N/bushel), while corn after soybeans was intermediate (1.57 lbs N/bushel). The 
results with the quantities of N mineralized from soil organic matter and N mineralized per bushel of 
grain were generally similar in tendency to results obtained with N uptake but differences between 
systems were mostly not significant. 

The N contents of the topsoil found on the different farms reflected the difference predicted 
by the budgeter for equilibrium levels of organic matter associated with the long-term use of different 
farming systems. Corn grown after conventional corn or soybeans had N contents in the top 8 inches 
of 4,465 lbs of N/acre, while corn grown after organic soybeans or forages had 5,009 lbs ofN/acre 
(Table 6). Perhaps the largest contrast was found between corn that followed conventional corn 
(3,683 lbs ofN/acre) and corn that followed organic alfalfa/grass (6,142 lbs ofN/acre). The C:N 
ratio of these soils mostly fell between 10: I and 11: 1, and the C content of the soil also was higher 
for the more established organic systems. 

Because conventional soils had lower N contents, and because conventional corn had higher 
N uptake requirements and more roots, the rates of mineralization from soil organic matter were 
higher for com grown in the conventional systems. For corn grown conventionally after corn or 
soybeans, 5.2% of the total N'content may have been mineralized, while for com grown organically 
after organic forages or soybeans, 4% was estimated to have been mineralized. These results again 
appear to underscore that corn has the ability to obtain what it needs of N from soil organic matter. 

DISCUSSION AND IMPLICATIONS OF RESEARCH 
Many of these results parallel empirical evidence gained from studying yields and root 

health for different farming systems on the Wisconsin Integrated Cropping Systems Trials 
(Goldstein, 2000). Our present study confirms those results and also links soil and root health to the 
N dynamics of the corn plant/soil system. Some results of this study challenge both common 
thinking and the budgeter's assumptions of how soil fertility and management work. 

The growth of corn roots is important because they actively facilitate the decay of organic 
matter in the soil by feeding soil microorganism with root exudates. Farmers and agronomists often 
think of available N as being the driving element that determines the yield of com. It is not often 
thought that the corn may itself play a major role in determining the availability ofN through its 
rooting system. Results of this study suggest that the mineralization ofN on both the manured and 
unmanured plots may be partly driven by com roots. This confirms results by Sanchez et al (2002) 
who found that mineralization ofN was increased more than 50% in the presence of corn roots. 

Furthermore, despite indubitable evidence that mineral and organic fertilizers can cause 
large increases in yield under some conditions our results suggested that on average the vast 
majority of nitrogen taken up by com probably comes from soil organic matter even where 
fertilizers are applied. Com seemed quite capable of obtaining most of the nitrogen that it needs 
from soils over a wide range of organic matter-nitrogen contents, seemingly irrespective of the 
content of biologically active soil organic matter. Results also suggested that corn grown under 
conventional farming systems, and in organic small grains/clover systems squandered the 
organic-nitrogen resources of the soil, as they were both inefficient at turning soil organic
nitrogen into grain yields. It appeared to take a lot more N to grow a bushel of conventional com 
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in a com-com or com soybeans system (1.8 lbs N/bushel) than it took to grow corn in an organic 
system after soybeans or forages (1.4 lbs N/bushel). This inefficiency may be due to biological 
factors associated with rotations and soil quality, such as root disease. 

The data also suggests that organic farmers are able to achieve a practical level of soil-borne 
antagonism. Three years of field trials indicated that corn had almost twice as high disease scores 
where it was grown under conventional systems relative to grown in organic systems, with the 
highest disease incidence was found where com followed com (30%) and the least disease was 
found where corn followed organic soybeans (15%). Increased root disease in the early stages of 
growth of corn has been linked with enhanced, compensatory root growth in the late phases of 
growth (Goldstein, 2000). This may account for 'the rotation effect' or lower yield associated with 
poor rotations as root formation takes place at the same time as grain fill and there is competition for 
internal plant resources. By shifting its resources away from grain production and towards root 
production, this conventional corn apparently also mineralized more nitrogen from soil organic 
matter, took up more nitrogen, and needed more nitrogen for every bushel of grain produced than 
did the other systems. In trials conducted in 2001 and 2002, corn grown after com or soybeans 
in conventional systems produced more roots and less yield than com grown in the organic 
systems after soybeans or forages. On average, com grown conventionally after com and 
soybeans on 27 sites had root/bushel ratios of 65: 1, while corn grown organically after forages or 
soybeans on 53 sites had root/bushel ratios of 38:1. Greater root production was possibly caused 
by poorer soil quality and greater root disease problems (see Tables 5 and 6). 

Corn grown after small grains with under-seeded green manure legumes such as red 
clover had low root and grain production and also showed poor nitrogen efficiency. The green 
manure system seemed to be associated with a lowered ability for corn to compete with weeds 
and with a lowering of yield potential. The most efficient systems for transforming soil organic 
nitrogen into grain were where corn followed after alfalfa, alfalfa+ grass, or after soybeans in an 
organic rotation that included perennial forages and routine applications of animal manure. 
These forage-and-livestock based systems also had the greatest potential for carbon retention in 
the soil in soil organic matter. 

We intend to make necessary changes to the budgeter based on what we have learned. 
Future research should involve whole farm nutrient and organic matter budgeting, developing 
methods for better assessing organic matter retention on farms, and further testing of corn 
production, nitrogen and organic matter dynamics in conventional systems and in farming 
systems that involve alfalfa-grass mixtures and manure applications. 

LITERATURE CITED 
Goldstein, W.A. 2000. The effect of farming systems on the relationship of corn root growth to 
grain yields. American Journal of Alternative Agriculture. 15 (3): 101-109. 
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Table 2. Budget predictions of surplus N in the system, N-losses or underestimation of N mineralization, and nitrate-N in the 

soll profile at harvest, and the relationship between predicted and actual values for nitrate-N at harvesl Data summarizes 

results from 132 field trials and budgets with 15 crop sequences and 30 combinations of fertilization and rotations 

in 3 states from 2001 to 2002. 

Budgeter Predicted loss of N (+) or Predicted quantity of 
predicted surplus underestimate of N nitrate-N in soll Actual Nitrate-N in 

Fertilizatl Preceding Number of of N In the system mineralization (-) (lbs profile at harvest (lbs the profile (lbs 
on crop Main Crop Fields (lbs N/acre) N/acre) N/acre) N/acre) 

control alfalfa com 11 130 50 79 75 
manure alfalfa com 9 173 81 92 85 
NPK alfalfa com 4 248 134 114 66 
control com com 7 14 -31 45 54 
manure com com 3 48 -8 55 61 
NPK com com 6 100 30 71 63 
biosolids legume-grass com 3 645 415 230 238 
control legume-grass com 4 106 33 72 113 
manure legume-grass com 3 142 59 83 119 
control oats com 2 -22 -56 35 37 
compost oats com 1 -19 -55 36 45 
control oats/clover com 2 -23 -58 35 24 
control soybeans com 21 42 -12 54 67 
manure soybeans com 7 132 52 80 88 
NPK soybeans com 8 84 18 66 45 
control wheat com 2 4 -39 42 71 
manure wheat com 2 85 18 66 86 
NPK wheat com 1 97 27 70 107 
control wheat/clover com 7 20 -27 47 48 
manure wheat/clover com 5 62 3 59 57 
NPK wheat/clover com 6 33 -18 51 52 
control soybeans oats/clover 3 73 11 63 32 · 
control soybeans sorghum 1 ~61 -84 23 22 
compost soybeans sorghum 2 -24 -58 34 28 
control com soybeans 5 59 0 59 39 
control wheat timothy 1 10 -34 44 4 
control com wheat/clover 1 59 0 59 55 
control soybeans wheat/clover 1 79 15 64 35 
control soybeans barley +/- alfalfa 2 39 -14 53 56 
compost soybeans barley +/- alfalfa 2 75 11 63 55 

total/average 132 80 15 65 64 
control tot/ave 70 35 -16 52 49 
manure tot/ave 29 107 34 73 83 

compost tot/ave 5 11 -34 44 43 
NPK fert tot/ave 5 112 38 74 67 

Predicted minus actual 
nitrate In profile 

(absolute value lbs 
N/acre) 

27 
45 
52 
37 
30 
42 
23 
40 
36 
19 
9 
14 
29 
71 
30 
29 
19 
37 
21 
14 
12 
31 
1 
6 

20 
40 
4 

29 
3 
10 
26 

23 
36 

9 

35 

00 

°' 
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Table 3. Th 

Farm-Field 
& Year 
11-1 01 

4 01 
9 01 
8 01 

24-1 01 
26-1 01 
26-2 01 
35 02 
35 02 
33 02 

23-3 02 
6 01 

21-3 02 
29-1 01 
23-1 01 
17 01 

19-2 01 
20-1 01 . 
20-2 01 
29-2 01 
31-1 01 
22-3 02 
24-3 02 
29-4 02 
11-2 01 
21-1 01 
21-2 01 
18-3 02 

Average 

t f N 

Type of manure 
dairy solid 

dairy compost 
dairy solid 
dairy solid 
beef solid 
beef solid 
beef solid 
beef liquid 
beef solid 

sheep solid 
beef solid 

dairy liquid 
beef solid 
beef solid 
beef solid 
beef solid 

chicken manure compost 
beef solid 
beef solid 
beef solid 

beef, hog & municipal manure 
beef compost 

beef solid 
beef solid 
dairy solid 
beef solid 
beef solid 

beef compost 
all 

solid 
liquid 

compost 

lied with 

The preceding crop 
alfalfa 
alfalfa 
alfalfa 
alfalfa 
alfalfa 
alfalfa 
alfalfa 
alfalfa 
alfalfa 
alfalfa 

alfalfa/grass 
corn 

· corn 
oats/clover 
oats/clover 

w.wheat/clover 
soybeans 
soybeans 
sovbeans 
soybeans 
soybeans 
soybeans 
soybeans 
soybeans 
soybeans 
soybeans 
soybeans 
soybeans 
29 sites 
23 sites 
2 sites 
4 sites 

d its effect N 
Amount of N apparently 
organic-N made 

applied with available by 
manure manuring 

(lbs/acre) (lbs/acre) 
143 25 
235 -2 
167 77 
141 129 
111 118 
131 -1 
131 24 
96 -18 
54 58 
82 26 

107 50 
163 78 
221 94 
291 '48 
126 17 
235 100 
69 0 
86 1 

119 -17 
88 36 

168 13 
195 81 
81 125 

262 93 
189 71 
93 102 
83 -2 
65 68 

140 50 
141 54 
129 30 
141 37 

lizaf 

% of organic N 
in the manure 

that was 
mineralized 

17 
-1 
46 
91 
107 
-1 
18 
-19 
107 
31 
47 
48 
43 
16 
14 
42 
-1 
1 

-14 
41 
8 

42 
155 
36 
37 
109 
-2 

105 
40 
43 
14 
36 
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() 
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Diagram 1. The relationship between the N content of the topsoil and the quantity of N 

N mineralized in lbs/acre 
that is mineralized where corn followed different crops. 
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Diagram 2. The relationship between the N content of the topsoil in 
the spring and the % N mineralized in a corn cropping year for 

manured and unmanured fields all sites, 2001, 2002. 

• N min manured 
- Power (N min manured) 

-Power (N min control) 

0 1000 2000 3000 4000 5000 6000 7000 8000 

Total organic N content of the topsoil (lbs N/acre) 

9000 



...... 
0 
N 

Diagram 3. The relationship between total N content of the soil in 
the spring and the % N mineralized during a corn cropping year in 

% N mineralized different states 
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Table 4. Summary of relationships between farming systems and root disease of corn. 
Values represent specific farming systems on specific fields and are averages 
across fertilization treatments for 2000, 2001, and 2002. 

Contrast Root disease Contrast Root disease 

Number of 
experi-ments Preceding Crop and System Root disease 

number % 

9 corn (conventional) 30 

15· soybeans (conventional) 27 
small grains/clover 

21 ( conventional) 23 

2 alfalfa (conventional) 24 

13 soybeans (organic) 14 
small grains/clover 

4 (organic) 15 

12 alfalfa (organic) 15 

3 alfalfa/grass (organic) 21 

79 total or average 21 

after conventional vs 

after organic 

level of p 

after conv. corn & 
soybeans vs 

organic forages or 
soybeans 

level of p 

after conv corn vs 

after organic soybeans 

level of p 

after organic alfalfa vs 
after organic 
alfalfa/grass 

levetofp 

26 

15 

*** 

22 

13 

**** 

30 

14 

**** 

15 

21 

NS 

conventional corn vs 30 

organic alfalfa/grass 21 

level of p NS 

after forages vs 17 
after small 

grain/legume 22 

level of p NS 

after soybeans vs 21 
after small 

grain/legume 22 

level of p NS 
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Table 5. Summary of relationships between the grain yield and root production of corn 
and N mineralization and uptake from soil organic matter. Corn was either not fertilized 
or fertilized with manure, and grown on conventional and organic farms in Iowa, Wisconsin, 

and Illinois (2001 & 2002). 

Apparent N taken Total 
mineraliz- up by N mineralized amount of Percent of the 

Roots ation of N plants & from soil organic N total organic N 
Number of per Total N from soil grain per organic matter in the that was 

experi- Preceding Crop and Corn Root bushel uptake by organic bushel of per bushel of topsoil 8 apparently 
ments System Grain yield roots disease of grain corn matter corn corn inches mineralized 

dry poundsN 
pounds poundsol pounds of per poundsNper poundsol 

bushels/acre oeracre % Nlacre N/acre bushel bushel N/acre -%-

11 (9) corn (conventional) 103 4632 23 90 211 203 2.02 1.80 3683 6.95 

soybeans -
16 (conventional) 123 5644 21 48 199 180 1.68 1.54 4905 4.26 

small grains/clover 
8 (7) ( conventional) 111 3728 19 46 195 168 2.03 1.88 3840 4.46 

alfalfa 
5 (conventional) 123 5063 19 45 203 223 1.68 1.84 5953 3.83 

22 soybeans (ornanic) 123 4318 13 36 176 189 1.49 1.56 5639 3.44 

small grains/clover 
7 (6) (organic) 79 3542 11 61 144 164 2.48 2.94 4085 3.94 

21 (20) alfalfa (organic) 117 4451 15 43 168 190 1.45 1.69 3977 4.87 

alfalfa/grass 
10 (6) (organic) 153 4697 21 33 126 164 0.90 1.18 6142 2.93 

100 (91) total or averaoe 117 4509 18 50 178 185 1.72 1.80 4778 4.34 
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Table 6. S f ., 

Comparison 

conventional vs 
organic 

level ofp 

after conv corn & soybeans vs 
after organic forages or soybeans 

level ofp 

after conv corn vs 
after organic soybeans 

level of p 

after conv corn vs 
after organic alfalfa/grass 

level of p 

after forages vs 
after small grain/legume 

level of p 

after soybeans vs 
after small grain/legume 

level of p 

after organic alfalfa vs 
after organic alfalfa/grass 

level of p 

.-. 

Grain 
yield 

bushels/ 
acre 
115 
121 
NS 

115 
126 
NS 

103 
· 123 
NS 

103 
153 
NS 

128 
96 
* 

123 
96 
+ 

117 
153 
* 

f1 ... 

Roots per Total N 
Corn Root bushel of uptake by 
roots disease grain com 

pounds pounds of 
per acre % N/acre 

4910 21 59 202 
4337 15 41 164 

* ** NS ** 

5232 22 65 203 
4442 15 38 166 

** ** * ** 

4632 23 90 211 
4318 13 36 176 

+ *** * NS 

4632 23 90 211 
4697 21 33 126 
NS NS * ** 

4604 17 41 165 
3641 15 53 172 

+ NS NS NS 

4876 17 41 186 
3641 15 53 172 

* NS NS * 

4451 15 43 168 
4697 21 33 126 
NS * NS * 

f d ... . f; 
... -

N 
Apparent mineralized 

mineraliza- Ntaken up from soil 
tion of N by plants & organic 
from soil grain per matter per 
organic bushel of bushel of 
matter corn com 

pounds of poundsN poundsN 
N!acre per bushel per bushel 

189 1.83 1.71 
184 1.52 1.72 

. NS NS NS 

188 1.80 1.64 
186 1.40 1.56 
NS * NS 

203 2.02 1.80 
189 1.49 1.56 
NS NS NS 

203 2.02 1.80 
164 0.90 1.18 
NS ** NS 

190 1.38 1.61 
166 2.24 2.37 
NS *** ** 

185 1.57 1.55 
166 2.24 2.37 

+ ** ** 

190 1.45 1.69 
164 0.90 . 1.18 

+ NS NS 

Total 
amount of 
organic N 

in the 
topsoil 8 
inches 

pounds of 
Nlacre 
4548 
4907 
'NS 

4465 
5009 
*** 

3683 
5639 
*** 

3683 
6142 
**** 

4715 
3953 

** 

5330 
3953 

* 

3977 
6142 
**** 

Percent of 
the total 

organic N 
that was 

apparently 
mineralized 

-r .... 
4.89 
3.97 

+ 

5.23 
3.97 
*** 

6.95 
3.44 
*** 

6.95 
2.93 
**** 

4.33 
4.22 
NS 

3.79 
4.22 
NS 

4.87 
2.93 
** 
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THE WISCONSIN INTEGRATED CROPPING SYSTEMS TRIAL: 
I. CORN YIELDS AND YIELD VARIABILITY (1992-2002). 

Josh Posner1*, Jon Baldock1 and Janet Hedtcke1 

INTRODUCTION AND OBJECTIVES 

Southern Wisconsin and much of the upper Midwest was home to mixed grain and livestock 
production systems from the 1880's to early 1960 (Domer, 1986). Since that time however, 
with the introduction of herbicides and chemical fertilizers, farms have tended to become 
primarily focused on either livestock or annual grain production systems. At the same time 
that this trend in specialized rather than mixed farming has been taking place, there has been 
increased scrutiny of farms as sources of non-point pollution. In 1990, in response to 
growing public concern about the environmental impact of this changing agricultural model, 
a large scale (25 ha), long-term study entitled the Wisconsin Integrated Cropping Systems 
Trial (WICST) was initiated at two locations in southern Wisconsin. The purpose of the 
project was to compare alternative grain and forage-based systems using three performance 
criteria: 1) productivity; 2) profitability; and, 3) environmental impact. 

The systems were designed to test the agroecological hypothesis that with increased 
biological complexity, agricultural systems could be maintained highly productive but with 
less reliance on external inputs (Altieri, 1985; Harwood, 1985). As a result, WICST is a 
nested factorial with two enterprise types (annual grain production or forage-based livestock 
production) and within each, three production strategies: a) low crop diversity with high 
inputs; b) medium crop diversity and medium inputs; and, c) high crop diversity and low 
inputs (see figure 1). To adequately test this cropping diversity hypothesis, it was not 
possible to either; 1) fix cropping sequence and only vary input levels ( an input management 
trial); nor, 2) fix input levels and only vary cropping sequence (a crop rotation trial). In this 
study, production management strategies are being compared, so the two factors, sequence 
and input level, are fixed simultaneously to represent realistic cropping systems. This 
confounding of crop rotation and input level is both the strength and weakness of the WI CST 
project. It makes it difficult to identify the exact factor causing variability between 
treatments, yet it is the only way to compare production strategies. 

The purpose of this, and subsequent articles are to summarize the findings of the first 12 
years of research (1990-2001) on the WI CST plots. To manage the trial, a team consisting of 
farmers, technical service providers, extension agents, the two farm managers and 
researchers from the Michael Fields Agricultural Institute and University of Wisconsin 
College of Agriculture and Life Sciences was formed. A description of how the team was 
formed is available in earlier publications (Posner et. al, 1992, Stevenson et al. 1994). 

1 J. Posner and J. Hedtcke, Dep. of Agronomy, Univ. of Wisconsin, Madison, WI 53706, J. Baldock, Agstat, 
Verona, WI 53593. *Corresponding author (jlposner@facstaff.wisc.edu). 
This paper would not have been possible without the efforts of the other WICST team members, especially John 
Hall, Jim Stute, Tom Mulder, and Scott Alt. 

106 



WICST 9th Technical Report 

An obvious initial criterion in comparing production systems is crop productivity. Three 
fundamental research questions were asked: 
Question #1. Do the low input, biologically diverse production systems have lower yields 
than the high input production systems? 
Question #2. Do the low input, biologically diverse systems have greater annual yield 
variability than the high input systems? And 
Question #3. If the low input, biologically diverse systems do have lower yields, do they 
gradually increase in productivity over time, approaching that of the high input systems. 

At the time this work was started, most of the literature suggested that organic systems would 
be less productive than the higher input systems (Berardi, 1978; Crosson and Ostrov, 1990; 
Helmers et al., 1986; Klepper et al, 1977). For example, a survey conducted in Ohio in 1990 
indicted that the certified organic field crop producers (n=19) had yields equivalent to 72% 
for com, 80% for soybeans, 70% for wheat and 68% for hay of their conventional farming 
counterparts in the Ohio Farm Household Longitudinal Survey (n=960) (Batte et al, 1993). 
However, some studies were available indicating that organic yields were nearly equivalent 
to conventional yields (Lockeretz et al. 1978; Lockeretz et al., 1981; Cacek and Langner, 
1986). The former argument, by the mid-90's, was being used by some (Avery and Avery, 
1996) to argue that the agricultural research focus must be kept on high input agriculture, as 
shifting to organic agriculture would result in massive food shortfalls in the future. 

There was less information available about the impact of cropping system on yield stability. 
It had been reported, however, that organic systems did not show increased variability in net 
returns (Helmers et al., 1986). Nevertheless, discussions with growers indicated that they 
were particularly concerned about the potential for increased weed pressure and reduced 
nutrient availability in the low input or organic systems, resulting in economic losses in some 
years. And, there was a general consensus that shifting to organic systems would require a 
period of transition before yields would rise. Initial analyses on the Rodale Conversion Trial 
(1981-1985) indicated that com yields were only 75% of conventional yields during the first 
four years of the study (Liebhardt et al., 1989). Duffy and colleagues (1989) did an 
economic study of the alternative "starting points" of the organic rotation and concluded that 
these systems needed to start with low input crops (small grains) or nitrogen fixing crops 
(legumes). 

The objective of this report is to compare the yields, variability of yields, and yield 
time trends of the cropping systems in the WI CST. The last objective is particularly 
important in view of the expectation that cropping systems, especially those with 
low external inputs, have a period of transition before reaching more stable output 
levels (Cady, 1991; Liebhart et al., 1989; Dabbert and Madden, 1986). Also, it 
would be counterproductive to calculate and discuss simple means of crop yields 
averaged over time if time trends existed showing increasing or decreasing yields. 
As a final note, crop yield is clearly not the only factor to consider in designing 
sustainable cropping systems, but it is among the key items and other reports will 
examine additional important factors. 
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MATERIALS AND METHODS 
Cropping System Trials and Terminology 

By "cropping system" we mean the combination of a crop rotation and a 
management philosophy. This is a slightly more general definition than the one 
implied, but not stated, in Cady (1991) that a cropping system is the combination of 
a crop rotation and a set of specific management practices. Substitution of a 
management philosophy for specific practices allows the flexibility to keep up with 
rapidly changing technologies such as changes in varieties, weed control, and row 
spacings. We used a panel of farmers and researchers to guide such changes and 
ensure that they were consistent with the overall philosophy of each system (Posner 
et al., 1992; Posner, Casler and Baldock. 1995). Cropping system trials such as 
these may be viewed as fractions of the full factorial combinations of crop rotations 
by treatments discusse.d in Patterson (1965) and Cady (1991). By choosing only the 
treatment combinations that are appropriate for each crop rotation, every cropping 
system is compared near its optimal level and problem of impractically large full 
factorials that Cady (1991) warned of are avoided. This flexibility and efficient size 
of cropping systems trials comes at a price however; that is, the ability to identify 
specific causes of differences among systems is mostly lost. Definitions of the 
terms: crop rotation, crop sequence, phase, cycle, and test crop; are consistent with 
those originated by Cochran (1939) and Yates (1949 and 1954). Cady (1991) 
provides a more recent statement of them. 

Experimental Design and Establishment 

The WI CST study consists of six cropping systems, replicated four times, at two sites in 
southern Wisconsin. The cropping systems include three cash grain systems and three forage 
systems and within each group the crop rotation ranges from a monocrop to a more diverse 
crop mixture and the external inputs from high to low (Table 1 and Fig. 1). Although CS5 is· 
nominally a medium external input system, it is a low external input system relative to most 
conventional systems. Rainfall and growing degree-day units are reported on Table 2 for the 
Arlington site and Table 3 for the Lakeland site. 

The trials were established in 1989 with each site (25 ha) planted to com to improve the 
uniformity and allow baseline measurements to be taken. In addition, this homogeneity year 
was used to identify an adequate sampling procedure for baseline variables and to block the 
trial. Based on the 1989 com yield map, the trials were laid out with four blocks and 14 plots 
(each about 0.3 ha), representing the 14 total phases in the six systems. Three-meter grass 
strips separated plots. Due to the size of the plots, all fieldwork was done with field size 
equipment requiring that 17 m alleyways separate the blocks. 

Except during the staggered start, which was completed in 1993 (Posner, Casler, Baldock, 
1995), every phase was present every year for all the crop rotations, thus meeting a core 
requirement of a crop rotation trial (Cady, 1991). The staggered start was used to replicate 
each phase of the crop rotations in time, thus providing a more powerful analysis of time 
trends by cycle than could be accomplished with an even start of all possible crop sequences 
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for a crop rotation. Posner et al. (1992) and Posner, Casler, and Baldock (1995) 
provide additional details on the design and conduct of the WIS CT. 

Sites 

South central and southeastern Wisconsin primarily lie in Major Land Resource area 95B. 
(U.S. Dept. of Agric., 1981). Soils within this land unit are primarily prairie-derived soils 
and vary along two gradien~s, the depth of silt loam loess cap over glacial till, and internal 
soil drainage. One site is the somewhat poorly drained Lakeland Agricultural Complex 
(LAC), on the Walworth County Farm, and the other is a well-drained site at the University 
of Wisconsin Arlington Research Station (ARS). Both sites had been in a primarily dairy 
rotation of com and alfalfa with manure for the 20 years prior to establishing the trial. As a 
result, both sites had high organic matter levels ( 42-44g/kg), soil pH levels around 6.8, and 
high soil test phosphorus (160 mg/kg Bray I) and soil test potassium (220 mg/kg 
exchangeable K) values. Approximately 70 miles separate the two sites. A summary of the 
weather characteristics over the period of the study is presented in Tables 2 and 3. 

Statistical Analyses 

Crop rotations, and thus cropping systems, may have direct, residual, and 
cumulative effects on soils that are generally measured in terms of crop yield (Cady, 
1991). Some have regarded these trends as a measure of sustainability (Singh and 
Jones, 2002), but we prefer to regard them simply as a measure of productivity, 
which is only one part of sustainability. In either case, the existence of time trends 
should be investigated first, because if such trends exist, then they render discussion 
of means over extended time periods less consequential, especially if the trends are 
not the same across cropping systems. 

Cady (1991) describes four methods for determining the existence of time trends: 1) 
univariate split-plot analyses where the subplot is time, 2) multivariate repeated 
measures analyses, 3) analyzing estimated polynomials coefficients for each plot, 
and 4) modeling approaches such as using the Mitscherlich equation. He also notes 
the need to quantify the correlation between errors in measurements necessarily 
made on the same plots over time. Recent advances in statistical theory and 
software in the form of Restricted Maximum Likelihood (REML) models with 
multiple options for the covariance structure of the error matrix provide a way to 
handle both tasks (Singh and Jones, 2002). We used these new methods as 
implemented in the Statistical Analysis System Proc Mixed first to determine how 
best to d_escribe the possible correlation· and heterogeneity of errors as described in 
Wolfinger (1996). Then we tested the existence of time trends (where cycle was the 
unit of time) using the sequence of models outlined in the analysis of covariance 
chapter in Little et al. (1996). Initial runs estimate the block and block by cycle 
interactions to be zero or very close to zero when plots were used as the subjects. 
Thus, the effect involving blocks were not included in the analyses for time trends. 
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RESULTS AND DISCUSSION 
Corn Yields 

The yields reported in Table 4 were calculated considering all effects (year, system and 
blocks) as fixed effects. As a consequence, these results are descriptive and only apply to the 
research sites and the years reported on (1992-2002). The analysis indicates that corn yields 
were generally 30 to 40 ·bu/a higher at Arlington than Lakeland. The most likely reason for 
this large difference is that there were a number of wet and/or cold springs ('92, '93, '96) 
during the trial, and grain yields were low at the more poorly drained Lakeland site (see 
Table 3 and Table 4). 

To address the question of relative yields of the low and high input systems (Question #1), a 
series of linear contrasts were made. The linear contrast comparing the organic, cash grain 
system (CS3) to the higher input cash grain systems (CSl and CS2) showed a significant 
advantage of 19 bu/a at Arlington (P<0.01) and an advantage of 12 bu/a at Lakeland 
(P<0.01). In the forage systems, the benefit for high inputs (CS4) over organic inputs (CS5) 
was 19 bu/a at Arlington (P<0.01), while at Lakeland it was 25 bu/a (P<0.01). 

Corn Yield Variability Over Years 

At the outset of the trials it was anticipated that the low external input systems 
might show greater variability than the higher input systems (Question #2) .. There 
are· several possible measures of the yield variability. The Mean Square Error from 
standard ANOV As would estimate the plot-to-plot variability, which would 
correspond to field-to-field variation. While the disparity between fields may be of 
some interest, most farmers would be more concerned about the variation in total 
yields from year-to-year. One measure of the latter is the standard error of the mean 
calculated in a PROC MIXED analysis of the model 

Yieldij = µ + yeari + Eij 

When the above is used with years as a random factor, the standard error, or 
variance, of the overall mean is a measure of the variability predicted for yields in 
any year (not just those included in the study). Table 5 gives the variances of the 
mean yields for each system at ARS and LAC. There is some hint of greater 
variation with the low input system, CS3, at ARS; however, the difference is too 
small to be statistically significant at,either site with Bartlett's test on equal 
variances (P=0.8 at ARS and P=l .O at LAC). Thus, there the data from the WICST 
trials do not support the contention that the low input systems are more variable in 
corn grain yield than the higher input systems. 

Corn Yield Trends 

Arlington site. Figure 2 shows the mean corn yields for CS 1 and CS2 for 6 cycles. Initially 
CS2 yields were greater than those.in CSl, however in the last two cycles, CSl out 
performed CS2. This difference led to significantly different slopes when linear regression 
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models were fit to the two cropping systems. But the quadratic model also fit the data and in 
that model there was no significant difference between the two systems. The slight decrease 
in yields for Cycles 2 and 3 were largely due to the cold, wet weather in May and June 1992 
and 1993 (Tables 2a, 2b ). CS 1 yields substantially increased with better weather in the later 
cycles. On the other hand, CS2 com yields showed only a small increase in the last two 
cycles. This lack of response may have been due to the switch to a fully no till system in 
1994. Differentiating the quadratic model provides an equation to estimate the slope, that is 
the change in yields with time. Using this equation the slope over the last three cycles 
(Cycles 4-6) averaged 6.0 bu/a/yr. Additional cycles should determine if the two systems 
really do yield similarly in the long run or if CS 1 com yield will continue to improve relative 
to those in CS2. 

Figure 3 illustrates the mean corn yields for CS 1 and CS3 for 4 cycles. Although 
the data look as if the quadratic model would provide a good fit as it did for CS 1 
and CS2, none of the terms in the quadratic model were statistically different from 
zero. Also, the linear slope term for CS3 was not statistically significant. That 
leaves the overall CS3 mean, 146 bu/a, as the best estimate of the corn yields in this 
system. Regrouping the CS 1 data as if it had 3 phases had little effect on the 
estimate of increasing yields. The estimate of a 23. 7 bushel/acres increase per 
cycle, which translates into a 7 .9 bushel/acre increase per year is very close to that 
calculated for CS 1 above. As a result of the increasing corn yields for CS 1 and the 
flat yields for CS3 these data project an increasing advantage for CS 1 over CS3. 
Possible reasons for the flat CS3 productivity include insufficient N, low 
availability of soil P and K in cold springs, and weed competition. 

Support for these causes .of the constant CS3 yields comes from the linearly 
increasing corn yields in the other three-phase rotation CS5 (Fig. 4). Alfalfa 
preceding the corn provided substantially larger N credit in CS5 than did the red 
clover cover crop in CS3. Also the applications of manure in CS5 provided N, P, 
and Knot added in CS3. Finally, the repeated cuttings of the alfalfa reduced the 
annual weed pressure in CS5. These advantages led to a mean yield of 166 bu/a 
compared to the 144 for CS3 and an average increase of 11.1 bu/ a per cycle (3. 7 
bu/a/year) versus none for CS3. Nevertheless, the increase was not as large as in 
CS 1 causing an interaction in which CS 1 yielded less than CS5 initially, but more 
than CS5 by the end of the report period (Fig. 4). 

A similar interaction occurred between CS 1 and CS4 corn yields (Fig. 5). The 
regression equations predict a 34-bu/a advantage for CS4 in Cycle 1. However, the 
advantage is predicted to switch to CS 1 by Cycle 5 despite the fact that both are 
high external input systems and CS4 has the benefit of being in a crop rotation with 
alfalfa. It will be interesting to see if this crossover materializes as predicted. 

Lakeland site. Due to increased interest in organic rotation possibilities in SE 
Wisconsin changes were made in the two rotations in 2000. As a result, the data can 
only be analyzed between 1992 and 1999. In addition, due to the very wet spring in 
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1996 (Table 3a, 3b), corn was planted and replanted several times and did not 
produce an adequate stand until the June 25 planting. When the corn grain yields 
for 1996 were omitted, CS 1 and CS2 corn yields at Lakeland followed a pattern of 
increasing yields similar to that found at Arlington (Fig. 6). Moreover, there was no 
significant difference between the slopes for separate linear regressions. Thus, a 
common slope was estimated at 12.9 bu/a per cycle or 6.5 bu/a/year. This value is 
very close to the 7.4 bu/a/year increase found at Arlington for these cropping 
systems. The difference in intercepts of 8.3 bu/a was nearly significant. 

The very low corn grain yields in 1996 caused an apparent decrease in productivity 
for CS1, CS3, and CS5 when the 3-phase systems were compared. Also, the REML 
estimates from PROC MIXED were unstable for these systems, perhaps because 
there were only two cycles. However, when the 1996 data was omitted and the least 
squares estimates from PROC GLM were used, there were no significant trends in 
productivity although CS3 and CS5 showed a small increase for Cycle 2 compared 
to Cycle 1 (Fig. 7). The reasons for the lack of significant increases in productivity 
for CS3 are mostly likely the same as cited for Arlington, but it is unclear why CS 1 
and CS5 did not show the same increase in productivity at both locations. 

CONCLUSIONS 

We started this yield analysis with three questions: 1) do the low input, biologically diverse 
production systems have lower yields than the high input production systems; 2) do the low 
input, biologically diverse systems have greater annual yield variability than the high input 
systems; and 3) if the low input, biologically diverse systems do have lower yields, do they 
gradually increase in productivity over time, approaching that of the high input systems. 
Our findings, initially only looking only at the corn phase in five of the rotations were not as 
we anticipated. 

• Using a fixed effects model, we found that during the reporting period, the low input 
systems did result in lower average com yields-between 10 and 20 bu/a less in the 
high input grain systems 

• The analysis of com yields over the 12-year period indicates that the lower input 
systems do not have significantly higher yield variability than the high input systems. 
Although there is a hint at Arlington that CS3 com yields were the most variable, it 
was not significantly higher than in the other systems. Variability in the more poorly 
drained Lakeland site was approximately twice that of the better-drained Arlington 
site. 

• Com yields in both the continuous com and no-till corn-soybean systems at Arlington 
showed an upward annual yield trend of 6.0 to 7.5 bu/a/year over Cycles 4-6 and at 
Lakeland an upward yield trend of 6.5 bu/a/yr over cycles 1-4. The similarity of the 
yields and the yield trends was unexpected as we anticipated that with Best 
Management Practices, the corn yields in rotation with soybeans (CS2) would exceed 
those of continuous com (CSl). 

• Com yields in the organic system did not show an upward trend at either site, thus the 
overall means adequately characterize the CS3 yields over time (Arlington 146 bu/a; 
Lakeland 116 bu/a). Again, this was unexpected as we anticipated that our learning 
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how to manage com organically and the gradual change is the soil flora and fauna 
would favor a gradual increase in organic com yields. 

• Corn yields from the systems with manure and plow down alfalfa were generally the 
highest at both locations. This was expected. What was surprising at Arlington is 
that the rate of yield increase for continuous corn (CS 1) was actually higher than with 
the organic forage rotation (CS5) and the high input forage rotation (CS4). It will be 
interesting to see if the crossover in yields actually materializes in the future and 
continuous corn regularly out yields corn in the forage based rotations. 
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Figure J. Schematic diagram of the cropping systems of tho \V[CST experiment. 
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Table 1. Details of cropping systems. 

Cash grain systems: 
CS1: A monocropped com (Zea mays) (C) sequence with high external inputs. A 105-day RM 

com hybrid was used. Weeds were managed with interrow cultivation and herbicides. 
Insecticides were annually applied to control com rootworm (Diabrotica vigifera) 
populations. In addition to starter fertilizer, nitrogen applications were based on Early Spring 
Nitrate Test results. After com harvest, the residues were chopped and incorporated by chisel 
plow in the fall. 

CS2: A two-phase soybean (Glycine max) (S) com rotation denoted S-C with medium external 
inputs. 2.3 maturity class soybean varieties and 105-day RM com hybrids were used. This 
rotation was managed with no-till practices and weeds were controlled with herbicides. In 
addition to starter fertilizer, nitrogen application to the com phase was based on Pre
Sidedress Nitrate test and the soybeans were drilled. 

CS3: A three-phase rotation of soybean, winter wheat (Tri ti cum aestivum) (W) with red clover 
(Trifo/ium pratense) cover crop, and com denoted S-Wrc-C with low external inputs. A 95-
day RM com hybrid, 1.9 maturity class soybean variety, and a winter hardy wheat variety 
were used. T4is rotation was managed without chemicals, and the weeds during com and 
soybean were controlled with rotary hoeing (2 to 4x) and mechanical cultivation (2x). The 
fields were chisel plowed after the com phase. The com and soybeans were planted on 76 cm 
rows and the winter wheat was drilled after the soybean harvest during the first two weeks of 
October. The red clover was seeded the following winter while the ground was frozen. The 
clover biomass was under cut in the fall, and incorporated prior to com planting. 

Forage-based management summary: 
CS4: A four-phase rotation of three years of alfalfa (Medicago sativa) (A) followed by com 

denoted A-A-A-C. The alfalfa was solo seeded. Weeds were controlled with herbicides and 
interrow cultivations during com. Pyrethroid insecticides were occasionally applied to 
control insect pests. Manure, at the rate of20 tons acre·1 (15% d.m., 5 kg N ton·1), was 
applied in mid November following the last phase of alfalfa and following com. A chisel 
plow with sweeps incorporated the manure and undercut the alfalfa roots. This rotation was 
dropped from LAC in 1999. 

CS5: A three-phase rotation of alfalfa companion seeded with oats (Avena sativa) and peas (Pisum 
sativum) (A/0), alfalfa, and com denoted A/0-A-C with medium external inputs. There were 
no chemical inputs in this system and weeds were managed by interrow cultivations during 
com. Manure, at the rate of 15 tons acre·1 (15% d.m., 5 kg N ton·1), was applied and 
incorporated by chisel plow after the com harvest and after the last phase of established 
forage. This rotation was dropped from LAC in 1999. 

CS6: A pasture mix ofred clover, timothy (Ph/eum pratense) and brome (Bromus inermis) denoted 
P with low external inputs. .The paddocks at both sites were rotationally grazed with four to 
five heifers from April to October. The red clover was periodically re-seeded and the pasture 
was completely reestablished at LAC in 1998 due to poor stand quality. 
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Table 2a. Rainfall data summary (inches) 

1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 mean 1961-
1990 
mean 

April 2.49 4.52 3.96 7.06 2.28 3.37 2.64 0.65 3.71 5.95 3.38 3.14 3.30 3.57 2.84 
May 4.25 1.91 1.22 4.52 1.99 5.95 3.20 3.30 4.06 4.22 10.46 4.70 2.99 4.06 3.13 
June 6.32 2.63 1.19 6.10 7.93 2.15 7.76 4.86 6.81 4.17 7.17 6.98 4.36 5.26 3.80 
July 1.57 3.75 5.80 9.40 6.08 2.81 2.42 6.00 2.14 3.43 3.43 2.92 2.95 4.05 3.42 
Aug. 5.36 1.78 1.91 3.20 4.03 5.02 2.83 3.20 6.71 2.53 3.35 5.39 2.93 3.71 3.88 
Sept. 1.22 4.70 7.46 4.20 4.65 1.78 0.86 1.61 2.98 1.41 3.14 5.22 1.94 3.17 4.28 
Oct. 2.29 6.75 1.26 1.17 0.50 4.19 3.29 1.35 3.41 1.38 0.80 1.65 3.92 2.46 2.38 

Table 2b. Growing Degree Days (base 50) 
1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 mean 1961-

1990 
mean 

April 202 207 85 95 182 90 123 108 137 128 126 184 164 141 148 
May 274 461 366. 326 346 302 247 192 385 362 386 346 254 327 341 
June 552 594 458 449 542 636 535 549 510 805 457 334 272 515 516 
July 616 629 492 588 540 696 574 597 655 736 595 674 737 625 645 
Aug. 592 594 475 596 526 775 607 455 651 514 638 639 615 590 583 
Sept. 459 387 343 266 442 371 408 383 478 357 414 324 464 392 383 
Oct. 189 194 167 168 212 217 202 218 175 171 263 325 459 227 184 

Table 3. Weather data at Lakeland. 1990-2002 vs. 30 
Table 3a. Rainfall data summary (inches) 

1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 mean 1961-
1990 
mean 

April 3.40 4.15 2.17 5.55 2.37 4.75 2.58 2.64 3.60 5.64 4.41 3.46 3.59 3.72 3.66 
May 5.53 2.32 0.89 1.90 0 .. 66 2.44 5.69 3.15 4.61 5.15 10.59 3.75 2.57 3.79 3.25 
June 5.27 1.56 1.34 8.50 3.71 1.57 6.61 5.36 6.76 8.79 4.14 6.19 4.56 4.95 3.88 
July. 2.51 2.45 7.07 4.35 1.97 3.13 3.24 3.20 1.65 1.02 2.69 2.52 0.49 2.79 4.30 
Aug. 3.93 2.04 2.56 2.80 4.48 8.34 1.93 2.03 2.17 2.42 3.50 4.75 5.36 3.56 3.92 
Sept. 0.96 4.94 4.36 3.44 1.90 2.08 1.57 4.25 2.66 4.23 4.70 6.93 4.21 3.56 4.09 
Oct. 3.38 6.21 0.89 0.50 0.76 4.22 2.56 1.82 4.20 0.98 1.19 4.51 3.23 2.65 2.74 

Table 3b. Growing Degree Days (base 50) 
1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 mean 1961-

1990 
mean 

April 191 165 110 86 165 59 117 135 164 154 157 236 188 148 158 
May 182 458 331 328 338 261 219 230 462 410 412 384 287 331 365 
June 5~5 617 462 460 562 585 454 575 569 598 548 534 619 547 560 
July 601 658 555 653 605 695 673 693 732 847 662 737 804 686 696 
Aug. 614 628 452 630 490 751 681 594 749 648 680 702 724 642 646 
Sept. 437 399 348 250 430 343 416 459 569 448 451 399 548 423 436 
Oct. 159 174 153 156 202 173 198 268 467 241 298 193 149 218 210 
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Table 4. Mean corn grain yields by cropping system. 
System Arlington, bushel/acre T Lakeland, bushels/acre+ 
CS1 
CS2 
CS3 
CS4 
CS5 
Mean 
LSD(10%) 

Mean yields 1993 through 2002. 
t Mean yields 1993 through 1998. 

162 125 
168 134 
146 117 
185 146 
166 121 
165 128 

3.6 7.6 

Table 5. Variability of mean corn yields by year within a site. 
System Variance of mean 

ARS 
CS1 80.7 
CS2 77.8 
CS3 139.3 
CS4 69.4 
CS5 74.9 
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LAC 
421.6 
492.6 
411.9 
439.1 
463.7 
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ARS Corn Yield Trends: CS1 & CS2 
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Fig. 2. Mean com yields for CS 1 and CS2 by cycle (n=8). Dashed line is plot of common 
Regression: Yield= 180.2-23.4*Cycle + 4.193*Cycle"2, each term in the model is statistically 
significant at the 1 % level. 
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Fig. 3. Mean com yields for CS1 and CS3 by cycle (n=12 for Cycles 1-3, n=8 for Cycle 4). The 
regression equations are CS1: Yield= 98.7 + 23.7*Cycle and CS3: Yield= 141.9, each term in the 
models is statistically significant at the 1 % level. 

118 



WICST 9th Technical Report 

ARS Corn Yield Trends: CS1 & CS5 
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Fig. 4. Mean com yields for CS1 and CS5 by cycle (n=l2 for Cycles 1-3, n=8 for Cycle 4). The 
regression equations are CS1: Yield= 98.7 + 23.7*Cycle and CS5: Yield= 133.7 + 11.1 *Cycle, 
each term in the models is statistically significant at the 1 % level. 
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Fig. 5. Mean com yields for CS1 and CS4 by cycle (n=l6 for Cycles 1-2, n=8 for Cycle 3). 
The regression equations are CS1: Yield= 103.9 + 29.7*Cycle and CS4: Yield= 151.5 + 
18.6*Cycle, each term in the models is statistically significantat the 2% level. 
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LAC Corn Yield Trends: CS1 & CS2 
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Fig. 6. Mean com yields for CS1 and CS2 by cycle (n=8 except for Cycle 3 where n=4). The regression 
equations are CS 1: Yield= 111.7 + 12.92*Cycle and CS2: Yield= 120.1 + 12.92*Cycle. The slope is 
statistically significant at the 1 % level. 
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Fig. 7. Mean com yields for CS1 and CS3 by cycle (n=I2 for Cycles 1; n=8 for Cycle 2). The slopes of 
the regression equations were not significant, thus the overall mean for each system was the best estimate 
over these cycles. 
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EARTHWORM POPULATIONS ON THE WICST PLOTS: 1999-2001 
Jon Simonsen, Martha Rosemeyer, and Josh Posner 

INTRODUCTION 

Earthworms are an important soil organism that can indicate a healthy soil (Romig et al. 1995). 
Soil ecologists have also recognized their importance as an indicator species because they are 
relatively easy to sample, have a large impact on the soil environment, and respond to 
agricultural management in fairly predictable ways (Paoletti 1999). In this study, our primary 
objective was to determine the effect of crop rotation on earthworm abundance. Two types of 
earthworms are found on the WICST plots: topsoil-dwelling and subsoil-dwelling (night 
crawlers) species. 

MATERIALS & METHODS 
Sampling: To sample topsoil-dwelling (endogeic) earthworms, soil cores were extracted from 
plots at Arlington and Lakeland in the spring of 1999, 2000, and 2001 from a lO"xlO"xlO" 
volume (Fig. 1). Each sample was sorted through a Yi inch sieve to ensure that all of the soil was 
thoroughly searched. The total numbers of earthworms were recorded and adults were identified 
to species. 

Soil core sampling often misses the night crawlers (anecic) because of the deep, semi-permanent 
burrows that are created by this species. Night crawler populations were estimated by counting 
the number of active middens (small mounds of litter and casting material created by feeding 

activity at the soil surface above the burrows) in a 1.0 m2 quadrat. This sampling took place in 
mid-summer of each year from 15 areas of each plot. 

Computations: The earthworm measurements were taken during each phase of the rotations. As 
a result, cropping systems counts are the means of the individual phase measurements. 

Figure 1. Soil corer 
used to sample topsoil 
dwelling earthworms. 
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RESULTS 

Topsoil dwellers (Aporrectodea spp.) As can be seen in Fig. 2, the forage rotations (CS4-CS6) 
had more topsoil dwelling earthworms (175/m2

) than did the cash grain rotations (CSI-CS3) 
(50/m2). Within farm enterprise, the no-till system (CS2) had the most earthworms for the cash 
grain systems, and rotationally grazed pasture (CS6) was highest for the forage systems. 
Fig. 2. Average number of topsoil dwelling earthworms at Arlington and Lakeland on 6 
cropping systems (1999-2001). 
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Night crawlers (Lumbricus terrestris): Figure 3 is not a count of night crawlers directly, but 
their middens ( estimated 1.2 midden/worm). A similar pattern appears where the no-till plots 
have the most middens in the grain rotations; the forage rotations are nearly equal to each other, 
but with this species not as abundant as in the no-till plots. 

Fig. 3. Average number of night crawler middens at Arlington and Lakeland on 5 
cropping systems (1999-2001). 
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DISCUSSION 
A detailed analysis among the phases indicated that the systems differences among the topsoil 
dwelling earthworms could be attributed primarily to the addition of manure in the forage · 
systems, and the reduced tillage in the no-till system and during the hay phases of.the forage 
rotations. With the night crawlers, manure additions did not affect numbers, but tillage was the 
key factor in reducing their numbers. The primary explanation for the increased numbers of 
night crawlers at Arlington compared to the Lakeland farm, however, was due to improved soil 
drainage at Arlington. 

CONCLUSION 

Although the absolute numbers of earthworms vary markedly between years and sites, the 
relative numbers of earthworms is a characteristic of crop rotations. Input level did not appear to 
markedly impact earthworm numbers. Our findings indicated however, that rotations with 
reduced tillage, or manure additions will have increased earthworm numbers. 
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A COMPARISON OF MYCORRHIZAL COLONIZATION IN CORN IN 
CONTINUOUS AND ORGANIC SYSTEMS 

Caroline Brock, Dr. Walter Goldstein, Dr. Joshua Posner, Dr. Martha Rosemeyer 

INTRODUCTION 

Mycorrhizal fungi are a symbiotic organism that commonly occurs with many crop 
plants. Most agricultural crops are colonized by an endomycorrhizae, vesicular arbuscular 
mycorrhizal fungi (V AM), whose presence is characterized by distinct fungal structures formed 
within the root cortex of the plant host. The benefits that mycorrhizal fungi give to host plants 
include increased nutrient uptake, improved root heal!}i and expanded effective root surface area, 
as well as creating a desirable environment for othersymbionts such as rhizobium. However, 
mycorrhizal fungi also consume valuable carbohydrates from their host plants and may in certain 
situations cost the plant more in resources than the benefits associated with their presence 
(Johnson et al, 1997). Mycorrhizal fungi seem to be especially stimulated in cropping systems 
which incorporate crop rotations, green manures, reduced tillage, minimize pesticides and 
chemical fertilizers while utilizing organic amendments (Douds et al., 1997). 

Continuous, organic cash grain and forage systems were selected for study as a result of 
the potentially important role that mycorrhizal fungi play in cropping systems. A continuous 
com system (CS1) and a three year organic forage/dairy system (CS5; com-oats/field pea/alfalfa 
- hay) are both systems that occur on farms in the Upper Midwest. An alternative three year 
organic cash grain (CS3; com-soybean-wheat/red clover) was included in the comparison. In 
addition, organic and biodynamic compost was added to the subplots in the two organic systems. 
The study was focused on testing the following hypotheses. 

Hypothesis # 1: Mycorrhizal colonization will be higher in the organic dairy and grain systems 
than in the continuous com system as a result of beneficial management practices. 

Hypothesis# 2: The addition of compost will result in greater mycorrhizal colonization. 

METHODS 

The research subplots were 4.57 m X 7.62 m (6 rows X 25 feet) on the edge of the larger 
WICST plots which were 0.3 hectares. Organic forage plots were only sampled in 2001 so there 
were four sampled treatments in 2000 and all seven were sampled in 2001 (Table 1). The 
continuous (CS1) system received starter fertilizer and nitrogen fertilizer. The organic cash grain 
(CS3) and organic forage (CS5) subplots each had three treatments consisting of control 
(receiving no dairy manure compost) ( chk), a subplot treatment of dairy manure compost ( og), 
and a subplot treatment of biodynamic dairy manure compost (bd). (The organic systems were 
managed without chemicals but were not certified by a third party agency). Compost was 
applied at a rate of 180 kg/hectare available nitrogen equivalent which is similar to the rate of 
chemical fertilizer that was applied on continuous com (CS1). Special botanical preparations 
were added to biodynamic subplot treatments that are thought to improve soil and crop quality in 
the farming system. Weed and pest management was primarily chemical in the continuous 
system (CS1) compared to mechanical management in the organic systems (CS3 and CS5). In 
2000, com in the organic cash grain (CS3) system was replanted with an early maturing variety 
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over a month after the original planting date due to the lack of germination probably as a result 
of excess moisture and fungal infection. 

Three soil blocks (38.1 cm X 17.78 cm X 20.32 cm) were taken from representative com 
plants in each of the subplots (refer to Table 2 for dates). Roots were separated based on nodal 
system (refer to Figure 1). In 2000, nodes 1 through 3 were analyzed and in 2001, a weighted 
average of nodes seminal-five was analyzed. 

Roots were stained according to a slight variation of the Phillips and Hayman method 
(Phillips and Hayman, 1970). Stained roots were analyzed for mycorrhizal fungal root 
colonization based on the gridline intersection method described by Giovannetti & Mosse (1980) 
where root fragments are spread on a petri dish and a minimum of 750 intersections on a gridline 
were assessed for mycorrhizal colonization. Each intersection was recorded as either being 
colonized or not colonized. 

RESULTS 

In contrast to hypothesis #1, mycorrhizal colonization levels did not differ by farming 
system in any sampling month (July, August, September) in 2000 (Figure 2; Table 3). There was 
a trend however, in all months for higher levels of mycorrhizal colonization in continuous (CS 1) 
com than the organic cash grain (CS3) (Figure 2; Table 3). In addition, mycorrhizal colonization 
was not statistically different with compost application (Figure 2; Table 3). 

Mycorrhizal colonization levels differed by cropping system in June 2001 (Figure 3; 
Table 4 column a). In June, continuous corn had higher colonization levels than an average of 
organic check com from the grain and forage rotation (Table 5; Contrast #1). Check plots in 
cash grain systems had higher levels of mycorrhizal colonization than forage systems (Table 5; 
Contrast #2) and continuous grain had higher levels of mycorrhizal colonization than check 
organic cash grain (Table 5; Contrast# 3). Organic cash grain had marginally higher levels of 
mycorrhizal colonization than organic managed forage systems (Table 5; Contrast #4 p<.10). 
Compost did not significantly increase mycorrhizal colonization in the organic systems (Table 5; 
Contrast #5 & #6). An average ofmycorrhizal colonization levels in organic systems with 
organic compost were similar to organic plots treated with biodynamic compost (Table 5; 
Contrast #7). 

By August, the organic check plots showed higher rates of colonization and were nearly 
equivalent to that of continuous com. Surprisingly, there was littl~ increase in mycorrhizal 
colonization levels in subplots amended with compost (Figure 3; Table 4 column b ). 
Mycorrhizal colonization was not effected by biodynamic preparations (Figure 3; Table 4 
column b). 

DISCUSSION 

In contrast to the initial hypothesis of higher levels of mycorrhizal colonization in organic 
systems amended with compost, lower mycorrhizal colonization levels were observed in the 
organic systems in this experiment and compost either did not effect.or repressed mycorrhizal 
colonization in 2000 and 2001. Also in contrast to the initial hypothesis of higher colonization in 
forage-based systems, there, were significantly lower colonization levels than the cash grain 
systems in June 2001 and the levels were equivalent by August 2001. 
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Lower mycorrhizal colonization levels may have been observed because com is a more 
ideal host crop than the alternative crops in the longer organic rotations. The effect of a crop 
rotation on mycorrhizal colonization is very specific to the species involved as crops vary in their 
suitability as hosts for mycorrhizal fungi (Thompson, 1997). Organic systems used more tillage 
which could also have disrupted the hyphal structure (refer to Appendix II). Tillage may play a 
key role in explaining the higher levels of colonization in the continuous grain system as tillage 
is known to repress the development of mycorrhizal populations (McGonigle & Miller, 1993; 
Hamel, 1996; Johnson & Pfleger, 1992). 

Since mycorrhizal colonization did not consistently increase yield, stalk phosphorus and 
grain oil content, it is possible that mycorrhizal fungi were playing a non-beneficial and/or 
parasitic role at this study site due to high levels of soil phosphorus. In fact, percent mycorrhizal 
colonization in August 2000 & 2001 was negatively correlated with grain yield (R2=.14, p<.05) 
and (R2=.23, p<.005). Also, there was not a consistent relationship between mycorrhizal 
colonization, and plant tissue phosphorus levels. Although, plant phosphorus concentrations 
were positively correlated with mycorrhizal colonization in July 2000 (R2=.l 1), other sampling 
months in 2000 and August 2001 showed no correlation. This also suggests that colonization did 
not play a role in plant phosphorus accumulation. 

The complexity of nature, especially that part of nature which lies underground, makes the 
study of the effect of farming systems on root biology a challenging proposition. The current 
knowledge of soil biology can be illustrated by the fact that soil ecologists can not explain the 
feeding strategies of more than 90% of soil biota (Wall and Virginia, 2000). This study found 
that mycorrhizal colonization was not suppressed but actually enhanced in the continuous com 
system. These results were contrary to the initial expectations. Further research is needed to 
understand the role of mycorrhizal fungi in com production on rich prairie soils of the Upper 
Midwest. 

SUMMARY 

Mycorrhizal colonization levels were compared in continuous com and organic rotations 
(with and without compost). Mycorrhizae are generally viewed as a symbiotic association 
between plants and fungi that provides increased access to immobile nutrients in exchange for 
plant carbohydrates. In contrast to the initial hypothesis of higher levels of mycorrhizal 
colonization in organic systems.amended with compost, lower mycorrhizal colonization levels 
were observed in the organic managed systems in this experiment and compost either did not 
effect or repressed mycorrhizal colonization in 2000 and 2001. Lower mycorrhizal colonization 
levels may have been observed because com is a more ideal host crop than the alternative crops 
in the organic systems. Organic systems used more tillage which could also have disrupted the 
hyphal structure. Since mycorrhizal colonization did not consistently increase yield, stalk 
phosphorus and grain oil content, it is possible that mycorrhizal fungi were playing a non
beneficial and/or parasitic role at this study site due to high levels of soil phosphorus. Although 
mycorrizal levels were higher in continuous com, further research should explore the role these 
fungi are playing in high phosphorus soils in the Upper Midwest. 

129 



WICST 9th Technical Report 

LITERATURE CITED 

Douds Jr., D.D., Galvez, L, Franke-Synder, M., Redier, C. and Drinkwater, L.E. 1997. 
Effect of compost addition and crop rotation point upon VAM Fungi. Agriculture, 

Ecosystems and Environment 65. 257-266. 

Galvez, L. Douds, D.D Jr, Wagoner, P., Longnecker L.R., Drinkwater L.E., 
and R.R. Janke. 1995. An overwintering cover crop increases inoculum ofV AM 
fungi in agricultural soil. American Journal of Agriculture. Vol. 10 ( 4) 

Hamel, C. 1996. Prospects and problems pertaining to the management of arbuscular 
mycorrhizae in agriculture. Agriculture Ecosystems & Environment. pp. 197-210. 

Johnson, N. and F.L. Pfleger. 1992. Vesicular Mycorrhizae and Cultural Stresses. 
p. 71-101. In G. J. Bethlenfalvay and Linderman, R.G. (ed.) Mycorrhizae 
in Sustainable Agriculture. American Society of Agronomy, Madison WI. 

Johnson, N.C. and J. H. Graham and F.A. Smith. 1997. Functioning ofmycorrhizal 
associations along the mutalism-parasitism continuum. New Phytology. 135. 575-
585. 

McGonigle, T.P. M.H. Miller. 1993. Mycorrhizal development and phosphorus 
absorption in maize under conventional and reduced tillage. Soil Science Society of 

America. 57: 4 p.1002-1006. 

Thompson, J. & R. Bowman, N. Seymour, D. Peck & T. Peck. 1997. Farming System 
Institute Crop Link Research Focus. Department of Primary Industries (DPI) 
Queensland, Australia. 

Wall, D.H., and R.A. Virginia. 2000. The world beneath our feet: soil biodiversity and 
ecosystem functioning.- Pages 225-241 in P.R. Raven and T. Williams, editors. 
Nature and human society: the.q1:1est for a sustainable world. National Academy 
of Sciences and National Research Council, Washington, DC. 

130 



WICST 9th Technical Report 

Table 1. Treatments sampled in 2000 and 2001 

Years 
Sampled WICST Rotation 1 Amendments to Corn Code 

2000 & 
2001 continuous none CS1 

2000 & 
2001 organic cash grain none CS3 

2000 & 
2001 organic cash grain organic compost CS3 og 

2000 & 
2001 organic cash grain biodynamic compost CS3 bd 

2001 organic forage system none CS5 

2001 organic forage system organic compost CS5 og 

2001 organic forage system biodynamic compost CS5 bd 

1 Corn phase was sampled 

Table 2. Root sampling dates 

Year Day 
Root 
Samel!!!g VAM Samel!!!g 

2000 
2000 
2000 
2000 

2001 
2001 
2001 

June 24-26 
July 24-26 
August 21-23 
Sept. 18-19 

June 27-28 
August 7th-9th 
Sept. 4th-7th 

VAM=vesicular arbuscular mycorrhizal fungi 
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Figure 2. Effect of farming systems on mycorrhizal colonization in 2000 
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Table 3. Mean levels of mycorrhizal colonization in 2000 

Mean% Mycorrhizal Colonization 1 

System July August Sept 

continuous (CS1) 

organic grain (CS3) 
organic grain + og compost (CS3 og) 
organic grain + bd compost (CS3 bd) 

Standard deviation 
1nodes 1-3 
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Figure 3. Effect of farming system on mycorrhizal colonization in 2001 by month 
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Table 4. Mean levels of% mycorrhizal colonization in 2001 

Mean % Mycorrhizal Colonization 1 

System June August 

continuous (CS1) 65 76 

organic grain(CS3 ) 46 76 
organic grain+ og (CS3 og) 39 49 
organic grain + bd (CS3 bd) 33 44 

organic forage (CS5) 32 65 
forage + og compost (CS5og) 33 54 
forage + bd compost (CS5bd) 46 38 

standard deviation 15 19 
1. weighted average of seminal-five nodes 
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Table 5. Contrasts on the effect of farming system on % mycorrhizal colonization in June 2001 

Contrasts Means df MS Pr>F 
#1 continuous (CS1) 65 1 1852 0.002 

organic ( average of CS3 & CS5) 39 

#2 grain (CS1 & CS3) vs 56 1 1522 0.004 
forage (CS 5) 32 

#3 continuous (CS1) vs 65 1 738 0.031 
organic grain (CS3) 46 

#4 organic grain (CS3) vs 46 1 409 0.099 
organic forage (CS5) 32 

#5 organic (CS3) vs 46 1 254 0.186 
organic grain w /compost 36 
(CS3 og & CS3 bd) 

#6 forage (CS5) vs 32 1 150 0.304 
forage w/compost (CS5og & CS5bd) 40 

organic compost (CS3 og & CS5 og) 
#7 vs 36 1 60 0.436 

biodynamic compost (CS3bd & CS5 
bd) 39 
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Figure 1. Corn root nodal system 
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PRAIRIE ESTABLISHMENT IN AGRICULTURAL SOILS 
Katie Simonsen, E. Howell and Josh Posner 

INTRODUCTION 
This project, initiated in 1999, had two objectives: 1) to learn how to reestablish prairie 
on rich agricultural soils; and 2) to establish a natural "check" for environment variables 
(e.g soil health variables, CO2 sequestration) in the heart of the core cropping systems 
trial. The experimental variables for prairie establishment were high and low density 
seed mixes. To help "link" the prairie plots to the cropping systems plots established 
nine years earlier, a continuous com treatment was also randomized among the prairie 
seeding treatments. 

METHODOLOGY 
The WI CST prairie experimental design 
The experimental design was a randomized complete block with three replicates of three 
treatments established in a region of WI CST previously set aside as a grass waterway 
(Fig. 1). All plots measured 510 feet long as the core trial, however, the width was varied 
to fit within the constraints of the.existing agricultural trial; the two western block plots 
are 45 feet wide while the eastern block plots are 40 feet wide except plot 501, which had 
to be 45' wide to accommodate the 6-row com planter. 

The three treatments used in this study were two prairie seed mixes of differing species 
composition and a cropping system control planted as continuous corn (CC). The high 
diversity (HD) prairie seed mix has 25 species, the low diversity (LD) prairie seed mix 
has 6 species (see Table 1 for species planted and seeding rate). 

,.____N 
D 
~ 
~ 

D 

Block2 

Block I 

Block3 

Block4 

Grass waterway (future prairie) 

Fig. I. Schematic interpretation showing the four blocks of the WICST and the context 
for the location of the prairie plots. 

136 



WICST 9th Technical Report 

The WICST prairie seed mix description 
The low diversity (LD) seed mix has a total of six species from three guilds (legume, C4 
grass, and summer forb) and three families (Poaceae, Fabaceae, and Asteraceae) (Table 
1). The guilds, or functional groups were based on Kindscher and Wells (1995) who 
described and studied 18 guilds on the Konza Prairie in Kansas. The three guilds were 
chosen because they are also represented in the main WICST cropping systems, and 
because it is similar to the CP-2 option for grassland restoration offered by the 
Conservation Reserve Program (CRP). The LD seed mix is currently selling for 
$450/acre. 

These same six species in the LD mix, along with 19 additional species, are present in the 
high diversity (HD) mix for a total of25 species from eight guilds (Table 1). These 25 
species represent eleven families (Apiaceae, Asclepiadaceae, Asteraceae, 
Commelinaceae, Fabaceae, Lamiaceae, Liliaceae, Poaceae, Rosaceae, Rubiaceae, and 
Violaceae). The eight guilds in the HD treatment were chosen to represent the eight 
guilds presented in Kindscher and Wells, and to include species with a range of bloom 
times and structural characteristics. This treatment is modeled after the CP-25 seed mix 
of the CRP. The current average cost for the HD seed mix is $1200/acre. Both mixes are 
quite expensive partly because they have been well cleaned. 

Planting rates and species description: 
Species were planted in rates that reflect not only their importance in the community 
(grasses are planted at a niuch higher rate than forbs) but also their relative seed weights 
(Table 1). For example, Potentilla arguta (prairie cinquefoil) has incredibly fine seeds 
and the approximate seed count per ounce is much higher, and hence the seeding rate is 
niuch lower, than that of Rosa Carolina (wild rose) which has large, heavy seeds. In 
addition to seed weight, the planting rates accounted for the aggressiveness of the some 
of the species. In general, those species tha,t easily establish and can dominate a planting, 
such as Helianthus laetiflorus (showy sunflower) and Aster novae-angliae (New England 
aster) were seeded at a lower rate than some of the more conservative species like 
Asclepias tuberosa (butterfly weed) or Allium cernuum (wild onion). 
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Table 1. Planted prairie species at the Arlington AiTriculture Research Station. 
BOTANICAL LOW HIGH SEEDING 
NAME COMMON NAME GUILD DIVERSITY DIVERSITY RATE/ACRE 
Sorghastrum 

CANADA WILD RYE C3 grass 
nutans 

X X 0.50 lbs 

Andropogon 
BIG BLUESTEM C4 grass X X 0.50 lbs 

Rerardii 
Elymus INDIAN GRASS C4 grass X 2.00 lbs 
canadensis 
Astragalus 

MILKVETCH Legume X 0.50 oz 
canadensis 
Lespedeza ROUND-HEADED 

Legume X X 0.50 oz capita/a CLOVER 
Desmodium 

TICK TREFOIL Legume X X 0.25/0.50 oz 
canadense 
Baptisia WHITE WILD 

Legume X 0.50 oz 
leucantha* INDIGO 

Geum triflorum PRAIRIE SMOKE 
early Spring 

X 0.25 oz forb 

Viola pedatifida PRAIRIE VIOLET 
early Spring 

X 0.50 oz 
forb 

Asclepias 
BUTTERFLY WEED Spring forb X 0.50 oz 

tuberosa 
Tradescantia COMMON 

Spring forb X 0.25 oz 
ohioensis SPIDERWORT 

Galium boreale 
NORTHERN 

Spring forb X 0.25 oz 
BEDSTRAW 

Potentilla arguta 
PRAIRIE 

Spring forb X 0.05 oz 
CINQUEFOIL 

Coreopsis 
PRAIRIE TICKSEED Spring forb X 0.50 oz 

palmate* 

Rudbeckia hirta 
BLACK-EYED Summer/Fall X X 0.50/0.25 oz 
SUSAN forb 

Aster novae- NEW ENGLAND Summer/Fall X 0.25oz 
an;!liae ASTER forb 
E,yngium RATTLESNAKE Summer/Fall X 0.50 oz 
vucc ifolium * MASTER forb 
Silphium 

ROSINWEED 
Summer/Fall 

X 0.50 oz 
intewifolium forb 
Helianthus SAWTOOTH Summer/Fall X 0.25 oz 
Rrosseserratus SUNFLOWER forb 
Helianthus SHOWY Summer/Fall X 0.25 oz 
laetif/orus SUNFLOWER forb 

Solidago rigida STIFF GOLDENROD 
Summer/Fall 

X 0.50 oz 
forb 

Monarda 
WILD BERGAMOT 

Summer/Fall X 0.25 oz 
fistulosa forb 

Allium cernuum WILD ONION 
Summer/Fall 

X 0.50 oz 
forb 

Ratibida pinnata 
YELLOW Summer/Fall X X 0.50 oz 
CONEFLOWER forb 

Rosa Carolina WILDROSE woody shrub X 1.00 oz 

*Only 3 species in the HD mix not yet established as of 2002. 
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Site preparation and planting 
The site to be used in this study was plowed and planted to soybeans for the 1998 
growing season. After the bean harvest the land was treated with glyphosate at the 
standard concentration of 3% then chisel plowed several times. To further attempt to 
reduce weed pressure, a tillage pass and herbicide treatment was applied two weeks 
before planting and a final tillage pass done a few days before planting. The legumes 
were first scarified, and all species had been cold-treated over the preceding winter. On 
June 4, 1999 the seeds were hand-broadcasted onto the prepared soil after being separated 
into light-seeded forb, heavy-seeded forbs, and grasses for more even planting. About 
half of the seeds were used in the first pa$S, and the rest were used with a pass 
perpendicular to the first. The plots were then cultipacked after the broadcast was 
complete. Weeds however quickly dominated the prairie plot (primarily lambsquarter 
and pigweed) and were clipped to allow some prairie seed germination. In the third year 
after establishment (June, 2002) the plots were again clipped and stinger was spot 
sprayed to control thistles in the prairie plots. In the spring of2003 (4/23/03) the prairie 
plots were burned. In June of 2003, prairie plots were again spot sprayed for thistles but 
at 1/5 the amount of Stinger that was applied last year suggesting that we have the thistle 
population declining. 

Table 2 is the agronomic diary of activities done on the com "check plots" that were 
planted at the same time as the prairie plots. Table 5 is a summary of fall nitrate levels 
on the prairie plots as well as the WI CST continuous com plots (CS 1 ). 
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Table 2. Corn check plots in the prairie planting: Input/Output Data - Arlington 

1999 2000 2001 2002 
501,504,508 

Primary Chisel plow Chisel plow Chisel plow Chisel plow 
Tillage 10/29/98 11/16/99 11/10/00 11/13/01 

Secondary Field Digger Field Digger Field Digger Field Digger 
Tillage 4/27/99 4/27/00 4/24/01 4/30/02 

Planting Date April 30 May 1 May 1 April 30 
Variety Gold. Harv. 2441 Cargill 4111 Cargill 4111 Agrigold A6382 
Rate 32,000 seeds/a 32,000 seeds/a 32,000 seeds/a 32,000 seeds/a 

Starter 100 lb 6-24-24 100 lb 9-23-30 100 lb 5-10-30 100 lb 5-14-42 
Fertilizer 

Nitrogen 80 lb N/a 80 + 160 lb N/a 80 lb N/a* 130 lb N/a 
Fertilizer 82-0-0 82-0-0 82-0-0 82-0-0 

perPPNT per PPNT/heavy perPPNT perPPNT 
rains in May 

Pesticides Pre-emrg. Pre-emrg. Pre-emrg. 5/1-5/8 _ Pre-emrg 5/3/02: 
4/30 Counter 5 lb/a 5/1 Force 5 lb/a Counter (5 lb/a Counter 5 lb/a 
5/3 Dual II 2 pt/a 5/4 Dual II 2 pt/a Dual II 2 pt/a Dual II Mag. 1.5 
Post-emrg. Post-emrg. 6/4/01 pt/a 
6/3 Accent 2/3 ozla Buctril 1 pt/a Post-emrg. 7 /23 
6/5 Buctril 1 pt/a Post-season 1: Stinger 10 gal 

RdupU 1.5 qt/a outer 4 rows ea. 
2,4-D 1 pt/aw/ com plot 
AMS 2.51b/a 

Rotary Hoe 5/25/99 5/23/00 5/16/01 5/22/02 

Cultivation 6/8/99, 6/19/99 6/19/03 5/22/01, 6/9/01 6/25/02 

Yield (bu/a) 
Prairie plots 167.1 160.9 180.4 140.2 
WICST CSl 170.4 161.6 193.6 192.2 

Fall Practices Chop stalks Chop stalks Chop stalks Chop stalks 
11/15/99 11/09/00 11/1/01 11/7/02 
Chisel plow Chisel plow Chisel plow Chisel plow 
11/16/99 11/10/00 11/13/01 11/20/02 

r outside 6 rows sprayed on 11/6/01 to control quackgrass invasion and dandelions 
* plot 501 received no N per PPNT 
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Sampling 

Permanent meter-square quadrats: 

Each plot was divided into four equal sections (see Fig. 2). The location of a single, one
meter-square quadrat (lm x Im) was randomly assigned to each section. These 
permanent quadrats were marked with a wooden stake in the northwest comer and GPS 
coordinates of each quadrat were recorded in the spring of 2000 and are listed at the end 
of this report. 

0 
~ 
0 
~ 

tr) 

N j Rep3 Rep2 

these plots 45' wide each 

Rep I 

40' 40' 45' 

Fig 2. Layout of the WICST prairie plots showing location of permanent quadrats. 

I High Diversity 

I Low Diversity 

I Corn 

I 
Buffer 

D 
WICSTplots 

Permanent 
Quadrats 

=!ml 
There are 4 per 
trt. (1 in each 

quarter) 
for a total of36. 

Before the prairie plots were seeded, meter-square plastic sheets were placed over the 
permanent quadrats to prevent seeds from landing in them. Each permanent quadrat was 
later planted with pre-counted seed packets so the exact number of seeds of each species 
was known and equal to the planting rates in the rest of the field. 

Suh-plot quarter meter-square quadrats: 
Prior to each sampling date, additional quadrats (l/2m x I/2m) were identified. Each 
plot had a total of 20 subplot quadrats; five in each stratified section. 
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Sampling dates 
There were two to three sampling sessions each year and findings over the year are found 
in Table 3. A sampling session refers to the effort to sample all permanent and sub-plot 
quadrats to record either presence or absence of each planted species. 

Table 3. Sampling session dates for both high and low diversity prairie plots. 

Session 1 

Session 2 

Session 3 

1999 2000 2001 

July 10-17 

Aug 3-10 

SeEt 11-14 

June 22-29 

na 

SeQt 8-22 

June 13-28 

na 

SeEt 15-29 

All species rooted in each quadrat were identified and recorded as present. Frequency 
was determined by dividing the number of quadrats in which a species was present by the 
total number of quadrats (Table 4). · 

Eye level estimation, meaning the cover of each category, was recorded by visual 
estimation as that which is visible from the eye level of the observer (approx. 150 cm). 
So, for instance, if a tree held most of its biomass above 150 cm, the cover of the trunk 
would be estimated, but the canopy cover would not be. The categories used in this study 
were total cover, graminoid cover, forb cover, native cover, non-native cover. The 
graminoid and forb cover, when combined, equal total cover, as does the native and weed 
cover when combined. Not all categories were used in each session 

Qualitative walk-throughs 
In addition to quantitative measurements, a qualitative walk-through was used to account 

for species that were present but not recorded in the quadrat sampling. This was done by 
making a zigzag pattern through each section of each of the three treatments for fifteen 
minutes and recording species presence and abundance. Abundance was noted by a scale 
of one to six with one being very rare and six being dominant and was assigned after each 
section was complete. 

RESULTS 

In Table 4 we have a summary of the presence or absence of the planted species. The 
first three columns focus on the low-diversity mix, and already during the sampling in 
1999, all six species were observed either in the quadrats, or during the walkthroughs. 
However, Baptisia Leucantha subsequently disappeared from the low-density plots. 
With the high diversity mix, not surprisingly the grasses came in immediately, and by 
year 2 there were eighteen species identified. By year 3, twenty-one of the twenty-five 
species planted had emerged, either in the quadrats (17) or only observed in the 
walkthrough (4). It was a pleasant surprise that some of the more slow-growing or 
conservative species ( e.g. Allium cernuum, Asclepias tuberosa, Astragalus Canadensis, 
Silphium integrifolium and Viola pedatifida) were seen in the high diversity plots by the 
second year of monitoring. 
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Table 4. Presence of planted species in the two prairie treatments for the three years of the study. 

Low Diversity High Diversity 

Sp_ecies 1999 2000 2001 , 1999 2000 2001 

Grasses 
Andropogon gerardii ,/ ,/ ,/ ,/ ,/ ,/ 

Elymus canadensis (W) ('1 ('1 ,/ ,/ ,/ 

Sorghastrum nutans ,/ ,/ ,/ ,/ ,/ ,/ 

Forbs 
Allium cernuum ,/ ,/ 

Asclepias tuberosa ,/ ,/ ,/ 

Aster novae-angliae ,/ ,/ 

Astragalus canadensis ,/ w 
Baptisia leucantha (Q) 
Coreopsis palmata 
Desmodium canadense ,/ ,/ ,/ ,/ ,/ ,/ 

Eryngium yuccifolium 
Ga/ium boreale w w 
Geum triflorum Q w 
Helianthus grosseserratus (Q) ('1 ,/ ,/ 

Helianthus laetiflorus ('1 w ,/ 

Lespedeza capitata Q 
Monarda fistulosa ,/ ,/ ,/ 

Potentilla arguta ,/ 

Ratibida pinnata ,/ ,/ ,/ ,/ ,/ ,/ 

Rosa carolina ,/ 

Rudbeckia hirta ,/ ,/ ,/ ,/ ,/ ,/ 

Silphium integrifolium ,/ ,/ 

Solidago rigida (Q) ,/ ,/ 

Tradescantia ohioensis w w 
Viola [!_edatifJ.da ,/ ,/ 

Total species present 6 5 5 9 18 21 
Percent of total Eianted 100.0% 83.3% 83.3% 36.0% 72.0% 84.0% 
./ = observed in both quadrat and walkthrough. () = observed but not planted Q = observed in quadrat sampling 
only. W = observed in walkthrough surveys only. Species planted in both LD and HD are in bold. 

As can be seen in Table 2, com yields in the prairie plots were good between 1999 and 
2002 and quite similar to the continuous com plots (CS 1) in the Cropping Systems Trial 
( established in 1990). 
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Fall nitrates were also monitored and as can be seen from Table 5, the prairie com and 
the WICST CSl com were similar in value and by 2001, already a good deal higher than 
in the prairie plots. Having permanent ground cover in the established prairie with 
species that have a deep-rooted or fibrous root system help prevent the buildup and 
potential leaching of soil nitrate-N. 

Table 5. Fall nitrates {lb N/3 ft-a) from the prairie plots and WICST CSl plots at 
Arlington. 

Lb N/3-ft acre 
1999 2000 2001 2002 

Prairie Com 106 174 105 X 

WICSTCS1 87 130 79 110 

Low Diversity 87 54 38 X 

High Diversity 90 45 26 19 
x=did not sample 

CONCLUDING REMARKS 
After four years, the prairie restoration on rich agricultural soils has proven to be a 
success. Very few annual weeds exist (lambsquarter, pigweed, horseweed, etc) anymore, 
and nearly all of the 25 species in the high diversity mix have been established. Only 
Baptisia lecucantha (White wild indigo) did not persist in either of the ·mixes. Continued 
monitoring of exotic weeds and periodic burning will be useful to the native prairie 
species. The differences between the high and low diversity treatments will likely 
disappear as the plants and seeds spread over the years. The 24 permanent quadrats 
(4/plot) will continue to be monitored to trace the changing species mix on the plots. Not 
surprisingly, after prairie has been established, fall nitrates beneath the prairie have been 
drawn down to around 20-40 lbs N/3 ft a, which is considered a natural background level 
(mostly due to plant and animal decay) on undisturbed soils. 

The prairie com plots, although only 4 years into com, are producing yields nearly 
equivalent to those of the continuous com system in the surrounding WI CST plots. As a 
result, we now have an ecological 'check' to compare agricultural systems against. 
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ROTATIONAL GRAZING WITH CATTLE TO RESTORE OAK 
SAVANNA/WOODLAND STRUCTURE 

Janet Hedtcke1 and Josh Posner2 

INTRODUCTION 
Oak savanna, characterized by scattered oaks with an understory of prairie species is the 
most endangered native ecosystem in North America (Nuzzo 1986). The lack of grazing and 
burning along with the introduction of the plow are key factors explaining the disappearance 
of this ecosystem. Restoring oak savanna structure begins with increasing light penetration 
to the herbaceous ground layer. The overall objective of this study was to determine the 
effectiveness of rotational grazing and fire on reducing the shrub layer in degraded oak 
savannas thereby expanding the pasture base across the landscape. In this paper, we 
will describe the impact of grazing on the animals themselves. Vegetation, soil, and 
insect summaries follow this paper. 

MATERIALS & METHODS 
Definitions 
The historic landscape of southwestern Wisconsin was a mosaic that included a gradient 
from prairie to forest. Tall grass prairie had no trees and depended on frequent fires to 
maintain the grass base. The next level was oak savanna, which had scattered trees but also 
prairie underneath. Next, the oak woodland, had more trees, but less than 80% canopy cover. 
Finally, there was the mixed hardwood forest itself, with little direct sunlight penetration 
beneath the tree canopy. 

This study took place at 3 sites southern Wisconsin: Yellowstone Lake State Wildlife Area 
(Yellowstone) in Lafayette Co., Niemann farm in Lafayette Co. (hereafter referred to as Farm 
1) and Rathbun farm in Iowa Co. (hereafter referred to as Farm 2). Both Yellowstone and 
Farm 1 are typical (degraded) oak woodlands with.well-drained, shallow silt loam soils. 
Whereas Farm 2 is a more true (degraded) oak savanna with well-drained, shallow sandy 
soil. 

The study was done using a Scottish Highland breed of cattle (bos tarns). There are currently 
about 20,000 registered highlands in the USA plus an unrecorded number of unregistered 
animals raised for beef (AHCA, pers. comm.). They have the advantage of being good 
browsing animals, enjoy walking into thickets and possess large horns frequently used to 
knock over small trees and brush. Their ability to thrive in less than ideal circumstances, 
outstanding mothering instincts, longevity, and very low calf mortality make this breed an 
ideal one for our project. 

Treatments and Design. 
At Yellowstone, grazing and fire were compared with untouched check: plots. On-farm, high 
density grazing (about 3 days) and low density grazing (1 day) were also compared to a 
check plot. The design was a randomized complete block design with 5 replicates at each 

1 Research Specialist, UW-Madison, Agronomy Dept. 
2 Professor, UW-Madison, Agronomy Dept. 
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site. Three-strand high tensile wire fencing was installed around each I-acre plot in the 
spring of 2001 at all 3 sites. Each plot had an open grassy area at the bottom of the slope 
with increasingly dense understory beneath the tree canopy upslope. Depending on location, 
animals were either grazed for different durations (1-3 days) or with and without spring 
burning (see Table 1 for further details). 

Grazing occurred during the summer of2001 ('Year l ') and 2002 ('Year 2') at the three 
sites. Cattle were weighed just prior to entering plots in late May and again at end of season. 
Cows and steers were scored in Year 2 at the beginning and end of the season using a visual 
scoring system (1 =thinnest, 1 O=fattest). 

Cattle Rotation 
Cattle were on each 'grazed' treatment between 1 and 3 days and then placed in a pasture 
area for one day between replicates. At the end of the 25-days, cattle were returned where 
they started in the first replicate. At Yellowstone, the animals were grazed all summer ( 4 
rounds in 2001; 3 rounds in 2002) while on the two farms, the July and August cycles of 
grazing were eliminated due to dry summer weather in both years (see Fig 1). As can be 
seen in Fig. 2, July rainfall was less than half the long-term average in both years. In 
addition, nearly 90% of June rainfall came before June 16 in both years. 

Table 1: Overview of stocking rates, treatments and rotation schedule for each site. 
Stocking Rates 
(including total weight at the 

Study Site start of the grazing season) Treatments Rotation Schedule 
2001 2002 2001 

Yellowstone · 10 steers 12 steers Burn (April each year) June 1-June 25 
Lake Wildlife (8685 lbs. for (5064 lbs) Graze June 26-July 20 
Area the first (2 July 21-Aug 14 

rotation, then days/paddock/rotation) Aug 18 -Sept 11 
reduced by Burn and Graze 
50%)* (April burn each year 

plus grazing as above) 
Control (check plots) 

Creag-ls- 6 cow/calf 2 cow/calf Low intensity June 1-June 25 
Daru Farm pairs pairs (2 July 1-July 25 

3 dry cows 4 dry cows days/paddock/rotation) Sept 15-0ct 8 
(8840 lbs) (5802 lbs) High intensity 

(3 
days/paddock/rotation) 
Control (check plots) 

Prairie Oaks 6 cow/calf 6 cow/calf Low intensity June 1-June 25 
Farm pairs (6717 pairs (7256 (1 June 26-July 20 

lbs) lbs) day/paddock/rotation) Sept 17-0ct 10 
High intensity 
(3 
days/paddock/rotation) 
Control (check plots) 

* Cattle numbers were decreased following the first rotation due to obvious evidence 
that they were overstocked for the amount of forage available in each paddock. 
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Fig. 1. Monthly rainfall data at Blanchardville, WI during the study. 

Stocking Rates. 
Due to the "on farm" nature of this study, it was not possible to keep the herd profile nor 
stocking rates constant across sites or between years. On-farm, cow/calf pairs (about 1100 
lbs each) and dry cows (about 1000 lbs each) were used for defoliation while 400-pound 
steers were used at Yellowstone. A paired control group on grass/legume pasture was used 
as a reference for weight and body condition each summer. Generally, 5-7,000 pounds of 
cattle grazed the I-acre paddocks for 1 to 3 days according to the treatment. As mentioned 
above, depending on our evaluation of existing forage regrowth the paddocks were grazed 
between 2 to 4 times a season. 

Stocking rates were based on our evaluation of existing forage (Table 1). Plots at Farm 1 had 
a higher shrub: grass ratio while plots at Farm 2 had a higher grass: shrub ratio. Therefore, 
stocking density varied between farms. On Farm 1, 6 cow/calf pairs were rotated through the 
plots in both years. On Farm 2, 6 cow/calf pairs and 3 dry cows were used in Year 1 and 2 
cow/calf pairs and 4 dry cows were used in Year 2. At Yellowstone, overstocking occurred 
for cycle 1 of the first year, where we started with 18 steers. Animal weight/a was reduced 
by 50% leaving a total of 6 steers on the plots in year 1. Twelve animals were used for the 
entire season at Yellowstone in year 2 

Cattle behavior, feeding choice, and location data was recorded within each block at each site 
in both years. All animals were observed for 5 minutes and feeding data was recorded every 
15 seconds. Total number of cow and steer observations were 6080 and 13960, respectively. 
Observations were conducted in the cool of the day ( early morning or late afternoon) and 
during day 1 or 2 when there was still grazing selection. 

Shrub leaves were collected in late June to determine protein, fiber and digestibility. 
Samples were analyzed for protein and fiber by the UW Soil and Plant Analysis Lab and m
vitro true digestibility technique (IVTD) was used to measure forage digestibility in 2001 
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only. Samples were tested separately with both Scottish Highland and Angus rumen fluid to 
test breed effect. 

RESULTS & DISCUSSION 
Animal Performance 
Cow/calf pairs. Under good grazing conditions, pregnant beef cows generally lose about 
100-150 pounds during the first weeks after calving. (BeefNRC, 1996). During our study, 
cows that calved late or during the study lost on average 92 lbs due to calving and peak 
lactation (Table 2). However, only 2 out of20 cows lost more than the expected weight. 
Cows that calved prior to the study typically maintained body weight and condition, similar 
to controls. Body conditions scores were slightly higher in the control group but both groups 
generally maintained their condition. It must be noted however, that compensatory gain was 
likely a factor when the animals were on the rest pasture during dry periods. 

Nursing calves also performed well each year gaining weight as favorably as the controls 
(Table 2). Most of their nutrition was from milk but some foraging of shrubs and forbs was 
observed as well. 

Dry cows and steers. During the 2 seasons, dry cows gained on average 125 lbs/hd on the 
project plots vs. 112 lbs on the control plots. Body condition score was also similar between 
groups. Twelve steers gained as well as the controls in Year 2 and all maintained or gained a 
point in body condition (average BCS=5.25). However, in Year 1, due to overstocking and 
overgrazing on cycle 1, the 6 remaining steers only gained 55% of the controls (Table 2). 
However, all animals came off the plots in good condition. Larger animals were more 
efficient at gaining weight (data not shown). 

Table 2. Cattle performance on project and control plots durine; study. 
lbs/head 

Pro.iect Controls 
On-farm1 

Lactating cows .. 

Calved in early spring -7 (n=14) 62 (n=12) 
Calved in late spring -92 (n=6) -40 (n=7) 

Baby calves 165 (n=l8) 170 (n=l4) 

Dry cows 125 (n=7) 112 (n=l2) 

Yellowstone Lake 
Steers Year 1 76 (n=6) 138 (n=2) 

Year2 108 (n=l2) 115 (n=2) 
On-farm data is average of2 years and 2 farms. 
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Cattle Observations. 
Cattle spent the majority of their time (>65%) in the wooded area of the plots and less time in 
the open, grassy area. They seemed to choose a diverse diet of plants including leaves from 
shrubs and trees, grass and forbs (Fig. 2). Trampling and rubbing of trees and shrubs was 
common among the cows. Cows used their horns to knock down small trees and to open up 
dense shrub groves. Prickly ash (Xanthoxylem Americana) and berries (Rubus spp.) were the 
favorite shrubs to browse. Cows preferred the shrub layer more so than the steers (34 vs. 
21 %); steers preferring more forbs than shrubs (data not shown). Two reasons for this are 
likely the cows' larger body size and bigger horns allowing them at reach or access more 
leaves of trees and shrubs. 

Percent of time cattle spent eating various plot 
components 

2% 

29% 

li!I trees and shrubs 

a grass 

Cforbs 

a oaks 

Fig. 2. Food selection of cows in oak savanna. 

Forage Quality. 
Shrub leaves were slightly higher in quality in year 2 vs. year 1 (Table 3). The spring in year 
2 was cool and likely delayed leaf maturity. Prickly ash (Xanthoxylem Americana) and rubus 
species ranked highest in quality (and animal selection) and multiflora rose (Rosa multiflora) 
and gray dogwood (Cornusfoemina spp.) ranked lowest in both years. Protein levels were 
quite high for most species and very comparable to a grass/legume pasture (ranging from 10 
to 24% protein). Heifers and dry cows would do well on forage with protein levels above 
12% while growing or lactating cows would need 16% protein for production. In addition to 
protein, fiber levels were typical of good quality forages. Acid detergent fiber (ADF), a 
measure of digestibility, averaged 27% across years and species. Neutral detergent fiber 
(NDF), a measure of bulk, which impacts feed intake, averaged 35% across years and 
species. There is, however, a minimum amount of fiber needed for proper rumen function 
and some shrubs, like dogwood, are too low in effective fiber as a sole source of forage ( data 
not shown). In-vitro true digestibility (IVTD) was also high across species averaging 78% 
and ranging from 64.4 to 84.-9% (Fig. 3). There was no difference in IVTD between Highland 
and Angus rumen fluid. 
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Table 3. Crude protein levels of 6 common shrubs of understory in Year 1 and :Vear 2. 
Species % crude protein 

Year 1 
Prickly ash (Xanthoxylem americana) 14.8 
Berries (Rubus spp.) 15.5 
Wild parsnip (Pastinaca sativa) 11.4 
Gooseberry (Ribes spp.) 14.0 
Gray Dogwood (Cornusfoemina spp.) 10.0 
Multiflora rose (Rosa multi.flora) 10.5 
Typical grass/legume pasture -18.0 

Fig. 3. In-vitro True Digestibility of Understory Brush, Late 
June 2001 
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CONCLUSIONS 

Year2 
24.1 
21.1 
18.5 
14.8 
14.8 
12.8 

-18.0 

We observed that managed grazing and fire can effectively reduce the shrub layer and begin 
the process of oak savanna structure restoration. We found that using 5,000 to 7,000 pounds 
of cattle per acre permitted reasonable weight gain and shrub removal. Animals were rotated 
in the paddocks two to four times a year. However, grazing pressure and fire beyond two 
years and probably some tree thinning will be essential to effectively expand the grass base. 
It was estimated however that subsequent hand removal of the mid-story trees with a chain 
saw would be necessary in several paddocks before light levels would be adequate for 
understory prairie vegetation. · 
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UTILIZING ROTATIONAL GRAZING AND FIRE TO RESTORE 
DEGRADED OAK SAVANNA IN SOUTHWEST WISCONSIN 

Emily Kathol and John Harrington 

OBJECTIVES 

The midstory invasion of aggressive native and non-native tree and shrub species contributes 
greatly to oak savanna degradation. In certain situations fire, a central management tool to reduce 
this invasion and encourage native species, is not always successful at reducing dense 
concentrations of shrubs or resprouting species. Under these circumstances, managed grazing may 
provide a means to reduce this cover, thereby enhancing future fire use. This study has several 
areas of investigation that evaluate the effects of rotational grazing on the vegetation within an 
overgrown oak savanna/woodland system: 

1. What effects will cattle have on the shrub (stem density and height) and 
herbaceous layer (cover) if rotationally grazed in overgrown oak savanna? 
2. How does the response of vegetation to grazing compare with that of fire? 
3. How effective is grazing, either alone or with fire, at increasing savanna 
biodiversity over fire alone? 

METHODS 

Three locations were utilized during this project: Yellowstone Lake Wildlife Area (YL WA), the 
Niemann farm, and the Rathbun farm. At YL WA grazing and burning were compared. At the two 
on-farm locations different intensities of grazing were compared. For information regarding the 
rotational grazing schedule and animal aspect, please see the previous report entitled 'Rotational 
Grazing With Cattle To Restore Oak Savanna/Woodland Structure'. Annual spring burns were 
conducted at the YL WA. A stratified random sampling design was used to ensure that units or 
quadrats were located from slope base to summit. Yellowstone paddocks were subdivided into 
vegetative zones ( open prairie pocket, shrub, tree canopied). Trees were sampled for species and 
diameter prior to treatments. Average and maximum height and stem numbers ( density) per 
diameter class were recorded for all shrubs. Shrubs were sampled prior to any grazing and then 
during late summer for each year of the project. Herbs were sampled for species presence and 
cover in late spring and again in late summer each year to capture the different species present in 
those seasons. Percentages of bare ground and litter were also sampled but litter data is not shown 
on graphs because of its high levels compared to bare ground, forbs and grasses. All quadrats were 
permanently established for the length of the study. 

- ' -

Site Location No. of Paddocks/ Tree Shrub Herbaceous 
of Blocks Block Quadrats Quadrats Quadrats 
Quadrat (100rn2) (5 rn2

) (lrn2) 
Yellowstone Wooded 5 4 5 10 20 

Shrub 5 4 2 5 5 
Open 4 4 2 5 10 

Rathbun Wooded 5 3 5 10 20 
Niemann Wooded 5 3 5 10 20 

152 



WICST 9th Technical Report 

RESULTS 

Descriptive Observations for Yellowstone Lake Wildlife Area 
The data represent the 2000 pre-treatment year and the 2001/2002 post treatment years. 
Photographs comparing treatments are from Yellowstone and taken during summer of 2002. 

Wooded or Tree Zone. Within the wooded zones observation alone suggests that all treatments 
have substantially opened up the midstory with the bum/graze treatment having the greatest impact 
and the bum-only having the least (Photos 1 a-d). The latter was expected as vegetation in the 
bum-only treatments was impacted once and then allowed to recover for the remainder of the 
growing season. Because the paddocks in the grazing treatments were grazed every 25 days, only 
minimal regrowth occurred as the season progressed. The groundlayer was also impacted with the 
bum/graze treatment showing increases in bare ground, declines in litter, and limited recovery of 
herbs. 

la. Control lb. Graze 

1 c. Bum 1 d. Burn and Graze 
Photos la-d. Treatment Effects For The Tree Zone At Yellowstone Lake Wildlife Area 

Prairie or open zones. The bum/graze treatments appeared to have the greatest impact on 
vegetation within the prairie zones at Yellowstone, as well. In August of 2002 thistle ( Cirsium 
spp.), mullein (Verbascum thapsus) and yarrow (Achillea millefolium) seedlings were evident in 
this treatment, while not evident in the bum or grazed treatments. Overall vegetation within the 
grazed plots had less height, perhaps due to less recovery time since the last treatment. One 
obvious observation was the reduction of shrubs in the grazed and grazed/bum remnants. Shrub 
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biomass was also reduced in the burned remnants but these shrubs were showing signs of recovery 
by late summer. 

Descriptive Observations for Rathbun and Niemann Farms 
At both sites, the herbaceous structure/height of the grazed paddocks decreased as a result of 
grazing, yet the composition of the groundlayer did not change significantly. The impact to the 
structure of the herbaceous groundlayer may be due to low rainfall during July and August that did 
not allow for ample regrowth during the days off from grazing. At both sites in early June, wild 
parsnip was eaten to the ground. 

At the Niemann farm, the high intensity grazing treatment caused a greater visual decrease in the 
density and biomass of the shrub and saplings vs. the low intensity treatment. Numerous large 
prickly ash stems were bent and broken over from the cattle rubbing and reaching for browse. 
These stems were not dead at the end of the grazing season, but given another year, the damage 
caused by the cattle may cause mortality. The decrease in biomass and density may have been the 
result of tramping. At the Rathbun farm, both the 2 and 3 day grazing intensities had a very 
similar impact on the shrub and sapling layer. The additional day of grazing did not appear to have 
a greater impact to the midstory. 

Herbaceous and Ground Layer Samples at Yellowstone Lake Wildlife Area 
Species composition. At tlus time, there are no identifiable impacts to the herbaceous groundlayer 
after two years of burning and grazing. There was an evident increase in the number of species 
over time, but this increase did not significantly differ from the increase that occurred within the 
control paddocks. There was no change in the ratio of herbaceous species life forms: forb, grass, 
sedge, and juncus as a result of burning and grazing. Future analysis will be undertaken to look at 
the frequency and abundance of particular species to determine the impact on the biodiversity and 
composition of the herbaceous vegetation. 

Ground cover. Within the prairie areas, grazing caused a decrease in native grass cover (p = 
.0406), and the interaction of burning and grazing caused in increase in exotic forb cover (p = 
.0334) in SPRING. Between SUMMER 2001 and SUMMER 2002 there were minimal ground 
cover changes detected in the open zone. Due to the low amount of herbaceous vegetation within 
the dense shrub thickets, this zone was not analyzed for herbaceous vegetation change. 

Within the tree zone, the groundlayer vegetation and bare ground show little response to either fire 
or grazing to date. Litter remains constant in control and grazed treatments but declines as would 
be expected under burning (litter data not shown). Between SPRING 2001 and 2002 within the 
wooded zone, burning increased bare ground (p = .0233), and decreased litter cover (p = .0377). 
In addition the native forb cover declined with grazing (p=.0031). No substantial changes 
occurred to the exotic and native grass.cover from grazing or burning. Within the wooded zone 
during SUMMER, there were no significant changes in native forbs treatments. 

Herbaceous and Ground Layer Samples at Rathbun and Niemann Farms 
Rathbun Farm. After one year of grazing, bare ground increased in both the low (p=.0139) and 
high (p = .0237) intensity grazing paddocks between SPRING 2001 and 2002. Also occurring at 
this time was a decrease in native forb cover on both grazing treatments, with high intensity 
treatment being significant (p = .0101). Between SUMMER 2001 and 2002, litter increased within 
the low intensity paddocks (p = .0126), while exotic forb cover increased on both grazing 
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treatments (low p = .0007; high p = .0004). Even with this increase, the exotic forb cover 
remained a minor component of the herbaceous cover. The grass component of the herbaceous 
vegetation did not change significantly throughout the study. There was no change in native forbs 
during SUMMER. 

Niemann Farm. Between both SPRING and SUMMER 2001 and SPRING and SUMMER 2002, 
litter and native forb cover were the only ground cover changes that were significant. The exotic 
component of the herbaceous vegetation was initially and remained a minimal component of the 
composition throughout the study. The litter cover decreased with both low (p = .0226) and high 
(p = .0025) intensity grazing between SPRINGS, while decreasing significantly only with high 
intensity grazing (p = .0114) between SUMMERS. Native forb cover decreased in SPRING with 
both low (p = .0241) and high (p=.0013) grazing intensities; but native forb cover increased during 
SUMMER sampling on both grazing treatments (low: p=0.0125; high p=0.0022). 

Shrubs At Yellowstone 
Initial shrub and sapling density in the open zone was 16,681 stems/hectare, 89,436 stems/ hectare 
in the shrub zone, and 42,501 in the tree zone. Prior to treatment, the open zone shrub and sapling 
composition (relative density) was comprised of 31 % prickly ash, 14% gray dogwood, 12% 
brambles, and 13 % other with this latter group of species comprising less than ten percent of the 
total. The shrub zone shrub and sapling composition was comprised of 50% hazelnut, 11 % prickly 
ash, with all other species < 10%. Lastly, for the tree zone, the shrub and sapling composition was 
comprised of29% brambles, 29% gooseberry, and 17% other, with all other species less than 10%. 

Overall, the impact from the addition of burning and grazing on the shrub and sapling midstory 
was unique to the different vegetation zones and was species specific. For all three vegetative 
areas there was no significant bum-graze interaction. Within the open areas, grazing decreased the 
stem density of the shrub and sapling species after two years (p = .0494; Fig. 1), with no change in 
the maximum height. Within the shrub zone grazing decreased the stem density (p = <.001; Fig. 1) 
and the overall maximum height (p = .014; Fig, 2) of shrubs. Shrub and sapling density declined 
under both burning (p =<.001) and grazing (p = <.001) within the wooded zone (Fig. 1); however, 
the average maximum height of the shrub layer declines only under burning (p = .0074; Fig.2). 

Fig. 1. Percent change in average stem density pre- and post-treatment at YLWA (Pre=baseline/before any 
grazing or burning, 200l=after 1 yr of treatments, 2002=after 2 yrs of treatments). 
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Fig. 2. Average difference in maximum shrub+ sapling height (inches), pre- and post-treatment at YLWA 
(Pre=baseline/before any grazing or burning, 2001 =after 1 yr of treatments, 2002=after 2 yrs of trts). 
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Brambles (Rub us spp.). Fire in the ·open zones increased the density of Rubus spp. and had little 
effect in the tree zone as expected. Grazing, however, significantly decreased the stem density of 
Rubus spp. in the tree and open zones (open: p = .0024, tree: p = .0236). Maximum height 
declined. in the grazing treatments within the shrub (p = .036) and the tree zone (p = .0013), and in 
the burning treatment within the tree zone (p = .005). 

Prickly ash (Zanthoxylum americanum). Cattle were observed to readily eat prickly ash, in fact 
they often selected this species first for forage when introduced into a new paddock. In the open 
areas, burning caused a decrease in prickly-ash density (p = .0498), while grazing decreased its 
maximum height (p = .033). In the shrub areas, grazing (p = <.001) and burning with grazing (p = 
.0284) caused a substantial decline in stem density, with burning causing a decline in the 
maximum height (p = .0118). 

Hazel nut (Corlyus americana). Although stem numbers of hazelnut did not change under any 
treatment within the shrub ~ones, maximum shrub height declined under grazing (p = .0397). 
Within the tree zone, however, hazelnut density decreased with both burning (p = .0245) and 
grazing (p = .0023) after two years. Hazelnut height also decreased with burning (p = .0066) 

Gray Dogwood (Cornus racemosa). Gray dogwood is a common clonal shrub of savanna and 
woodland. Earlier qualitative observations indicated a low preference for this shrub by the cattle. 
Neither grazing nor burning had an impact on this species within the open areas where this species 
was most dense. 

Gooseberry (Ribes missouriensis). Cattle are not known to readily eat gooseberry and this held 
true in the study sites. Changes in its density (p = <.001) and the maximum height (p = .0015) 
were only observed under burning treatments. 

Shrub Data at the Rathbun Farm. 
Initial shrub and sapling density was 75,212 stems/hectare at the Rathbun farm. The shrub and 
sapling midstory was comprised of 52% brambles, 16% tree saplings, and 12% multiflora rose 
(Rosa multi.flora), with all other species less than 10%. Overall, grazing caused a considerable 
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decrease in the number of stems on both grazing treatments (low: p = .0014; high: p= .0009; Fig 
3). The decrease in shrub and sapling density was species specific. The maximum shrub height of 
all shrub species combined decreased significantly at both low intensity (p = .0292) and high 
intensity grazing (p = .003; Eig. 4). For both density and maximum height there was no significant 
difference between the low and high grazing intensities. 

Fig. 3. Percent change in average shrub stem density at Rathbun farm, pre and post-treatment 
(Pre=baseline/before any grazing or burning, 2001=after 1 yr of treatments, 2002=after 2 yrs of treatments). 
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Fig. 4. Average change in maximum shrub height (inches) at Rathbun farm, pre and post treatment 
(Pre=baseline/before any grazing or burning, 2001 =after 1 yr of treatments, 2002=after 2 yrs of treatments). 
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Brambles (Rubus spp.): Bramble density significantly decreased with both the low (p =.0072) 
and the high (p =.0052) intensity grazing regimes. The maximum height declined as well under 
both the low (p = .0187) and the high (p = .0144) grazing regimes. 

Multiflora rose (Rosa multiflora): Grazing had no impact on decreasing the number of stems. 
After two years under the high-intensity grazing regime, multiflora rose density increased (p = 
.0163), as well as the maximum height (p = .0527). 

Other: All remaining shrub species were not impacted significantly by grazing. 

Shrub Data at the Niemann Farm 
Initial shrub and sapling density was 36,536 stems/hectare at the Niemann farm. The shrub and 
sapling midstory was comprised of 36% gooseberry, 25% tree saplings, and 13% prickly ash, with 
all other shrub species less than 10%. Overall shrub density declined only under high intensity 
grazing after the first year of grazing (p = .0023; Fig. 5). There is no shrub height analysis 
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available at this time for the Niemann study site. Individually, neither gooseberry nor prickly ash 
had a significant response to either treatment. 

Fig. 5. Percent change in average shrub stem density at Niemann farm, pre and post-treatment. 
(Pre=baseline/before any grazing or burning, 200l=after 1 yr of treatments, 2002=after 2 yrs of treatments). 

30 - 20 
~ 

10 0 --C 0 a, 

~ -10 a, 
c. -20 

~ 
+----------t.._--.J-----------------j~ 

-30 

Pre - 2001 . Pre - 2002 
C = control, L = low, H = high 

CONCLUSIONS 

J. What effects will cattle have on the shrub (shrub density and height) and herbaceous layer if 
rotationally grazed in overgrown savanna? 
Overall grazing reduced the shrub density and shrub height and opened up the midstory structure. 
The impact of grazing through browsing, rubbing and trampling was species specific. Particular 
species were unaffected by the cattle, including gooseberry, dogwood, and multiflora rose, while 
Rubus spp., prickly-ash, and hazelnut decreased significantly as a result of grazing. Grazing 
intensity was an additional factor that influenced the impact of the cattle on the midstory. The one
day intensity was not long enough to reduce the overall shrub density or height or that of 
individual species. The two-day and three-day intensities significantly decreased density and 
height, although the differences between these two periods were insignificant. To date this 
opening of the midstory, has not resulted in changes to the herbaceous layer. 

2. Can grazing be beneficial to opening structure without causing loss of desired species? 
Preliminary results show that grazing was able to open up the midstory structure without causing a 
loss of desired species. The native grass cover remained on average the same with grazing, with 
minimal decreases in native forb cover. The number of species at the YL WA increased within all 
treatment paddocks, suggesting that compared with burning and no treatment, grazing is not 
causing a decrease in the total number of species. However, it is too soon to say whether the 
grazing was detrimental to the desired native species, as changes to the herbaceous vegetation must 
be monitored for the next few years to observe the long-term impact of grazing. 

3. How does response of vegetation to grazing compare with that of fire? 
Grazing and fire both decreased the overall stem density and height. Yet, the impact from the 
addition of burning and grazing on the shrub and sapling midstory was species specific and was 
dependent upon where the shrub and saplings were located within the vegetation zones. For the 
open prairie, shrub thicket, and wooded vegetative areas there was no significant bum-graze 
interaction. Grazing was unable to reduce gooseberry, while burning significantly reduced 
gooseberry density. On the other hand, grazing significantly reduced Rubus spp., while Rubus only 
slightly decreased with burning in the wooded areas and increased within the more open areas. 
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Some species were not impacted by either burning or grazing within any vegetative zone, such as 
gray dogwood. Hazelnut density did not decrease with either treatment within the shrub zones, but 
both burning and grazing reduced densities within the wooded areas. 

In the shrub zone there was almost no fuel to carry the prescribed bum, thus the impact of burning 
was not severe. In these situations, the bum only managed to impact the shrub and saplings along 
the outer edge of the shrub thicket, with resprouting occurring, while the cattle were able to 
penetrate the shrub thickets and decrease shrub density. The prescribed bum was patchy within the 
wooded zone as well and there was less of an impact on particular species as a result, including 
prickly-ash, as compared with the open prairie zones. In these instances, grazing again decreased 
stem density, where fire was unable too. 

4. Will grazing, either alone, or withfire, increase biodiversity over fire alone? 
There was no apparent difference between grazing and prescribed burning on the biodiversity of 
the herbaceous vegetation. Biodiversity during the two-year period of the study appears to be 
stable in all treatments and controls. Monitoring over subsequent years will provide more 
definitive information on whether grazing alone or with fire, increases or decreases biodiversity. 
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INSECT DIVERSITY IN OAK SAVANNA REMNENTS : A survey of insects 
Devin Biggs1 

INTRODUCTION AND OBJECTIVES 
This study intends to measure the influences of burning and/or grazing on a specific insect 
habitat guild, saproxylic insects. These insects inhabit dead pieces of wood and associated 
habitats. In forested ecosystems, the saproxylic taxa comprise the largest proportion of insect 
diversity. Despite their importance in ecosystem functioning and biodiversity the saproxylic 
insects are poorly studied. Conservation of insect biodiversity will require more complete 
understandings of the impacts of management techniques on this group. The hypothesis to be 
tested in this sub-study is stated as follows: Saproxylic insect diversity will be significantly 
greater on plots with restored vegetation physical structure vs. non-restored plots. Data 
collected so far will also constitute habitat records and express other natural history attributes of 
poorly understood native insect species. 

METHODS 
A medium-term field experiment was initiated at the field sites. During early summer of 2001 
pieces of dead wood were placed at randomly situated points along transects on the experimental 
plots. The pieces of wood are colonized by saproxylic insects and function as traps. Live limbs 
were removed from mature burr oak, Quercus macrocarpa, trees and cut into 30 cm sections. 
288 pieces were cut and placed at the points- a quantity sufficient to allow for sampling during 
three consecutive years. 

Sampling of insect colonization is accomplished by enclosing the pieces of dead wood in 
lightproof rearing containers constructed from black plastic pails. Clear plastic collection vials 
are placed over holes in the sides of the pails and allow penetration of some light into the 
containers. Photo-positive insects exit the pails via the same openings and are captured in the 
vials. Although collected specimens are adult insects, this method samples primarily for the 
highly specific habitat affinities of immatures. Because logs are picked up in early spring the 
samples represent overwintering fauna. Most of the adult specimens emerging from the . 
contained logs are presumed to have overwintered as eggs, larvae or pupae. All insect specimens 
are identified to order and family. Where determination cannot be made to species they are 
assigned to a unique species-equivalent, "morphospecies". Occurrences and abundances are 
recorded for each species. 

PRELIMINARY RESULTS 
A set oflogs (n=96) were picked up and contained in mid-April of 2002. Specimens emerged 
from this material during the course of the summer and represented insects that colonized the 
logs during the previous growing season. 2643 adult insects were collected, sorted and counted. 
The catch includes eight insect orders, at least 38 families and at least 135 species. Family and 
species determinations are still being completed. 

The most well represented insect orders are Coleoptera (beetles), Hymenoptera (ants and wasps) 
and Diptera (flies). Smaller numbers of species of Lepidoptera (moths), Orthoptera (a cricket), 

1 Graduate student in Institute for Environmental Studies 
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Thysanoptera (thrips), Psocoptera (bark lice) and Hemiptera (bugs) were also collected. Table 1 
lists identified families for the three large orders. Family common names are included in 
parentheses. 

Table 1. Insect family and species number found in logs. 

Order Family # Species 

Diptera -50 
Cecidomyiidae (gall midges) -25 

Sciaridae (dark-winged fungus gnats) -15 

Otitidae (picture-winged flies), Phoridae (scuttle 2 each 
flies), Mycetophilidae (fungus gnats) 

Hymenoptera 41 

Formicidae (ants) 6 

Ichneumonidae (ichneumonid wasps) 3 

Encyrtidae ( encyrtid wasps) 3 

Diapriidae (diapriid wasps), Mymaridae (fairy flies) 2 each 
Platygasteridae (platygasterid wasps), Pteromalidae 
(pteromalid wasps) 

Ampulicidae (ampulicid wasps), Braconidae 1 each 
(braconid wasps), Ceraphronidae (ceraphronid 
wasps), Eucoilidae (eucoilid wasps), Megaspilidae 
(megaspilid wasps), Scelionidae (scelionid wasps) 

Coleoptera 35 
Staphylinidae (rove beetles) 9 

Nitidulidae (sap beetles), Curculionidae (weevils) 3 each 

Corylophidae (minute hooded beetles), Elateridae 2 each 
(click beetles), Melyridae (soft-winged flower 
beetles), Scydmaenidae (ant-like stone beetles) 
Anobiidae (death watch beetles), Cerambycidae 1 each 
(longhorn beetles), Colydiidae (colydiid beetles), 
Latridiidae (minute brown scavenger beetles), 
Mycetophagidae (hairy fungus beetles), 
Ptilodactylidae (ptylodactylid beetles), Scraptiidae 
(false flower beetles), Synchroidae (synchroid bark 
beetles) 

Taxonomic work is most complete for the beetles, thirteen of which have been identified to 
species. It is difficult in many cases to even establish species boundaries for flies and much of 
those specimens will need to be sent to specialists. Data analysis for the first year of sampling 
will be started when laboratory work is completed. 

Most species had only one or two occurrences- an occurrence in this case defined as presence at 
a piece of wood, regardless of the number of individuals. Twenty-two species had more than 
five occurrences and eight species had more than ten occurrences. The most frequently 
occurring species was a mymarid wasp, which appeared twenty times. 
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Many complex biological interactions occur among the species comprising the saproxylic faunal 
community. Occurrences for many of these insects are determined by presence of other species. 
Sciarid and cecidomyiid flies are well represented in these samples. Their larvae developed 
within the logs feeding on the fungi that attack wood in its early stages of decomposition. The 
staphylinid beetles that were sampled were primarily involved in feeding on these same fly 
larvae. The large ichneumonid and braconid wasps were present only at the logs which yielded 
the large cerambycid beetle, Xylotrechus colonus, and were functioning as its parasitoids. 

The two additional years of sampling will represent a habitat substrate age progression. It is 
anticipated that more symbioses and other biological interactions will be manifested in those 
samples as ecological succession continues in the dead wood habitat. 
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EDUCATION AND OUTREACH ACTIVITIES FOR THE OAK SAVANNA 
RESTORATION PROJECT 
Peggy Compton1 and Janet Hedtcke2 

Education and Outreach 
Education and outreach was an integral component of this project. The educational objectives 
included raising awareness of the importance of the oak savanna ecosystem and providing 
information on the possible value of managed (rotational) grazing as a tool in restoring degraded 
oak savanna. The intended audience for the outreach activities included local and regional 
landowners and conservation agency personnel statewide. The project supported various 
educational strategies and programs. 

Field days 
Four project field days were held at Yellowstone Lake Wildlife Area-two during the summer of 
2001 and two during the summer of 2002. Each year one field day was specifically planned for 
conservation and natural resource agency professionals. These field days included a detailed 
look at the research protocols and data being collected, as well as guided tours of the research 
plots. The 67 natural resource and agency professionals who attended the 2001 and 2002 field. 
days represented the Wisconsin DNR, UW-Extension, UW-Platteville, UW-Madison, the 
Lancaster Agricultural Research Station, NRCS, Land Conservation Departments, Blue Ox 
Forestry Consultants, The Blue Mounds Area Project, Sauk County Zoning, the Riverland 
Conservancy and The Nature Conservancy. 

A second field day each year was specifically organized for area landowners and farmers and 
drew 97 participants (2001 and 2002 combined). The topics presented included tax benefits of 
grazing, resources and tools available for restoration and management of prairie and savanna, 
how to fence and water for grazing and other practical aspects of the project as well as a tour of 
the plots. 

In 2001, of the field day attendees who returned an evaluation, 94% reported having good or 
excellent knowledge of the oak savanna ecosystem after attending a field day as compared to 
39% prior to the field day; 50% reported an increased interest in grazing cattle in wooded areas 
following the field day. In 2002, 82% reported having good or excellent knowledge of the oak 
savarma ecosystem after attending a field day as compared to 32% prior to the field day; 68% 
reported an increased interest in grazing as a restoration tool following the field day. 

Professional presentations 
More than 350 people heard about the project during presentations made at the Agriculture 
Ecosystems Annual Update, the Annual Meeting of the Wisconsin Chapter of Wildlife Society, 
the Wisconsin Grazing Conference, the Dane County Woodland Owners Conference, the Blue 
Mounds Area Project winter lecture series, DNR and NRCS agenpy staff meetings, WICST 
Annual Meetings, and wildlife, landscape architecture, forestry, and agronomy seminars at UW-

1 Water basin educator, UW-Extension 
2 Research specialist, UW-Madison, Agronomy Dept. 
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Madison. Tours of the restoration sites were given to The USAID Latin America Research 
group and the UW-Extension Basin Educators. 

Media reports 
The project was featured in a variety of newspaper, televisfon and radio reports. Twelve news 
articles were printed in local and statewide papers including the Yellowstone Watershed 
Newsletter, UW College of Agricultural and Life Sciences Quarterly, Wisconsin Week, The 
Monroe Times, Wisconsin State Farmer, Wisconsin State Journal, The Capital Times, Janesville 
Gazette, Dubuque Telegraph Herald and The Minneapolis Star Tribune. Following the article in 
the Wisconsin State Journal, project members received 44 calls from landowners wanting 
additional information about the project. Nearly one-half of the landowner inquiries specifically 
mentioned that they were interested in restoring oak savanna on their own land and/or interested 
in using cattle as a restoration tool. Radio coverage included two interviews on Wisconsin 
Public Radio. The project wa_s the featured story on Madison's WK.OW Channel 27 evening 
news on June 1, 2001. 

Educational materials 
The project partners developed and printed an educational brochure and a laminated poster 
display outlining the project's goals and methods. The brochure was mailed to all Wisconsin 
DNR wildlife biologists and inquiring landowners and was available at meetings, conferences 
and field days. The poster was used at three conferences and was displayed at Yellowstone Lake 
State Park Visitor's Center. 

Landowner surveys 
A baseline education survey was conducted in 2001 to assess current grazing practices, 
knowledge of oak savanna and interest in oak savanna restoration and repeated in 2003. The 
survey was completed in Yellowstone River Watershed and a control watershed (Platte River). 
Survey response was 70%. Survey results are being analyzed to determine if area landowners 
have become more aware of oak savanna and/or more interested in oak savanna restoration and 
grazing as a tool in land management. 
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A COMPARISON OF LOW INPUT SYSTEMS ON WI CST 
Janet L. Hedtcke1

, Joshua L. Posner1
, and Jon 0. Baldock2 

INTRODUCTION 
Marginal profits, increasing pest pressure, and concern for pollution hazard have resulted in 
increased interest in including small grains in com-soybean rotations and using less inputs. Data 
from the WI CST trials show environmental advantages of using a chemical free three-phase 
system but yields were often lower than in the high input systems. Researchers have found that 
expanded rotations plus low input levels can be quite competitive with shorter rotations and high 
chemical inputs (Singer, 1998; Singer and Cox, 1998 and Clark et al., 1999). We decided to test 
a 'ChemLite' approach adding reduced inputs to the 3-phase cash grain rotation and compare it 
to the three phase organic system (CS3), and the no-till com soybean system (CS2). The 
ChemLite system would aim for half rates ofN on cereals and half rates of post-emergent 
herbicide on row crops (when necessary). 

MATERIALS & METHODS 
The Wisconsin Integrated Cropping Systems Trial (WICST) is a long-term trial that was initiated 
in 1989 to compare production, economic, and environmental impacts of six cropping systems 
common to the upper Midwest. Further description of the background details, design and 
conduct of the main WISCT cropping systems can be found in Posner et al. (1995). 

In 1995, a satellite trial was initiated at the Arlington site on a Plano silt loam soil (fine-silty, 
mixed, mesic, Typic Argiudoll) to compare a reduced-chemical system of com-soybean
wheat/red clover (hereafter referred to as ChemLite) to the No-till c~m-soybean system and the 
chemical free com-soybean-wheat/ red clover system (hereafter referred to as ChemFree) of the 
core WI CST trial. 

Inputs. A list of inputs and rates for the ChemLite system are shown in Table 1. Generally, 
three inputs were added to ChemLite: starter fertilizer on the com, N fertilizer on the com and 
occasionally the wheat, and post-emergence herbicides on the com and soybeans. ChemLite 
received half-rates of N fertilizer on the com phase which averaged 80 lb N/a. Rotary hoeing, 
cultivation and post-emergence herbicide was applied in 15" bands over the row or broadcast on 
the whole field at half rates during the com and soybean phases, depending on the equipment set 
available at the time. Herbicides were applied as deemed necessary, and in some years, no 
herbicides were applied. The No-till com-soybean received inputs according to Best 
Management Practices (i.e. 120 lb N/a on com, pre- and post-emergent herbicides in both 
phases). 

The experiment was set up with two replicates adjacent to the main WI CST experiment, which 
was a randomized complete block. All plots were 0.70 acres and field-sized equipment was 
used. Each phase of the rotation existed each year during the 8-yr trial to encompass different 
environments. All effects in the model are fixed except year, which is random. To compare com 
and soybean phases, 95% confidence intervals were calculated for the two systems in WI CST 

1 Research specialist and Professor, respectively, UW-Madison, Agronomy Dept. 
2 Statistician/consultant, AgStat, Verona, WI 
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(ChemFree and No-till com-soy) across the 8 years and 4 replicates and across the 8 years and 2 
replicates in ChemLite. Wheat grain and straw yields were compared between ChemLite and 
ChemFree using an independent t-test statistic. Preliminary tests showed variances to be 
homogeneous between the core WICST plots and the ChemLite experiment for all the dependent 
variables. 

The Crop Rotations Options Program (CROP) software (Baldock et al., 1998) was used to 
determine net returns (to labor, capital, and management) each year and for testing scenarios on 
price premiums. A 1000-acre farm was used in CROP and yearly input prices, yields, and 
commodity prices were entered for each system. Harvest-time commodity price (October price 
without storage option) was used across systems without any governmental price supports. 
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Table 1. Inputs for ChemLite System. 

Year Corn Soybeans Wheat 
1995 Starter: 6-24-24 at 100 lb/a Starter: none Starter: none 

N: 82-0-0 at 73 lb/a N: none N: none 
Herbicidet: Accent 0.33 oz/a Herbicidet: Basagran 0.50 pt/a Herbicide: none 

Buctril 0.50 pt/a Resource 2.0 oz/a 
Rotary hoe: 3 times Crop Oil 0.50 qt/a 
Cultivate: 2 times 28% N 0.25 gal/a 

Rotary hoe: 3 times 
Cultivate: 2 times 

1996 Starter: 6-24-24 at 100 lb/a Starter: none Starter: none 
N: 82-0-0 at 98 lb/a N: none N: none 
Herbicidet: Accent 0.22 oz/a Herbicide: none Herbicide: none 

Buctril 0.25 pt/a Rotary hoe: 3 times 
NIS 0.1 qt/a Rotary Cultivate: 4 times 

hoe: 3 times 
Cultivate: 3 times 

1997 Starter: 6-24-24 at 100 lb/a Starter: none Starter: none 
N: 82-0-0 at 98 lb/a N: none N: none 
Herbicidet: Accent 0.33 oz/a Herbicidet: Poast Plus 0.75 pt/a Herbicide: none 

Buctril 0.50 pt/a Crop Oil 0.25 qt/a 
Rotary hoe: 3 times Rotary hoe: 3 times 
Cultivate: 7 times Cultivate: 8 times 

1998 Starter: 6-24-24 at 100 lb/a Starter: none Starter: none 
N: 82-0-0 at 98 lb/a N: none N: none 
Herbicide: none Herbicide: none Herbicide: none 
Rotary hoe: 2 times Rotary hoe: 2 times 
Cultivate: 1 times Cultivate: 3 times 

1999 Starter: 6-24-24 at 100 lb/a Starter: none Starter: none 
N: 82-0-0 at 98 lb/a N: none N: none 
Herbicide: none Herbicide: none Herbicide: none 
Rotary hoe: 1 time Rotary hoe: 1 time 
Cultivate: 2 times Cultivate: 3 times 

2000 Starter: 9-23-30 at 100 lb/a Starter: none Starter: none 
N: 82-0-0 at 98 lb/a N: none N: none 
Herbicide: None Herbicide: none Herbicide: Poast 
Rotary hoe: 2 times Rotary hoe: 2 times . 0.75 pt/a 
Cultivate: 2 times Cultivate: 3 times 

2001 Starter: none Starter: none Starter: none 
N: none N: none N: none 
Herbicide: Northstar 0.50 oz/a Herbicide: none Herbicide: none 

Accent 0.33 oz/a Rotary hoe: 1 time 
Rotary hoe: 1 time Cultivate: 2 times 
Cultivate: 2 times 

2002 Starter: 5-14-42 at 100 lb/a Starter: none Starter: none 
N: 82-0-0 at 98 lb/a N: none N: 50 lb N/a (urea) 
Herbicide: Buctril 0.5 pt/a Herbicide: Raptor 2 oz/a Herbicide: none 

Accent gold 0.33 oz/a Poast Plus 0.75 pt/a 
AMS 3 lb/a AMS 2.85 lb/a 
NIS 0.1 qt/a NIS 0.1 qt/a 

Rotary hoe: 2 times Rotary hoe: 2 times 
Cultivate: 1 time Cultivate: 1 time 

t The rates shown are the amount per total acre. From 1995-1998, the applications were made in a 15-inch band 
on 30-inch rows, thus the rate in the band itself was twice that shown. In 2001 and 2002, herbicides was broadcast 
across the 30-inch row at half rate. 

167 



WICST 9th Technical Report 

RESULTS & DISCUSSIOIN 
Agronomic Performance and Risk. Com yields were similar for ChemLite and the No-till 
com-soy systems and both were statistically higher than ChemFree at p<0.05 (Fig. 1). However, 
there was no significant difference between systems for soybean yield (Fig. 2). Wheat yields 
were also not different between ChemLite and ChemFree averaging 58.2 bu/a of grain and 1.03 
tons DM/a of straw. There was no year by system interaction for any crop yield so the 8-year 
mean is reported. 

Yield variability and the associated risk are important factors apart from mean yields. There was 
more variability in ChemFree com and soybean yields than the other two systems (Table 2)·. 
There was a 2-fold difference in com yield variability between ChemLite and ChemFree systems 
(53 vs. 114 bu/a, respectively). However, soybean yields·were less variable between ChemLite 
and ChemFree systems (29 vs. 32 bu/a, respectively). In wet years (i.e. 1996, 2000), mechanical 
tillage is less effective on weed control, which can reduce yields significantly. Forty-five percent 
of the 18-bu/acre of com advantage for the ChemLite system vs. ChemFree system occurred in 
1996, which was a cool, wet spring. These conditions should not be regarded as rare because 
similar conditions with similarly low ChemFree com yields occurred in 1992, 1993 and 2000 in 
the WICST core trial. 

Economic Analysis. The 8-yr. average net return was highest for No-till com-soy ($51/a/yr) and 
lowest for ChemFree ($30/a/yr) with ChemLite very similar to No-till com-soy at $49/a/yr. Net 
returns on all three systems have declined over the trial period mostly due to decreasing 
commodity prices. Com, soybean and wheat prices decreased by 38, 26 and 45%, respectively, 
from 1995-2001. Excellent yields and somewhat better commodity prices in 2002 have brought 
net returns 'out of the red''for that year (Fig. 3). 

Premiums can improve the economics of the.low input systems. Although the gap between 
organic premiums and conventional is narrowing, organic grains are still enjoying more than 
100% premium according to local elevators surveyed in 2001 (Peavy, Delong, QTI, pers. com., 
2001). Results from the CROP program, using the 8-yr average commodity prices, indicate that 
with a modest organic premium of only 9% was needed for ChemFree to equal the No-till com
soybean net retums3

• Similarly, only a 1 % 'stewardship' premium would bring ChemLite to 
same net returns as the No-till standard. One can imagine that in the future, the 2002 
Conservation Security Act will reward lower input cropping systems. 

Environmental Impact. Soil test phosphorus was significantly higher (p<0.05) in ChemLite 
and the No-till com-soybean system than ChernFree (Fig. 4). Both these systems received starter 
fertilizer (about 10 lbs P/a) to increase nutrient uptake in cold wet springs. Even without starter 
fertilizer, STP was still quite high for ChernFree after 12 years of farming organically. This 
underscores the excessively high P levels in the plots at the start of the trial, a condition similar 
in most dairy farm fields. The year by system interaction was not significant. 

Soil nitrates, measured after crop harvest, were significantly lower (28%) in the 3-crop systems 
compared to the 2-crop system (Fig 5; p<0.0022). This can be explained by lower N inputs in 

3 On-farm storage, transportation fees, and other fees associated with organic marketing not included in analysis. 
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the expanded rotation due to N credit from green manure. In addition, the winter wheat phase 
"traps" some of the fall nitrates in the soil profile. 

There were obvious differences in soil erosion potential between No-till and the low input 
systems (Fig. 6). Soil loss was well under 'T' for the No-till system at 1.2 tons/ac/yr. However, 
ChemFree had the highest soil erosion hazard, followed by ChemLite, due to annual tillage and 
repeated cultivations. On average, ChemFree had one more rotary hoeing and one additional 
cultivation than ChemLite. 

CONCLUSION 
In terms of production, profitability and environmental impact, the ChemLite system performed 
as well as or better than the standard com-soy rotation. Managed organically, ChemFree is too 
short a rotation to effectively control weeds. Even so, only a small premium (9%) is needed for 
ChemFree net returns to equal the standard 2-crop system. Reducing inputs and increasing crop 
diversity appears to be the best approach to meeting the twin goals of reduced environmental 
impact and maintaining profitability. 
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Table 2. Mean yield and standard deviation of crops in the 3 systems 1• 

Cro_e Year No-till c-sb Chemlite 
corn 1995 167.7 146.5 
corn 1996 140.0 149.6 
corn 1997 157.4 158.8 
corn 1998 212.6 199.8 
corn 1999 162.9 160.0 
corn 2000 162.9 154.5 
corn 2001 207. 7 190.8 
corn 2002 159.0* 173.1 
average 171.3 166.6 
min 140.0 146.5 
max 212.6 199.8 

1995 . 58.1 68.2 
1996 ybeans 1996 53.7 60.2 
1997 ybeans 1997 51.9 46.1 
1998 ybeans 1998 63.6 62.5 
1999 ybeans 1999 59.2 49.8 
2000 soybeans 2000 56.3 51.6 
2001 soybeans 2001 51.6 39.7 

y_beans 2002 54.5* 60.8 2002 54.5. 
--1.1 average of - - · -

min 51 .6 
- ... ,.6 max tk -- -- -

wheat grain 
wheat grain 
wheat grain 
wheat grain 
wheat grain 
wheat grain 
wheat grain 
wheat grain 
average 
min 
max 

wheat straw 
wheat straw 
wheat straw 
wheat straw 
wheat straw 
wheat straw 
wheat straw 
wheat straw 
average 
min 
max 

1995 
1996 
1997 
1998 
1999 
2000 
2001 
2002 

1995 
1996 
1997 
1998 
1999 
2000 
2001 
2002 

76.9 
47.2 
51.9 
59.2 
59.8 
52.3 
56.3 
78.3 
60.2 
47.2 
78.3 

1.50 
1.68 
0.99 
0.73 
0.66 
0.75 
0.66 
1.79 
1.09 
0.73 
1.79 

ChemFree 
155.6 
83.4 

147.6 
197.8 
155.6 
132.8 
155.4 
157.8 
148.3 
83.4. 

197.8 

63.3 
60.2 
48.8 
51.9 
31.0 
40.9 
35.4 
50.9 
47.7 
31.0 
63.3 

68.1 
45.4 
54.3 
57.7 
56.9 
41.7 
54.8 
70.5 
56.2 
41.7 
70.5 

1.22 
1.55 
0.97 
0.58 
0.63 
0.83 
0.71 
1.43 
0.99 
0.58 
1.55 

1No-till c-sb and ChemFree means are from all 4 replicates in WICST core trial. Chemlite means are from 2 
replicates. 
* 3-rep average 
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Fig. 1. Corn yields across systems with 95% confidence interval (1995-2002 average). 
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Fig. 3. Net returns ($/acre/yr) on each system using CROP. 
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Fig. 4. Soil test P (ppm) in top 6 inches (1999-2002 average). 
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Fig. 5. Fall soil nitrates to 3-ft. depth of each system (1999-2002 average). 
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IFAFS WORK AT LAKELAND AGRICULTURAL COMPLEX, 2001-2002 
J. Stute1, J. Hedtcke2 and J. Posner2 

IFAFS I: Superimposed manure additions on WICST plots. 

INTRODUCTION 
The objective of this trial was to determine the environmental and production impact of adding 
manure vs. synthetic fertilizer to com in both grain and forage systems. 

METHODS 
This trial was superimposed on the WICST com plots at the Lakeland site (in 2002) on the 
southern 6-rows of each plot. 50' were treated with manure and 50' were not treated in all four 
repetitions. Com yields from the 5 com phases, both with and without manure, as well as the fall 
nitrates were monitored. The non-manured treatments in csl and cs2 received starter'fertilizer 
and 160 and 120 lb N/a, respectively, as side-dress on June 19. All the manured com treatments 
received 35 tons of manure per acre. The manure on cs2 was surface applied since the system is 
no-till. In the forage systems, the non-manured treatment plots only had N from the plowdown 
legume of the previous phase. To determine com yield, two rows x 30' was harvested. Soil was 
sampled to 3 ft depth in 1-ft. increments for profile nitrate-N analysis. Moisture and test weights 
were recorded with a digital moisture ineter. 

RESULTS/DISCUSSION 
Com yields were significantly different between systems and highest in CS2 and CS 15 (see 
Table 1). However, the main effect of manure was not significant nor was there an interaction 
between cropping system and manure application. Some of the effects are easy to explain. In 
system 14 and 15, the manured corns out yielded the non-manured com because those plots 
benefited from alfalfa credits PLUS manure, while the non-manured plots only had the N that 
became available from the decaying alfalfa roots. With no-till CS2, the non-manured plots were 
higher yielding probably because the surface application of the 35 tons of manure resulted in less 
available N than the companion plot without manure, but with 120 lbs of injected anhydrous 
ammonia. There was no difference in yields in the organic System 3 probably because there was 
tremendous weed pressure in all the plots that overwhelmed any differences that might have 
existed in soil nitrogen levels. Yields in continuous com (System 1) were so modest and 
variable that the effect of manure was not significant, though there was a trend that manure 
improved com yields in this system. There·were no main effects or interactions for test weight 
or moisture. 

1 J. Stute carried out all the field work for these trials. He left MF AI in the fall of 2002 to take a post with UW
Extension - Rock County as the Ag agent. 
2 J. Hedtcke and J. Posner wrote up the report based on frequent correspondence with Dr. Stute. 
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Table 1. Corn Yields and fall nitrates with and without manure applications WICST plots 
Lakeland, 2002. 

Cropping System Com Yield (bu/acre) Fall Nitrates #N/3 ft. depth 
WManure W/0 Manure WManure W/0 Manure 

1. Continuous Com 87.2 68.9 48.3 108.6 
2, Com (no-till w/soybean 103.8 120.4 55.l 51.7 
3. Com (soybean-w/rcl) 61.8 61.1 67.5 68.0 
14. Com (-a-a) 93.9 70.6 76.9 103.3 
15 Corn-( oats/peas-a-sb) 144.0 105.8 84.3 83.8 

LSD (p<0.05) 42.2 27.6 

Soil nitrates were highest in the non-manured plots in continuous com ( system 1) and com 
following high input alfalfa (system 14), both of which had lower com yields compared to their 
manured companion plots (p<0.0226). In the no-till (System 2) and organic com (System 3), fall 
nitrate levels were low, and not different between treatments There was a system x manure 
treatment interaction (significant at p<0.0295) but it was very difficult to interpret. 

CONCLUSION 
Mid-summer drought and weed pressure masked some of the effects of adding manure to com
based systems. Nevertheless, it appears that manure, if incorporated, can improve com yields. 
Improved yields results in more nitrate-N uptake and therefore less potentially leachable nitrate 
remaining after harvest. 
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IFAFS II: Winter rye following corn silage for reduced N-leaching and 
increased forage production. 

INTRODUCTION 
Objective was to measure the effect of rye cover crop following com silage on subsequent forage 
yields and soil nitrates. 

METHODS 
This experiment was established on Satellite #3 at Lakeland in the fall of 2001. The com came 
off as silage about Oct. 11, 40 tons of manure was spread and the winter rye was planted on Oct 
13th. In the early spring of 2002 the rye was plowed under or allowed to continue to grow and 
the plan was to plant forage oats/field peas/alfalfa once the rye was removed. The four 
treatments are as follows: 1) no rye, 2) rye cover plowed down in mid-April, 3) rye cover 
harvested at boot stage in early July, and 4) rye harvested twice and o/p/a established in August. 
Treatment 4 was not completed due to the dry July (only 0.45" ofrain). 

RESULTS 
As can be seen in Table 2, the first cut (July 1) of the oats/peas/alfalfa that was planted early 
( 4/25/02) did better where no rye had been planted. Apparently following rye either resulted in a 
drier seedbed, or due to alleleopathy, reduced the seedling vigor of the forage mix. 

Table 2. IFAFS II forage yield and quality data 
forage rye mgt lb OM/a % CP 

oat/pea/forage1 without rye 5700 16.7 
oat/pea/forage with rye 2753 14.8 

_e<0.066 NS 
1 planted 4-25-02 and first cut taken 7-1-02 

%ADF 

36.8 
33.6 

NS 

%NDF 

50.5 
49.4 

NS 

RFV 

112 
119 
NS 

As can be seen in Table 3; the rye that was cut in the boot stage produced good biomass and 
moderate quality forage. 

Table 3. IFAFS II Yield and quality of rye harvested in May, 2002 
rye mgt lb OM/a % CP %ADF %NDF RFV 

rye cut 1x (5-3-03) 4348 12.6 39.5 62.7 87 

In addition to producing forage, it was anticipated that the rye cover crop would reduce fall . 
nitrate levels after the application of 40 tons of manure. As can be seen in Table 4, fall nitrates 
were lower in the plots that had a rye cover. 

Table 4. IFAFSII Soil nitrates following rye treatments (sampled 4-30-02). 
rye treatment lbs N0-3/3-ft a 

no rye 191.7 
with r e 99.3 
lsd (p<0.05) 95. 7 
/sd (p<0.10) 65.0 
'with rye' treatment is combination of rye plowdown and rye harvested treatments. 
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CONCLUSION 
The window following com silage harvest and manure application and the subsequent planting 
of alfalfa can be, unfortunately, an important opportunity for nitrate leaching. The planting of a 
rye cover crop did reduce fall nitrate levels (Tab\e 4) following manure application. However, 
the rye cover did depress the new alfalfa seeding (Table 2). However, if the rye is harvested as a 
forage, it can be quite productive (Table 3) and perhaps a good precursor to a summer seeding of 
alfalfa. The 2002 season was a difficult one in SE Wisconsin due the extremely dry weather 
from mid-June to early August. Additional years of data are necessary to see if this latter 
scenario makes sense. 
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IFAFS III: Cover crop after wheat harvest for reduced N-leaching and 
increased forage production 

INTRODUCTION 
The objective in this trial was to help transition from the small grain phase to the subsequent 
com phase, including the addition of manure. The conflict is if manure is added, it is better to 
incorporate it, and if incorporated, the grower will loose the ground cover that is afforded by the 
wheat stubble. An alternative would be to incorporate the manure, and then plant a fall cover 
crop to help reduce erosion and nitrate leaching. 

METHODS 
In 2001, there were 6 treatments set up at Lakeland as a 2x3 factorial with 4 replicates in a RCB: 
1) manured with no cover crop, 2) manured with cover crop plowdown, 3) manured with cover 
crop harvested, 4) no manure, no cover crop, 5) no manure, cover plowdown, and 6) no manure, 
cover harvested. Plots were manured (40t/a) after wheat harvest (7/20/01) and were either 
planted to a forage oat/field pea cover crop or left fallow. The cover crop was either harvested in 
the fall, or allowed to winterkill and then plowed down. In year two (2002), com was planted 
across this area-both manured plots as well as non-manured plots. Fall nitrates were taken on the 
manured and un-manured plots from the fall of2001 and it was planned to take them again after 
com in 2002. 

RESULTS 
In 2001 the oat/peas cover crop did not grow that much prior to October harvest so produced 
mediocre forage yields and quality (Table 5). Fall nitrates tended to be higher (p<0.0727) under 
the manure treatments after the small grain harvest. The 2002 season was very difficult due to 
poor rainfall from mid-June to early August so this trial was abandoned. 

Table 5. IFAFSIII forage yield and quality 
lb DM/a N ugtake % CP %ADF %NDF RFV 

oat pea forage 2756 63.8 14.2 

Table 6. IFAFS Ill fall nitrates in 2001 following 
wheat/cover cro_e 

Treatment 

33.8 47.1 

lbs nitrate-N/3-ft a 

2001 

manured 51.9 
no manure 33.2 

124 

---------------------------------------------------------------------------------------------
LSD (p<0.0727) 16.87 

no cover 45.8 
cover plowed down 39.3 
cover harvested ----------------------------------------------------------------------------------------------
lsd NS 
nitrates sampled Nov 4, 2001 
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CONCLUSION 
Manure application following wheat harvest is an interesting idea as dairy farms have little land 
available for mid-summer spreading. Data from this trial suggests that if, following manure 
application an oat/field pea cover is planted, some forage can be harvested in October and fall 
nitrate levels will be somewhat lower than in the no-cover check. This work will need to be 
continued to see if the manure additions resulted in improved com yields or production 
economics. 
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IDENTIFYING VALUE-ADDED TRAITS IN EXP ANDED CROPPING 
SYSTEMS: AN UPDATE ON EXPLORATORY TRIALS 

Josh Posner1
, Ron Doetch2

, Janet Hedtcke3
, Jon Baldock4 

INTRODUCTION 
Research from the Wisconsin Integrated Cropping Systems Trial indicates that "expanded 
rotations" (longer than just com-soybean) are important for the environmental sustainability of 
Wisconsin agriculture. Agronomic work is on going for the addition of small grains, hay, and 
canning crops to the common com-soybean rotation. Many of these options are quite productive 
and result in lower input use. However, due to the lower frequency of"program" crops (e.g. 
com and soybeans) they are not as profitable as simpler rotations. As a result, it is crucial to 
identify ways to increase the value of the crops grown in these expanded low input systems. Our 
hypothesis is that expanded rotations with their increased use of organic sources of nitrogen, 
reduced or eliminated use of herbicides and altered soil flora and fauna, may be associated with 
grain traits such as altered amino acid profiles, higher protein, different starch fractions, or 
higher levels of nutriceuticals that would increase their nutritional value. Apparently a number 
of conventional processing sectors of the market ( e.g. baby food, brewers, pet food, poultry, 
canning industry) are already willing to pay premiums for crops with special grain 
characteristics. In 2002, com with protein greater than 7.8% received $0.08/point/bu premium 
and with soybeans there was a $0.01/pt/bu premium for protein+oil > 65% from poultry 
producers (Doetch, pers. Comm, 2002). In addition, the poultry and pet food industries are 
looking for specific amino acids like methionine, cystein and lysine that are typically low in 
com. As another example, ethanol plants have recognized that all corns are not equal in product 
yield. Improved values of "fermentable" starch greatly impacts their bottom line. One 
Minnesota plant currently has a list of com varieties that will receive a $0.05/bushel premium. 
On site testing equipment will soon be available to test for fermentable starch. Brewers are 
interested in increasing the total starch fraction in com they purchase. A typical plant will earn 
approximately $1 million per point increase in total starch. This report focuses on exploratory 
work, initiated in 2000, on the effect of cropping system on grain quality. 

MATERIALS & METHODS 
Com and soybean grain was harvested from a number of different production plots and research 
trials. All samples (whole kernels, dried to 60° F) were tested for grain quality (protein, oil, 
starch and kernel density) using a Foss Infratec 1229 Near-Infrared Transmittance (NIT) 
instrument at Quality Traders Inc (QTI). The Infratec 1229 compares transmittance on 10 small 
samples that total approximately 1 pound. Over 5,000 wet chemistry lab tests were used in 
writing the protein, oil and starch calibrations resulting in standard error of predictions at 0.2%, 
0.3% and 0.5%, respectively. All values were expressed at 0% moisture. Newer calibration for 
specific amino acids and fermentable starch exist, but unfortunately are not yet sufficiently well 
developed for rapid "load-by-load" testing at grain elevators. 

1 Professor, UW-Madison, Agronomy Dept. 
2 Marketing, Quality Traders Inc. 
3 Research specialist, UW-Madison, Agronomy Dept. 
4 Statistician/consultant, AgStat, Verona, WI 
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RESULTS 
TRIAL #1. ON-FARM SCREENING OF QTI CORN HYBRID 9664. 
At the elevator in Sunrich MN, grain from producers growing QTI com hybrid 9664 was 
collected for NIT analysis. These samples came from a range of com-based rotations and 
different management systems (fertilizer rates, herbicides, tillage). In 2000, 20 environments 
(farm fields) were sampled, and in 2001, 33 environments were sampled. 

Table 1. On-farm corn quality data for hybrid '9664'.in 2000 and 2001 (1) 
Year Site Statistics % protein % oil P+O % starch density 
2000 20 farms MEAN 8.56 4.62 13.18 72.76 1.31 

MIN 7.87 4.23 12.48 71.38 1.28 
MAX 9.07 5.12 13.81 73.94 1.33 
Stdev 0.35 0.26 0.38 0.65 0.01 

2001 33 farms MEAN 8.95 4.57 13.52 73.07 1.26 
MIN 8.01 4.00 12.34 71.47 1.24 
MAX 9.55 5.23 14.43 74.70 1.28 
Stdev 0.42 0.26 0.52 0.62 0.01 

(1) all numbers at 0% moisture 

As can be seen in Table 1, the grain quality traits for hybrid QTI 9664 were actually quite stable 
across these 53 random "environments". 

TRIAL #2. SOYBEAN ROTATION AND MANAGEMENT TRIAL 
Soybeans from the 2001 season were collected from Joe Lauer's long-term factorial rotation 
trial. Three rotations were sampled: 1) soybeans following 5 years of com; 2) soybeans 
alternated with com every year; and, 3) the 5th year of continuous soybeans; the two tillage 
treatments were no-till and conventional; and the two row spacing were 7.5 and 30". The variety 
of soybean was 'As grow 230 l '. 

As can be seen in Table 2, there were statistical differences for main effect of rotations and 
tillage treatments. Highest protein levels were found in continuous soybeans and highest oil in 
first year soybeans following com .. Conventional tillage resulted in higher protein levels and no
till higher oil levels. However, the change in the grain quality traits was so small as to have no 
economic significance. There was no effect of row spacing and there were no interactions. 

Table 2. Sovbean 2:rain quality under different rotations or tilla2:e treatments (Lauer's rotation trial), 2001. 
Rotation % orotein % oil P+O (1) 

151 year soybean after 5 years of com 34.69b 17.89a 60.44b 
Sb-C-Sb-C-Sb-C 35.04ab 17.7lab 60.63ab 
Continuous soybeans 35.37a 17.61b 60.90a 

Tilla2:e Treatment 
No-till 34.74b 17.85a 60.45b 
Conventional tillage 35.33a 17.62b 60.86a 

(1) Corrected to 13% moisture. The NIT calibration on this Infratec 1229 was set up to indicate 
com component value at 0.0% moisture while indicating soybean values at 13% moisture. This 
is typical problem area as nutritionist normally use "as-is" values and grain trade is generally 
charted at 0.0% moisture to determine premiums. 
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TRIAL #3. TEN CORN HYBRIDS MANAGEMENT TRIAL. Ten QTI hybrids were 
evaluated for yield and output characteristics under varying agronomic practices on land adjacent 
to the WICST trials at the Lakeland Agricultural Complex. The ten hybrids were planted 
following com or soybeans to evaluate the effect of previous crop on yield and output 
characteristics. Superimposed on this factor were two N rates (120 and 160 N) and three 
planting populations (33,000, 30,000, and 27,000 pl/a). The six row plots were conventionally 
tilled, nitrogen was side dressed as UAN and accent+ buctril (2/3 oz and 1 pt/a respectively) 
were applied at V6. Other fertilizer included 100 pounds of 9-23-30 applied as starter. Two rows 
of 25 feet were harvested with a plot combine and samples analyzed by QTI for grain quality. 

As can be seen in Table 3, there was no "main effect" of previous crop (row 2), N-rate (row 5), 
or population (row 9) on grain characteristics, nor were there any significant interactions 
between hybrids and these management components (rows, 4, 7, 11). Not surprisingly, there was 
a statistical difference, between hybrids for% protein and% oil (row 3). Table 4 represents the 
main effect of hybrid averaged across previous crop, N rate, and population. As can be seen, 
'QTI 9664' (row 4) was the highest performer for oil and protein. 

Table 3. P-values for hybrid performance and cropping system effects on grain quality measured at Elkhorn, 
WI, 2001. 

------------------------------------P> F------------------------------------
Source Df Yield % protein % oil % starch density 

(bu/a) 
1. Replicate 2 0.51 0.76 0.11 0.48 0.39 
2. Previous crop 1 0.35 0.61 0.46 0.29 0.03 
3. Hybrid 9 0.36 0.01 O.ol 0.39 0.01 
4. Previous crop x hybrid 9 0.41 0.12 0.57 0.42 0.44 
5. N rate 1 0.10 0.46 0.59 0.40 0.26 
6. Previous crop x N rate 1 0.63 0.30 0.71 0.32 0.31 
7. Hybrid x N rate 9 0.36 0.69 0.68 0.46 0.31 
8. Previous crop x hybrid x N rate 9 0.10 0.87 0.98 0.56 0.43 
9. Population 2 0.89 0.72 0.21 0.51. 0.47 
10. Previous crop x population 2 0.49 0.76 0.03 0.42 0.36 
11. Hybrid x population 18 0.63 0.13 0.17 0.46 0.26 
12. N rate x population 2 0.44 0.10 0.61 0.35 0.43 
13. Previous crop x hybrid x pop 18 0.35 0.35 0.29 0.35 0.42 
14. Previous crop x N rate x pop 2 0.34 0.13 0.49 0.39 0.50 
15. Hybrid x N rate x population 18 0.36 0.79 0.92 0.47 0.40 

Coefficient of variation(%) 13.8 5.8 3.7 4.8 4.7 
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Table 4. Corn grain output characteristics as affected bv hvbrid at Elkhorn, WI, 2001. 
Variety Yield (bu/a) % protein % oil % starch Density 
1. QC 9620 180 8.9 4.6 72.8 1.27 
2. QC 9621 179 8.8 4.6 73.2 1.26 
3. QC 9651 176 8.7 4.7 73.0 1.22 
4. QC 9664 171 9.1 4.9 72.6 1.27 
5. EX 1640 162 8.3 4.5 73.6 1.25 
6. EX 1660 155 8.9 4.5 73.4 1.27 
7. EX 1702 164 8.8 4.3 73.7 1.23 
8. EX 1710 186 8.5 4.6 73.3 1.24 
9. EX 1732 184 8.4 4.5 71.6 1.24 
10. EX 1750 165 8.6 4.9 72.9 1.24 

MEAN 172 8.7 4.6 73.0 1.25 
MIN 155 8.3 4.3 71.6 1.22 
MAX 186 9.1 4.9 73 .. 7 1.27 
STDEV 10 0.2 0.2 0.6 0.02 
p-value NS o.oi 0.01 NS 0.01 
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TRIAL #4. WISCONSIN INTEGRATED CROPPING SYSTEMS TRIAL: 
The com phases of the core rotation trail were harvested and analyzed for grain quality traits in 
2001 and 2002 at Lakeland, and only in 2002 at Arlington 

Lakeland (LAC): Results from the Lakeland 'site are presented in Table 5. In both years, com 
yields were very erratic due to heavy spring rains and very draughty summers creating difficult 
conditions for weed control ( delayed rotary hoeing in the organic systems, delayed application of 
herbicides in the conventional systems). In 2001, all the com plots were planted to the same 
hybrid (' Cargill 4111 ') and there were significant grain quality differences between cropping 
systems. Both forage rotations had significantly higher com yield ( due to lower weed pressure), 
and higher protein levels (due to a richer N-~nvironment) and grain density compared to the 
grain systems. In 2002, the conventional systems were planted to hybrid 'Agrigold A6382' 
(RM=105) while the organic systems were planted to shorter cycle 'Growmark FS3969' 
(RM=95). Among the conventional systems, the poor yields of continuous com (CS1) probably 
explain the high protein levels (it was fertilized for 160 bu/a yield). With the organic systems, 
our hypothesis is that N-deficiency explains the low yield and protein levels in the grain system 
(CS3) vs. the forage system (CS5) with its alfalfa and manure credits. The other traits generally 
were not affected by cropping system. 

Table 5. Corn grain quality on WICST at Lakeland Ag. Complex, 2001 and 2002. 
Year Variety Cropping System Yield ·% % Oil % Density 300 

(bu/a) Protein Starch (g/cm3
) Seed 

wt(gm) 
2001 Cargill 4111 CSl C-C-C 53.3 7.5 4.1 74.0 1.23 -

CS2 C-Sb (no-till) 92.5 7.9 4.3 74.1 1.24 -
CS3 Organic grain 97.1 7.6 4.4 74.4 1.22 -
CS4 'Green Gold' 160.3 8.8 4.3 73.3 1.25 -
CS5 Organic forage 162.3 9.2 4.7 72.4 1.26 -

Lsd (p<0.05) 33.3 0.7 0.3 1.4 0.01 -
p-value *** *** ** * *** -

2002 A6382 CSl C-C-C 63.5 9.4 5.4 64.5 1.25 78.5 
CS2 C-Sb (no-till) 136.7 7.1 5.5 64.0 1.28 83.0 
CS4 'Green Gold' 85.1 7.2 5.5 65.7 1.25 71.3 

Lsd (p<0.05) 37.6 0.7 0.35 2.17 0.05 7.80 
p-value *** ** NS NS NS ** 

FS3969 CS3 Organic grain 55.8 6.6 5.5 65.0 1.26 57.0 
CS5 Organic forage 118.8 8.5 5.1 62.7 1.30 69.5 

Lsd (p<0.05) 29.8 2.0 0.2 3.6 0.05 5.1 
p-value *** ** *** NS NS *** 

* = p< 0.10, ** = p<0.05, *** = p<0.01 
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Arlington Research Station (ARS). The WI CST plots at ARS were also used for this 
exploratory study in 2002. The same two hybrids were used as at Lakeland: 'Agrigold A6382' 
on the conventional systems (CS1, CS2, and CS4); and 'Growmark FS3969' was used for the 
organic systems (CS3 and CS5). Five subsamples, each from 10 adjacent plants, were collected 
in each plot at harvest to study the variability of grain characteristics within plots as well as 
between systems. The variance components for experimental error and sampling error were 
determined with the Restricted Maximum Likelihood method as implemented in JMP 4.04. 

As can be seen hi Table 6, A6382 had similar grain characteristics, regardless of which of the 
three cropping systems it was grown in. The organically managed systems did have a significant 
influence on %protein, % starch and density for hybrid 'FS3969'. The forage system was higher 
in these aforementioned traits likely due to the accumulated legume credits and manure 
application the previous fall. The low protein in the organic grain rotation suggests a N
deficiency during grain fill, similar to the situation at Lakeland in 2002. 

Table 6. Corn e:rain qualitv on WICST at Arlini ton Research Station, 2002. 
Variety Cropping System Yield (bu/a) % protein % oil % starch Density 300 seed wt 

(!!/cm3
) (gm) 

A6382 CSl C-C-C 192.2 9.3 4.0 69.4 1.26 97.0 
CS2 C-Sb (no-till) 159.0 9.1 4.0 69.5 1.26 100.3 
CS4 'Green Gold' 186.6 9.5 4.0 68.9 1.26 98.5 

Lsd (p<0.05) 25.2 0.9 0.2 1.0 0.01 3.5 
p-value *** NS NS NS NS NS 

FS3969 CS3 Organic grain 157.8 6.8 4.3 69.4 1.27 74.4 
CS5 Organic forage 174.1 8.4 4.2 68.6 1.28 76.5 

Lsd (p<0.05) 14.3 1.4 0.2 0.8 .00 5.4 
p-value ** ** NS ** *** NS 

* = p< 0.10, ** = p<0.05, *** = p<0.01 

The results of the subsampling effort are summarized in Tables 7a and 7b. Table 7a shows that 
the variability among subsamples was larger than that across blocks (also called replications in 
these trials) and the variance components were relatively consistent between the two hybrids. 
The dominance of the sampling error is even more clear when each component is expressed as a 
percent of the total random variation (Table 7b). The meaning of the dominating effect of the 
sampling error is that the variability within these large plots is greater than the variability 
between blocks (replications). Consequently, more progress will be gained in reducing the error 
and detecting significant differences by increasing the number of subsamples than by increasing 
the number of blocks. While more subsamples would help detect differences, once such 
variability is quantified, the usual procedure is to make one well mixed composite from them so 
there is only one sample to analyze. 
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Table 7a. Experimental error and samolinl! error components at Arline:ton Research Station, 2002. 
Variety Component % protein % oil % starch Density 300 seed 

C!!/cm3
) wt (gm) 

A6382 Experimental error 0.197 0 0.231 0.000009 0 
Sampling error 0.408 0.0749 0.574 0.000050 45.5 

FS3969 Experimental error 0.297 0.0027 0 0.0000006 0 
Sampling error 0.490 0.0387 0.565 0.0000344 38.0 

Table 7b. Percent of random variation due to experimental and sampling error at Arlington Research 
Station, 2002. 
Variety Component % protein % oil % starch Density 300 seed wt 

C!!/cm3
) (gm) 

A6382 Experimental error 32.5 0 28.7 15.2 0 
Sampling error 67.5 100 71.3 84.8 100 

FS3969 Experimental error 37.7 6.6 0 1.8 0 
Sampling error 62.3 93.4 100 98.2 100 

186 



WICST 9th Technical Report 

TRIAL #5 ALTERNATIVE CORN PRODUCTION ENVIRONMENTS AT ARS. 
In addition to the WICST plots, 'Agrigold A6382' was planted on two other fields with 
conventional tillage at Arlington in 2002. One field was in com following com and was divided 
in half: one side was manured (30 ton/a) and the other received anhydrous ammonia fertilizer 
(120#N/ac). In a second field was com following com and was split into two pieces: one piece 
had deliberately low fertility (STP=l 7, STK=59) and the other had typically high fertility 
(STP=55, STK=212). Recommended rates of 160 # N/acre were applied to both halves. Five 
samples were collected from each strip near harvest and the data was analyzed as independent 
two-treatment experiments with at-test. 

Table 8. Corn 2rain quality from production fields at Arlington Research Station, 2002. 
Variety Cropping System Yield % % Oil % Starch Density 300-wt 

(bu/a) Protein (1?/cm3
) count 

A6382 C on C with manure 170.7 10.1 4.0 69.3 1.264 104.7 

C on C w/o manure 175.7 9.9 4.1 69.0 1.258 97.3 

T-statistic - 0.73 0.84 0.55 0 4.09 
p-value - NS NS NS NS *** 

A6382 C on C high fertility 185.7 9.7 3.9 69.6 1.26 101.4 
(STP=55, STK=212) 
C on C low fertility 28.9 11.9 3.5 66.2 1.27 51.5 
(STP=l 7, STK=59) 
T-statistic - 10.57 7.17 8.74 6.25 18.6 
p-value - *** *** *** *** *** 

* = p< 0.10, ** = p<0.05, *** = p<0.01 

As can be seen in Table 8, there were no differences between manured and nonmanured com 
except for the 300-weight which was significantly higher under the manured treatment. Not 
surprisingly, high N fertilization in a low yielding situation (very low soil P and K) resulted in 
elevated protein levels. 

CONCLUSION 
Results from this exploratory work suggest that macro grain quality factors like % protein, % oil 
and % starch in com and perhaps soybeans are not particularly sensitive to cropping system. 
Relatively small differences in these factors however, were observed under very varied cropping 
systems. Future work will focus on selecting hybrids or varieties with known marketable 
characteristics (e.g. methionine levels) and see if this specific trait is enhanced by alternative 
cropping system 
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IMPROVING NUTRIENT MANAGEMENT BY LINKING CASH GRAIN 
AND LIVESTOCK OPERATIONS 

Trisha Wagner1 and Josh Posner2 

INTRODUCTION 
Issues concerning nutrient management on livestock farms ( over abundance) and grain farms 
(increasing cost of fertilizer, soil degradation) are of growing importance. In the upper Midwest, 
both production systems operate in close proximity. Would it be economically and 
environmentally advantageous to look beyond the farm gate and consider linking farms via 
manure spreading contacts and perhaps the movement of grain, hay and silage in the return 
direction? Obviously many constraints exist with linking farms, but as manure management 
regulations become more stringent and some subsidies for grain farmers are linked to land · 
stewardship, this "linking" vision is gaining credibility. 

Some research looking at the spatial trends of manure nutrient availability relative to the capacity 
of cropland and pastureland to assimilate nutrients has been conducted. A 2000 study by the 
USDA found that about three-quarters of the livestock producing farms nation-wide can apply 
the manure produced at agronomic rates on their farm. However, the remaining quarter do not 
have an adequate land base, and account for nearly 65% of the manure stream1

• Hot spots for 
this situation are in the areas of intensive hog production (North Carolina), poultry production 
(Delmarva Peninsula), beef feeding lots (Nebraska/N. Texas/Oklahoma) and large dairies in the 
southwest (See Map 1). At a smaller scale, the Program for Agricultural Technology (PATS) 2 

developed a nutrient balance map at the township level for Wisconsin. This map was based on 
number of dairies, average cow numbers and acres of com, soybeans and alfalfa. As can be seen 
in Map 2, also only looking at phosphorus, while county averages suggest no particular nutrient 
build-up, some townships have more manure-P than estimated crop P-uptake. 

The goal of this project is to go beyond the previous studies and georeference nutrient sources 
and potential sinks at a landscape scale. We are planning to develop a GIS supported program 
that will allow clients to join landscape (soils, topography, surface hydrology, land cover) and 
socioeconomic ( dairy location, herd size, milk production, manure storage system, road system, 
average crop yields) variables to develop a more realistic image of "landscape" stocking rates, 
nutrient balances, and the transportation implications of manure movement. We anticipate that 
this type of program will be of great use to township and watershed officials in considering the 
impact of local herd expansion on nutrient cycling, as well as farmers and their advisors who are 
specifically looking to link manure production with low-cost manure spreading. 

RESEARCH OBJECTIVES 
1) To gather the required data sets and join them as information layers in the program. 
2) To develop manure application algorithms that match state regulations (e.g. slope limitations, 
impaired waterway limitations). 
3) To present the resulting output in a manner that is useful to clients and based on their 
reactions, modify the program. · 

1 Graduate student, Land Resources 
2 Professor, UW-Madison, Agronomy Dept. 
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Most of our effort to date had been to collect the pertinent data layers. Initially we are limiting 
ourselves to readily available georeferenced data sets that can be accessed anywhere in 
Wisconsin ( or the Upper Mid-west). Below is a list of the most important data layers. 

1. Digital Elevation Model (preliminary data layer of 30 meter terrain elevations LICGF): 
Terrain relief information used to eliminate land that does not comply with the NRCS 
590 standard for slope. 

2. Land use/land cover (National Agriculture Statistics Service, DATCP): A satellite 
image classification conducted annually of various types of ground cover including corn, 
soybeans, alfalfa/hay/other crops, fallow/idle cropland, pasture/grassland, woodlands, as 
well as non-agricultural land. 

2. Soils (USDA-NRCS): Soil mapping unit (SMU) classifications in GIS format; used to 
comply with NRCS 590 nutrient management standards. Key characteristics include 
hydrologic grouping, water table depth, depth to bedrock, permeability etc. 

3. Hydrology: surface/subsurface waters (preliminary data layer of surface waters LICGF'). 
Impaired waters classification (DNR): Classifies impaired, outstanding and exceptional 
water resources based on contaminates such as mercury, PCBs et. 

4. Transportation network (preliminary data layer: Digital Line Graph (DLG) LICGF): 
Specific route in which travel from a source to a sink may occur. (Dept. of 
Transportation): road classifications such as weight restrictions and topological features 
such as bridges etc. 

5. Livestock installations: We have the list of farms registered to sell milk in the state. 
Informal discussions suggest that most townships (6 mix 6 mi-23,000 acres) will have 
between 5 and 15 livestock operations. We anticipate that the information on the 
livestock operations that we will be missing can be estimated by local officials. 

These data layers will be overlaid in a GIS format (see Figure 1). Step one will be to identify the 
potential land available for manure spreading. This will require eliminating landscape features 
and that do not meet the NRCS 590 standards as well as vegetation that would not be manured 
(e.g. forests). In step two; nutrient budgets will be built comparing manure sources and nutrient 
sinks. In step three; using the existing transportation network, an effort will be made to analyze 
the distance traveled and travel routes used to actually link sources and sinks. 

BIBLIOGRAPHY 
1. Kellog, Robert L., Charles H. Lander, David C. Moffitt, Noel Gollehon 2000. Manure 

Nutrients Relative to the Capacity of Cropland and Pastureland to Assimilate 
Nutrients: Spatial and Temporal Trends for the United States. USDA- NRCS 
Economic Research Service. Publication No. nps00-0579. 

2. Bland, Bill, Heather Saam. 2002. Dairying and Land Use. Enhanced Nutrient 
Management on Dairying Farms Seminar Series. Presentation: Initiative for Future 
Agriculture and Food Systems (IFOFS) January 24. 

3. Land Information and Computer Graphics Facility (LICGF), University of Wisconsin, 
Madison. 550 Babcock Drive rm. B102. www.lic.wisc.edu. 
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Map 1. Excess manure phosphorus, United States 
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• Figure 1. Overlay of fiV.~~~pa~al data layers in Dane County, Wisconsin 
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ARLINGTON ORGANIC GRAIN STRIPS 
Josh Posner1 and Janet Hedtcke2 

INTRODUCTION 
On Oct. 21, 2002, the USDA released the National Organic Standards to allow farmers who 
grow food without the use of synthetic pesticides and fertilizers, growth hormones antibiotics or 
genetic engineering to label their produce as "Certified Organic". This was the culmination of a 
long effort to establish organic standards. Congress passed the Organic Foods Production Act in 
1990, published a draft set of rules in 1997 and based on the input they received from the public, 
fully implemented the National Organic Program Standard (NOPS) in October, 2002. Currently 
(Dec. 2002) there are 74 USDA accredited certification agencies of which 49 are in the US 
(about 8 offer services to Wisconsin farmers) and 25 are located outside of the United States 
(Behar, 2003). There are four major organic standards in the world: 1) the European Union 
(EU); 2) International Federation of Organic Agriculture Movements (IFOAM); 3) Japanese 
Organic Standards (JAS); and, 4) USDA National Organic Standards (NOS). Each differs 
slightly in their regulations for conversion to organic, use of transition labels, rules for manure 
application, size of buffer strips, need for transaction certificates and on the use of some 
materials. 

It has been estimated that retail sales of organic products have been increasing by 20% per year 
since 1990 in the United States and certified cropland doubled between 1992 and 1997 to 
1.3million acres (CAS News, 1/2003). Wisconsin had over 18,000 acres of certified organic 
grain and beans in 1997 (Economic Research Service, USDA, 2001). While most organic acres 
are on totally organic farms, there is the option of parallel produ~tion where a farmer can have 
some acres certified organic and others under conventional management. It was envisioned that 
this option might prove of interest to grain farmers in Wisconsin who could earmark certain land 
that they managed for organic certification. The premiums for food quality corn, soybeans and 
small grains remain quite interesting for producers, but in addition, in Wisconsin, the feed grain 
market for organic dairies is also quite attractive for the grain that doesn't meet food grain 
standards. For example, the following prices were offered by local elevators in 2002: Feed-grade 
corn $3.67/bu; feed-grade soybean $7.50/bu; feed-grade wheat $4.50/bu. In anticipation of the 
questions growers would have concerning the process of earning organic certification, variety 
selection, agronomic practices, and marketing, it was decided to develop a field at Arlington that 
would be certified, and permit testing alternative strategies for producing organic grains. 

Selecting a grain rotation 
A telephone survey was conducted with several organic grain producers to discuss a "typical" 
organic grain rotation. Although growers modify their rotations depending on weed pressure, 
access to manure and grain prices, it was. felt that the organic strips would be put into a basic 
four-phase rotation consisting on corn-soybeans-small grain/forage-forage. Work from the 
WICST plots had indicated that weed pressure was a limiting constraint when the system was 
tightened to only three phases ( corn-soybean-small grain/forage). The small grain phase would 
either be winter wheat and a subsequent frost seeding of red clover-if there was time to plant 

1 Professor, UW-Madison, Agronomy Dept. 
2 Research specialist, UW-Madison, Agronomy Dept. 
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following the soybean harvest, or oats planted the following spring with a forage mix 
underseeding. 

Site location and strip layout 
Fields 403 & 404 at the Arlington Ag. Research Station were selected for organic certification 
( across the street from the weeds identification garden). These fields had been part of the turkey 
farm and managed for a number of years as a "turkey pasture" with free ranging turkeys: The 
turkey farm closed in 2001 and 403 (strips 1 & 2, see Map 1) were planted to com (w/herbicide) 
and in 2002 a new alfalfa seeding was planted (without chemical inputs). Field 404 was planted 
to alfalfa in 2001 (with chemicals) and was hayed in 2002 (location of strips 3 & 4). Based on 
this history, the harvest of 2004 on all the four strips could be certified organic. 

A waterway initially ran through what is now labeled as strip #3 and a bit of strip #2. This area 
was plowed up and leveled in the fall of2002 and seeded to alfalfa in the early spring of 2003. 
Our objective is to "homogenize" this area in strip #3 leaving it until the Fall of 2004, when it 
will be plowed up in preparation of com planting 

Initiating the Strips 
The strips were laid out in the fall of 2002 (Fig. 1). Each strip consists of two blocks, each 120 
feet wide and 300 feet long. A 50-foot alleyway to facilitate machinery movement in either 
direction surrounds each block. In the spring of 2003 Strip # 1 was planted to soybeans and Strip 
#2 to com (Table 1 ). Strips 3 and 4 were left in alfalfa for 2003 season. 
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Fig. 1. Arlington Organic Grain Trial 
Laid out October 2002; Staked out May 2003 
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Table 1. Crop rotation plan on the· organic strips in field 403. 

2003 2004 

$TRIP 1 
Soybeans/sm. 

Small 
Grain/forage 

gram 
mix 

STRIP 2 Soybeans/sm. 
Com 

gram 

STRIP 3 
Alfalfa Alfalfa 

STRIP4 
Alfalfa Com 

Whole field was in alfalfa in 2002. 
= primary tillage 

2005 2006 

Forage mix Com 

Small 
Grain/forage Forage mix 
mix 

Com Soybean 

Small 
Soybean Grain/forage 

mix 
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ASSESSING NITROGEN MINERALIZATION TO REFINE 
NITROGEN RATES FOR CROPS TO MINIMIZE LOSSES 

Larry Bundy1 

Nitrate enrichment of groundwater and surface waters are important water quality issues. 
The need remains to better predict N mineralization and availability in cropping systems 
so that fertilizer additions can be more efficiently used. Previous work has shown that 
preplant (PPNT) and pre-sidedress (PSNT) soil nitrate tests do improve identification of 
sites where com would not respond to N fertilization. However, the use of these tests on 
soils with substantial organic N mineralization has been less promising, indicating a need 
to better understand and quantify N mineralization potential in these cropping systems. 
For example, in 301 field studies, about 65% (range 29-78%) of the nitrogen that was 
mineralized over the summer was mineralized after taking the pre-sidedress nitrate test 
(VlO stage). 

The purpose of the new study will be to develop and evaluate rapid tests for estimating 
soil N-mineralization capacity across a range of cropping systems. The com phase in the 
continuous com system (CS1), the no-till com-soybean system (CS2), the no-chemical 
com-soybean-wheat/cover crop (CS3) and the alfalfa+ manure and com rotation (CS5) 
will be the test treatment. Plots will be sampled and a battery oftests used to estimate 
nitrogen fertilizer needs and then the plots will be amended with fixed amounts ofN
fertilizer. The study will indicate which of the assays under study best predicts the need 
for additional N-fertilizer during com production under a range of cropping systems. 

1 Professor, UW-Soils Dept. 
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VERTICAL DISTRIBUTION OF PHOSPHORUS IN WISCONSIN 
CROPPING SYSTEMS 

Juli Meyer1 and Phil Barak2 

In recent years, eutrophication of surface waters has brought agricultural phosphorus to 
the forefront of environmental concerns. However, current testing procedures largely use the 
same methodologies to determine both crop requirement needs and environmental hazard levels, 
with little or no consideration of vertical distribution of available phosphorus. Therefore, we are 
examining the plots from various cropping system of WI CST to determine the amount of 
phosphorus with regard to depth and management practice, as well as the phosphorus buffer 
capacity of the soil. At the Arlington Agricultural Research Station, 1-m soil cores were taken in 
the fall of2002 and the spring of2003 from five cropping systems, including continuous com 
(CSl), no-till com/soybean (CS2), com/soybean/wheat-red clover (CS3), 
com/alfalfa/alfalfa/alfalfa (CS4), and pasture (CS6). These cores were sectioned to a resolution 
of 1-cm and labile P, solution P (including heavy liquid displaced soil solution), and P sorption 
curves are being determined. Striking stratification of soil phosphorus has been noted within the 
plow layer of most of these rotations. 

1 Graduate student, UW-Madison, Soils Dept. 
2 Professor, UW-Madison, Soils Dept. 
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MANURE.ON GRASS LEYS FOR IMPROVED NUTRIENT 
MANAGEMENT 

Janet Hedtcke1
, Josh Posner1

, Rick Walgenbach2
, John Hall3 

INTRODUCTION 
Dairy farms in the North central and Northeastern US are continuing to accumulate nutrients due 
to increasing herd size and importing feed nutrients. It is suggested that losses of excess nutrients 
into waterways by Midwestern dairy farms may contribute to the hypoxia zone in the Gulf of 
Mexico. Currently solutions to deal with this problem include ignoring it, building expensive 
manure handling facilities, shipping manure off the farm, and generating costly, restrictive 
legislation that fix minimum land to cattle ratios. The most common approach used for manure 
spreading in the predominant com-alfalfa dairy crop rotation is to heavily manure the com phase. 
Grass leys included on dairy or cash grain farms would help with manure management by 
offering additional "windows" for spreading during the summer, and in improved cycling of 
nutrients that would reduce N losses. Forage production, if not rejected by the cattle, would be 
of suitable quality for young stock and dry cows. The grass ley, if incorporated into a com and 
soybean rotation could also have a positive effect on soybean yields. 

APPROACH 
In this project we propose promoting the use of grass leys on dairy farms to improve nutrient 
cycling, facilitate manure management, and reduce nutrient leaching and run-off. The 
introduction of a multiple-cut grass ley into the typical crop rotation of dairy farms would offer 
more flexibility to dairymen (wider window for spreading manure, more nitrogen uptake, filter 
strips on the farm to reduce run-off, wider range of feed quality to match herd needs). 
Treatments consist of orchardgrass, with and without manure, and com silage, with and without 
manure. Forage quality and quantity, forage palatability, and soil quality and structure will be 
examined to determine the effect of frequent manure spreading. The study will be carried out at 
the USDA-DFRC in Prairie du Sac and also at Michael Fields Agricultural Institute in East Troy. 

OUTCOMES 
Outcomes of this project include giving dairy farmers more options for manure spreading during 
the summer months, expected reduced N leaching below heavily manured fields, and additional 
information that would encourage grain farmers to collaborate with dairy farmers by using 
manure nutrients and producing quality forage. 

1 Researcher and Professor, respectively, UW-Madison, Agronomy Dept. 
2 Agronomist, USDA-DRFC Prairie du Sac farm 
3 Agronomist, MF AI, East Troy 
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MANURE IN CASH-GRAIN SYSTEMS 
Josh Posner1

, Janet Hedtcke1, Amy Cook1 

INTRODUCTION 
Of the major dairy producing areas of the country, the northern crescent of states around the 
Great Lakes, have the unique advantage of having a landscape and climate that is apt for both 
ruminant livestock and crop farming. This rich tradition of mixed farming has gradually 
changed since the I960's. For example, in Wisconsin while 4 out of 5 farms had dairy cows in 
1965, this was true of only 1 out of5 farms in 1999 (PATS, 2000). Not surprisingly, the issues 
concerning nutrient management on livestock farms ( over abundance) and grain farms 
(increasing cost of fertilizer, soil degradation) are of growing importance. A promising manner 
to address these issues would be the integration of separate farms via manure transfer and feed 
contracts. However obvious constraints exist. While the nutrient content of manure has been 
well documented, producers.are concerned about its impact on weed pressure, soil compaction 
and yield heterogeneity. In addition, the economics of manure movement, the potential 
complexities of manure contracting and its impact on county roads have also been cited as 
problems. Nevertheless, as manure management regulations become more stringent, N prices 
are more volatile, and some subsidies for grain farmers are linked to land stewardship, this vision 
is gaining credibility. Coupled with these trends, are two rapidly growing services being offered 
by custom operators: harvesting hay and corn silage; and, hauling manure. This C<?mbination of 
changes in policy, prices, and greater management options, make this an opportune time to look 
at linking farms. 

APPROACH 
To start this project, we will focus on creating a Learning Team that will conduct key informant 
interviews, run on-farm trials, and hold field days and winter meetings. In addition to 
cooperating farmers, the learning team will consist of Michael Field Agricultural Institute and 
UW agronomists, UW-Extension agents, and several Technical Services Providers (TSPs). Key 
informant interviews will help the learning team understand what are the current experiences that 
nutrient haulers, producers, and TSPs have had with manure contracts. 

A second core activity will be the field trials both on-farm and on-station (superimposed on CS 1, 
CS2, and CS3 of WICST). We envision primarily four "windows" for manure spreading: 1) 
after small grains; 2) after com silage harvest; 3) during a hay phase in an expanded grain 
rotation; or, 4) following soybeans in the common corn/soybean rotation. A key trade-off to be 
analyzed in these trials will be between nutrient conservation (manure incorporation) and soil 
conservation (winter ground cover, minimum tillage). Among the variables to be monitored will 
be soil compaction, yield (both com and soybeans), nitrogen leaching losses, soil test P & K 
accumulation, and enterprise profitability. 

OUTCOMES 
Our expectation is that over the next decade, it will become the norm for grain and livestock 
farms in southern Wisconsin to enter into contracts for nutrient as well as feed transfers between 
operations. This linking will result, in the long term, in improved profitability of the grain and 

1 Professor, Research specialist, and Graduate student, respectively, at UW-Madison, Agronomy Dept. 
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livestock farming operations, as well as improved land stewardship. In the intermediate term, we 
anticipate that there will be a growing momentum to link farms due to success stories in farm 
papers, extension bulletins and increased experience with these types of contracts between 
producers, and among private technical service providers, NRCS, UW-Extension, and coops. In 
the short term, we will focus on gaining knowledge about the impact of manure on grain fields 
and increased awareness of the complexities of manure contracting with our Learning Team. 
Our target population will be grain and livestock farmers and their advisors in southern 
Wisconsin who are interested and willing to export manure and expand their grain rotations to 
include manure in their soil management system. 

200 



WICST 9th Technical Report 

Appendix I-A. 2001 WICST INPUT/OUTPUT DATA - ARLINGTON RESEARCH STATION 

Corn rotations 

CROP-01 CORN CORN CORN CORN CORN 
Rotation CSl CS2 CS3 CS4 CSS 
Treatment# 1 3 5 7 11 

Plot #'s 109,204, 101,214, 106,202, 111,209, 110,208, 
306,412 303,401 307,411 305,409 304,413 

Primary Tillage Chisel plow No-till Chisel plow Chisel plow Chisel plow 
11/10/00 w/sweeps w/sweeps w/sweeps 

11/11/00 11/11/00 11/12/00 
Secondary Field Digger None Field Digger Field Digger Field Digger 
Tillage 4/24/01 4/24/01 4/24/01 4/24/01 

Planting Date 5/1/01 5/1/01 5/1/01 5/1/01 5/1/01 
Variety Cargill 4111 Cargill 4111 Cargill 4111 Cargill 4111 Cargill 4111 
Rate 32,000 seeds/a 32,000 seeds/a 32,000 seeds/a 32,000 seeds/a 32,000 seeds/a 

Starter 100 lb product 100 lb product None I 00 lb product None 
Fertilizer 5-10-30 5-10-30 5-10-30 

Nitrogen 100 lb Nia 120 lb Nia None None None 
Fertilizer 82-0-0 82-0-0 

preplant preplant 
Manure None None None 20 ton/a 15 ton/a 

11/10/00 11/10/00 

Pesticides Pre-emrg. 5/1-5/8 Pre-emrg. 5/8/01 None Pre-emrg. 5/8/01 None 
Counter (5 lb/a) Dual II (0.5 pt/a) Dual II (2 pt/a) 
Dual II (2 pt/a) Roundup Ultra 
Post-emrg. 6/4/01 (0.5 pt/a) Post-season: 1 

Buctril (1 pt/a) w/AMS 2.5lb/a RdupU (1.5 qt/a); 
Post-season 1: 
RdupU (1.5 qt/a) Post-emrg. 6/4/01 

2,4-D (1 pt/a) 

2,4-D (1 pt/a) w/ Buctril (!pt/a) w/AMS (2.5lb/a) 

AMS (2.5lb/a) 

Rotary Hoe 5/16/01 None 5/16/01 5/16/01 5/16/01 

Cultivation 5/22/01, 6/9/01 None 5/22/01, 6/9/01 5/22/01, 6/9/01 5/22/01, 6/9/01 

Harvest 10/15/01 10/15/01 10/15/01 10/15/01 10/15/01 

Yield 193.6 bu/a 207.7 bu/a 155.5 bu/a 227.8 bu/a 181.2 bu/a 

Fall Practices Chop stalks None Chop stalks Chop stalks Chop stalks 
11/1/01 11/1/01 11/1/01 11/1/01 

Manure 20 t/a Manure 15 t/a 
Chisel plow Chisel plow 11/12/01 11/12/01 
11/13/01 11/13/01 Chisel plow Chisel plow 

11/13/01 11/13/01 
Croe 2002 Corn Sorbean Sorbean D.S. Alfalfa Oats/Alfalfa 
1 outside 6 rows sprayed on 11/6/01 to control quackgrass invasion and dandelions 
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Appendix I-A. 2001 WICST INPUT/OUTPUT DATA - ARLINGTON RESEARCH STATION 

So;rbean and Wheat Rotations 
CROP-01 NRSoybean WR Soybean/Wheat WheaURedClover 
Rotation CS2 CS3 CS3 
Treatment# 2 4 6 

Plot #'s 108,206,310,408 104,201,301,402 102,212,313,407 

Primary Tillage No-till Chisel plow None 
10/11/00 

Secondary None Field digger 2x None 
Tillage 5/8/01 

Planting Date 5/10/01 SB: 5/10/01 Red clover: 4/13/01 
WW: 10/3/01 WW: 10/11/00 

Variety Dairyland 241 Pioneer 91B53 190,000 sd/a Arlington red clover: 12 lb/a 
Rate 250,000 seeds/a Kaskaskia 3 bu/a (180 lb/a) Kaskaskia wheat: 130 lb/a 

Fertilizer None None None 

Pesticides Pre-giant 5/8/01 None None 
Roundup-Ultra (1 qt/a) 
Post-emrg. 6/26/01 
Roundup-Ultra (I .pt/a) 

Rotary Hoe None 5/16/01 None 

Cultivation None 5/22/01, 6/9/01 None 

Harvest 10/30/01 10/2/01 Grain: 7/16/01 
Straw: 7/24/01 

Yield 51.6 bu/a 35.4 bu/a Grain: 54.8 bu/a 
Straw: 0.71 ton/a 

Fall Practices None Disc lx 10/3/01 Stalk chopper for re biomass 
Field digger 2x 10/3/01 Chisel plow w/sweeps 
Plant wheat 10/3/01 11/15/01 

CroE 2002 Corn Wheat / Red Clover Corn 
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Appendix I-A. 2001 WICST INPUT/OUTPUT DATA-ARLINGTON RESEARCH STATION 

Forage rotations 
CROP-01 D.S. Alfalfa Estab. Estab. Oats/Alfalfa Estab. Pasture 
Rotation CS4 Alfalfa I Alfalfa II CS5 Alfalfa I CS6 
Treatment# 10 CS4 CS4 13 CS5 14 

9 8 12 

Plot #'s 107,205, 105,203, I 13, 210, 114, 211, 103,213, 112,207, 
309,404 308,406 311,414 312,403 314,410 302,405 

Primary Tillage Chisel plow None None Chisel plow None None 
11/11/00 11/11/00 

Secondary Soil Finisher None None Soil Finisher None None 
Tillage 2x, 4/16/01 2x, 4/16/01 

Planting Date 4/17/01 3/30/00 3/24/99 4/16/01 3/30/00 4/13/01 
Variety Magnum V Dekalb 124 Wintergreen Bay Oats Dekalb 124, Arl. Red 

Trapper peas oats, trapper clover 
MagnumV peas 

Rate 12 lb/a 12 lb/a 12 lb/a 50 lb/a, Alf -12 lb/a 12 lb/a 
50 lb/a Oats - 80 lb/a 
12 lb/a Peas - 50 lb/a 

Fertilizer None None None None None None 

Manure 20 ton/a None None 15 ton/a None - 5 ton/a from 
11/10/00 11/10/00 4-516lb 

heifers 
Pesticides 5/19/01 Pursuit 7/13/01 7/13/01 None None None 

(1.44 oz/a) Pounce Pounce 
w/ AMS 2.5 lb/a (4 ozla) (4 oz/a) 
6/21/01 

11/6/01 Pounce 4 oz/a 
7/11/01 Roundup 

Warrior 2 oz/a 1.5 qt/a 
w/AMS 2.5lbia 

Harvest 7/06/01 6/08/01 6/08/01 Oatlage: 6/08/01 Rotational 
8/14/01 7/09/01 7/09/01 6/30/01 7/09/01 Grazing/ 
10/16/01 8/14/01 8/14/01 Haxlage: 8/14/01 clipping, 153 

10/16/01 10/16/01 8/14/01 10/16/01 d of grazing 
10/16/01 

Yield 3.21 t DM/a 5.89 t DM/a 5.53 tDM/a Oatlage: 2.35 5.29 tDM/a 1.63 lb/hd/dy 
Haylage: 2.18 1.28 t DM/a1 

tDM/a 

Fall Practices None None Manure 20 t/a None Manure 15 t/a None 
11/12/01 11/12/01 

· Chisel plow Chisel plow 
w/sweeps w/sweeps 
11/13/01 11/15/01 

Croe 2002 Alf I Alf II Corn Alfi Corn Pasture 
1 hay harvested in May from plot 207= 1.52 ton DM/a and hay harvested in June from 405= 1.04 ton DM/a 
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Appendix I-A. 2001 WICST INPUT/OUTPUT DATA -ARLINGTON RESEARCH STATION 
Satellite Elots - Chemlite of CroEEing Ststem 3 
CROP-01 Corn WR Soybean/Wheat WheaURed Clover 

Rotation CS3 CS3 CS3 

Treatment# 5 4 6 

Primary Tillage Chisel plow w/sweeps Chisel plow None 
11/11/00 10/11/00 

Secondary Field digger Field digger 2x None 
Tillage 4/24/01 5/8/01 

Planting Date 5/1/0 I SB: 5/10/01 Red clover: 4/13/01 
WW: 10/3/01 WW: 10/11/00 

Variety Cargill 4111 Pioneer 91B53 190,000 sd/a Arlington red clover: 12 lb/a 
Rate 32,000 seeds/a Kaskaskia 3 bu/a (180 lb/a) Kaskaskia wheat: 130 lb/a 

Fertilizer None None None 

Pesticides 6/4/01 Northstar 0.50 ozla None None 
6/4/01 Accent 0.33 ozla 

Rotary Hoe 5/16/01 5/16/01 None 

Cultivation 5/22/01, 6/9/01 5/22/01, 6/9/01 None 

Harvest 10/15/01 10/2/01 Grain: 7/16/01 
Straw: 7/24/01 

Yield 190.8 bu/a 39.7 bu/a Grain: 56.3 bu/a 
Straw: 0.66 t DM/a 

Fall Practices Chisel plow Disc Ix 10/3/01 Stalk chopper for re biomass 
11/15/01 Field digger 2x 10/3/0 l Chisel plow w/sweeps 

Plant wheat I 0/3/01 11/15/01 

Crop 2002 Soybean Wheat/ Red Clover Corn 
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Appendix 1-B. 2002 WICST INPUT/OUTPUT DATA-ARLINGTON RESEARCH STATION 

Corn rotations 
CROP-02 CORN CORN CORN CORN CORN 
Rotation CS1 CS2 CS3 CS4 CS5 
Treatment# .1 2 6 8 12 
Plot #'s 109,204, 108,206, 102,212, 113,210, 103,213, 

306,412 310,408 313,407 311,414 314,410 

Primary Tillage Chisel plow No-till Chisel plow Chisel plow Chisel plow 
11/13/01 w/sweeps w/sweeps w/sweeps 

11/15/01 11/13/01 11/15/01 

Secondary Field Digger None Field Digger Field Digger Field Digger 
Tillage 4/30/02 4/30, 5/7, 5/14 4/30/02 4/30, 5/7, 5/14 

Planting Date 4/30/02 4/30/02 5/14/02 4/30/02 5/14/02 
Variety Agrigold A6382 Agrigold A6382 FS 3969 Agrigold A63 82 FS 3969 
Rate 32,000 seeds/a ~2,000 seeds/a 34,500 seeds/a 32,000 seeds/a 34,500 seeds/a 

Starter 100 lb product 100 lb product None 100 lb product None 
Fertilizer 5-14-42 5-14-42 5-14-42 

Nitrogen 130 lb Nia 80 lb N/a None None None 
Fertilizer 82-0-0 46-0-0 

preplant preplant 

Manure None None None 20 ton/a 15 ton/a 
11/12/01 11/12/01 

Pesticides Pre-emrg 5/3/02: Pre-emrg 5/3/02: None Pre-emrg 5/3/02: None 
Counter (5 lb/a) Dual II (1.5 pt/a) Dual II Magnum 
Dual II Magnum Roundup Ultra (1.5 pt/a) 
(1.5 pt/a) (12 oz/a) 

w/AMS 2.5 lb/a Post-emg 6/17/02: 
Post-emrg 6/14/02 Northstar (5 oz/a) 
Callisto 3 oz/a Post-emrg 6/14/02 
w/2.5 lb/a AMS, Callisto 3 oz/a 
crop oil w/2.5 lb/a AMS, 

crnn oil 

Rotary Hoe 5/22/02 None 5/22, 5/28, 6/7 5/22/02 5/22, 5/28, 6/7 

Cultivation 6/25/02 None 6/14, 6/25 6/25/02 6/14, 6/25 

Harvest 10/21/02 10/21/02 10/21/02 10/21/02 10/21/02 

Yield 192.2 bu/a 159.0 bu/a 157.8 bu/a 186.6 bu/a 174.1 bu/a 

Fall Practices Chop stalks None Chop stalks Chop stalks Chop stalks 
11/7/02 11/7/02 11/7/02 11/7/02 

Manure 20 t/a Manure 15 t/a 
Chisel plow Chisel plow 11/13/02 11/13/02 
11/20/02 11/20/02 Chisel plow Chisel plow 

11/20/02 11/21/02 

CroE 2003 Corn Sorbean Sorbean D.S. Alfalfa Oats/ Alfalfa 
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Appendix 1-B. 2002 WICST INPUT/OUTPUT DATA -ARLINGTON RESEARCH STATION 

So;rbean and Wheat Rotations 
CROP-02 NRSoybean WR Soybean/Wheat Wheat/Red Clover 
Rotation CS2 CS3 CS3 
Treatment# 3 5 4 

Plot #'s 101,214,303,401 106,202,307,111 I 04,201,301,402 

Primary Tillage No-till Chisel plow None 
I 0/13/01 

Secondary None Field digger None 
Tillage 4/30, 5/7, 5/14 

Planting Date 5/15/02 SB: 5/14/02 Red clover: 4/1/02 
WW: 10/10/02 WW: 10/3/01 

Variety Asgrow 2001 NK 19-T9 190,000 sd/a Arlington red clover: 15 lb/a 
Rate 250,000 seeds/a Kaskaskia 3 bu/a (180 lb/a) Kaskaskia wheat: 180 lb/a 

Fertilizer None None None 

Pesticides Pre-giant 5/3/02 None None 
Roundup-Ultra (0.5 pt/a) 
Post-emerg. 6/28/02 
Roundup-Ultra (0.5 pt/a) 
(Both w/2 lb/a AMS) 

Rotary Hoe None 5/22/02, 5/28/02, 6/7 /02 None 

Cultivation None 6/14/02, 6/18/02, 6/25/02 None 

Harvest· 10/11/02 10/11/02 Grain: 7 /15/02 
Straw: 7/16/02 

Yield 54.5 bu/a 51.0 bu/a Grain: 70.5 bu/a 
Straw: 1.43 ton/a 

Fall Practices None Stalk chopper for re biomass 
Field digger lx 10/11/02 Chisel plow w/sweeps 
Plant wheat 10/11/02 11/21/02 

Cro.e,2003 Corn Wheat/ Red Clover Corn 
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Appendix 1-B. 2002 WICST INPUT/OUTPUT DATA - ARLINGTON RESEARCH STATION 

Forage rotations · 
CROP-02 D.S. Alfalfa Estab. Estab. Oats/Alfalfa Estab. Pasture 
Rotation CS4 Alfalfa I Alfalfa II css Alfalfa I CS6 
Treatment# 7 CS4 CS4 11 css 14 

10 9 13 

Plot #'s 111,209, 107,205, 105,203, 110,208, 114,211, 112,207, 
305,409 309,404 308,406 304,413 312,403 302,405 

Primary Tillage Chisel plow None None Chisel plow None None 
11/13/01 11/11/01 

Secondary Field digger None None Field digger None None 
Tillage 4/08/02 2x, 4/09/02 

Planting Date 4/09/02 4/17/01 3/30/00 4/09/02 4/17/01 None 
I . Variety Magnum V Magnum V Dekalb 124 Bay Oats Magnum V, 

Trapper peas oats, trapper 
Magnum V peas 

Rate 12 lb/a 12 lb/a 12 lb/a 50 lb/a, Alf -12 lb/a 
50 lb/a Oats - 50 lb/a 
12 lb/a Peas - 50 lb/a 

Fertilizer None None None None None None 

Manure 20 ton/a None None 15 ton/a None - 5 ton/a from 
11/12/01 11/10/00 4-515 lb 

heifers 

Pesticides 6/12/02 7/18/02 7/18/02 None None Stinger 
Pursuit DO Warrior 2 oz/a Warrior 2 oz/a - 1 gal spot 
1.08 oz/a 10/8/02 

7/8/02 2,4-D ester 2 oz/a sprayed 
Pounce 3.2ec 11/1/02 
6 oz/a RoundupUlt 

7/18/02 I pt/a 
Warrior 2 oz/a w/AMS2lb/a 

Harvest 7/01/02, 5/31/02, 5/31/02, Oatlage: 6/08/02, Rotational 
8/14/02 7/01/02, 7/01/02, 6/30/02 7/09/02, Grazing/ 

8/05/02, 8/05/02, Haylage: 8/14/02, clipping, 163d 
9/09/02 9/09/02 8/14/02 10/16/02 of grazing 

Yield 2.96 t DM/a 5.18 tDM/a 4.50 tDM/a Oatlage: 2.42 5.10 tDM/a 1.82 lb/hd/dy 
Haylage: 1.09 1.20 t DM/a1 

tDM/a 

Fall Practices None None Manure 20 t/a None Manure 15 t/a None 
11/13/02 11/13/02 

Chisel plow Chisel plow 
w/sweeps w/sweeps 
11/21/02 11/21/02 

Cro~ 2003 Alfi Alf II Corn Alfi Corn Pasture 
1 Hay harvested in May from plot 207 = 1.20 ton DM/a and hay harvested in May and June from plot 405 = 1.17 ton DM/a 
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Appendix 1-B. 2002 WICST INPUT/OUTPUT DATA - ARLINGTON RESEARCH STATION 
Satellite elots - Chemlite of Croeeing Srstem 3 
CROP-02 Corn WR Soybean/Wheat Wheat/Red Clover 

Rotation CS3 CS3 CS3 

Treatment# Sat B,F Sat A,E SatC,D 

Primary Tillage Chisel plow w/sweeps Chisel plow None 
11/15/01 10/13/01 

Secondary Field digger Field digger None 
Tillage 4/30, 5/7, 5/14 4/30, 517, 5/14 

Planting Date 5/14/02 SB: 5/14/02 Red clover: 4/1/02 
WW: 10/11/02 WW: 10/3/01 

Variety FS 3969 NK 19-T9 190,000 sd/a Arlington red clover: 15 lb/a 
Rate 34,500 seeds/a Kaskaskia 3 bu/a (180 lb/a) Kaskaskia wheat: 180 lb/a 

Fertilizer 80 lb N/a None 4/23/02 
46-0-0 preplant 50 lb Nia 46-0-0 

Pesticides 6/15 Buctril 0.5 pt/a 6/21 Raptor 2 oz/a None 
6/15 Accent 0.33 oz/a 6/21 Poast Plus 0.75 pt/a 

Rotary Hoe 5/28, 6/7 5/28, 6/7 None 

Cultivation 6/25/02 6/25/02 None 

Harvest 10/21/02 10/11/02 Grain: 7 /15/02 
Straw: 7 /16/02 

Yield 173.1 bu/a 60.8 bu/a Grain: 78.3 bu/a 
Straw: 1.79 t DM/a 

Fall Practices Chisel plow Field digger 10/11/02 Stalk chopper for re biomass 
11/20/02 Plant wheat 10/11/02 Chisel plow w/sweeps 

11/21/02 

Crop 2003 Soybean Wheat / Red Clover Corn 
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Appendix II-a. 2001 WICST INPUT/OUTPUT DATA- LAKELAND AGRICULTURAL COMPLEX 

Corn Rotations 
CROP-01 CORN CORN CORN CORN CORN 
Rotation CSl CS2 CS3 CS4 CS15 
Treatment# 1 3 5 7 18 

.Plot #'s 101,210,303,401 113,206, 311, 410 107,205,307,406 103,202,310,411 102,209,305,402 

Primary Tillage 9-shank disc No-till 7-shank chisel 9-shank disc 7-shank chisel 
chisel plow with sweeps chisel plow with sweeps 
11/10/00 5/1/01 11/10/00 5/1/01 

Secondary Landoll soil None Landoll soil Landoll soil Landoll soil 
Tillage finisher finisher finisher finisher 

5/2/01 5/2/01 5/2/01 5/2/01 

Planting Date 5/4/01 5/3/01 5/3/01 5/3/01 5/3/01 
Variety Cargill 4111 Cargill 4111 Cargill 4111 Cargill 4111 Cargill 4111 
Rate 32,000 seeds/a 32,000 seeds/a 34,000 seeds/a 32,000 seeds/a 34,000 seeds/a 

Starter l 00 lb product 250 lb product1 None 250 lb product None 
Fertilizer 9-23-30 9-23-30 9-23-30 

Nitrogen 155 lb N 51 lb N/a2 None None None 
Fertilizer 28-0-0 6/22/0 l 28-0-0 6/22/0 l 

Manure None None None 15 ton/a 20 ton/a 
11/11/00 11/11/00 

Pesticides Banded at glanting Brdcast gost-emg. None Brdcast 6/17/01 None 
Force 30 ( 4.4 lb/a) 5/17/01: Accent (0.67 ova) 

Banvel (1 pt/a) Buctril ( 1 pt/a) 
Brdcast 6/17/01 6/17/01: Crop oil (0.1 qt/a) 
Accent (0.67 ova) Buctril (lpt/a) AMS (3 lb/a) 
Buctril (1 pt/a) Accent (0.67 ova) 
Crop oil (0.1 qt/a) Crop oil (0.1 qt/a) 
AMS (3 lb/a) AMS (3 lb/a) 

Rotary Hoe None None 5/9/0 I, 5/16/0 I None 5/9/01, 5/16/01 

Cultivation None None 6/21/01 None 6/21/01 

Harvest 11/1/01 11/1/01 11/1/01 11/1/01 11/1/01 

Yield 53.2 92.3 bu/a 96.9 bu/a 160.0 bu/a 162.0 bu/a 

Fall Practices 7-shank None 7- shank chisel None 7- shank chisel 
chisel plow plow w/sweeps plow w/sweeps 
11/7/01 11/7/01 11/7/01 

Croe-2002 Corn Soybean Soybean Soybean Soybean 
1 Starter fertilizer added provides P and K to corn and subsequent soybean phase. 
2 average rate: plot 113 & 206 received 102 lb N/a each and plots 311 & 410 received none. 
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Appendix II-a. 2001 WICST INPUT/OUTPUT DATA- LAKELAND AGRICULTURAL COMPLEX 
Soybean and Wheat Rotations 

CROP-01 NR Soybean WR Soybean/Wheat Wheat/Red Clover WR Soybean 
Rotation CS2 CS3 CS3 CS15 
Treatment# 2 4 6 23 

Plot #'s 108,203,304,409 109,204,308,404 111,208,306,407 114,201, 313, 405 

Primary Tillage No-till 9-shank disc chisel Field cultivator 9-shank disc chisel 
11/10/00 10/18/00 l 1/10/00 

Secondary None Soil finisher 2x None Soil finisher 2x 
Tillage 4/30/01, 5/17/01 4/30/01, 5/17/01 

Planting Date 5/17/01 Soybean: 5/18/01 WW: 10/19/00 5/18/01 
Wheat: 10/8/0 I Red clover: 3/26/0 I 

Variety Dairyland DS215RR SB: Pioneer 91853 Glacier WW: 180 lb/a Pioneer 9IB53 
Rate 229,600 seeds/a, 14 seeds/ft Arlington RC: 18 lb/a 14 seeds/ft 

3200 seeds/lb WW: Kaskaskia 180 
lb/a 

Fertilizer None None None None 

Pesticides Pre-[!lant 5/17/01: None None None 
Roundup Ultra Max 

(1 pt/a) 
AMS (3 lb/a) 
Post-emerg 7/12/01 
Roundup Ultra Max 

(1 pt/a) 
AMS (3 lb/a) 

Rotary Hoe None 5/29/01 None 5/29/01 

Cultivation None 6/21/01, 7/10/01 None 6/21/01, 7/10/01 

Harvest 
10/9/01 10/8/01 7/31/01, 10/8/01 

8/1/01 

Yield 53.9 bu/a 27.7 bu/a Grain: 45.9 bu/a 50.0 bu/a 
Straw: 0.73 t DM/a 

Fall Practices None Field cultivator 7-shank chisel plow None 
10/8/01 w/sweeps 11/7/01 
Planted wheat 10/8/01 

Cro.l! 2002 Corn Wheat/Red Clover Corn 0/P/F 
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Appendix Il-a. 2001 WICST INPUT/OUTPUT DATA - LAKELAND AGRICULTURAL 
COMPLEX 

Forage Rotations 
CROP-01 D.S. Alfalfa Established Oats/Pea/ Forage Established Pasture 

Alfalfa I Alfalfa I 
Rotation CS4 CS4 CS15 CS15 CS6 

Treatment# 10 9 22 21 14 _ 

Plot #'s 112,214,301,403 110,212,302,414 105,207,309,412 106,211,312,413 104,213,314,408 

Primary Tillage 9-shank disc None 9-shank disc None None 
chisel 11/10/00 chisel 11/10/00 

Secondary Soil finisher 2x None Soil finisher 2x None None 
Tillage 4/30/01 4/30/01 

Planting Date 4/30/01 5/3/00 4/30/01 3/31/00 Arl Red clover 
Variety Wrangler NK919 50:50 oat/pea mix 40:60 oat/pea mix 3/26/01 

Alf- 8 lb/a Alf- 8 lb/a 
RC-8 lb/a RC-6 lb/a 
Per. Ryeg - 2 lb/a Per. Ryeg. 2 lb/a 

Rate 18 lb/a 18 lb/a Oat/pea 150 lb/a oat/pea 150 lb/a 6 lb/a 
Forage18 lb/a Forage 16 lb/a 

Fertilizer None None None None -5 t/a from 4-491 
lb heifers 

Manure 15 tons/a None 20 tons/a None None 
11/9/00 11/9/00 

Pesticides 7/11/01 None None None None 
PursuitDG 

1.44 oz/a 
+ crop oil 1.5 pt/a 

Harvest 6/22/01 1 5/31/01 Oatlage: 6/23/01 5/31/01 MIRO plus hay 
8/13/01 7/12/01 Haylage: 8/14/01 7/12/01 7/12/01, 158 d of 

8/30/01 8/30/01 grazing 

Yield 1.37 t DM/a 3.17 t DM/a Oatlage: 1.3 7 4.10 tDM/a 1.77 lb/hd/day 
Haylage: 1.80 0.75 tDM1a2 
tDM/a 

Fall Practices None None None None None 

CroE_ 2002 Alf I Corn Alf I Corn Pasture 
r First cutting was clipped and left on ground due to heavy weeds: wet field prevented spraying in timely manner. 
2 Hay harvested from plot 408 only on July 17, 2001. 
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Appendix 11-B. 2002 WICST INPUT/OUTPUT DATA - LAKELAND AGRICULTURAL COMPLEX 

Corn Rotations 
CROP-02 
Rotation 
Treatment# 

Plot #'s 

Primary Tillage 

Secondary 
TiHage 

Planting Date 
Variety 
Rate 

Starter 
Fertilizer 

Nitrogen 
Fertilizer 

Manure 

Pesticides 

Rotary Hoe 

Cultivation 

Harvest 

Yield 

Fall Practices 

Crop-2003 

CORN 
CSl 
1 

101,210,303,401 

7-shank chisel 
11/7/0 I 

Field cultivator 
Ix 5/4/02 

5/4/02 
A6382 
32,000 seeds/a 

200 lb product 
4-10-10 

160 lb N 
28-0-0 6/19/02 

None 

Banded at planting 
Counter 20 CR 
(6.7lb/a) 

Brdcast Pre-Emg 
5/11/02 Dual II 
Magnum (1.67 pt/a) 
Brdcast Post-Emg 
6/19/02 
Buctril Plus ( 1 pt/a) 
Stinger ( 4 oz/a) 

None 

7/15/02 

10/30/02 

63.5 

None 

Corn 

CORN 
CS2 
2 

108,203,304,409 

None 

None 

5/4/02 
A6382 
32,000 seeds/a 

200 lb product1 

4-10-10 

120 lb N/a 
28-0-0 6/19/02 

None 

Brdcast pre-emg. 
5/11/02: 
Dual II Magnum 
(1.67 pt/a) 
RdUp Ult (1 pt/a) 

w/AMS (3 lb/a) 
Brdcast Post-Emg. 
6/19/02: 
Buctril (1 pt/a) 

None 

None 

10/30/02 

136.6 bu/a 

None 

Soybean 

CORN 
CS3 
6 

111,208,306,407 

7-shank chisel 
plow w/sweeps 
11/7/01 

Field cultivator 
3x 4/24,5/4,5/21 

5/22/02 
FS3969 
34,200 seeds/a 

None 

None 

None 

None 

5/29/02, 6/2/02 

6/162
, 6/23, 7/15 

10/30/02 

55.8 bu/a 

None 

Soybean 

CORN 
CS14 
19 

l 10,212,302,414 

Disc chisel 
5/3/02 

Field cultivator 
Ix 5/4/02 

5/4/02 
A6382 
32,000 seeds/a 

200 lb product1 

4-10-10 

None 

15 ton/a 
5/2/02 

Brdcast Post-Emg 
6/9/02.: 
Accent (0.67 oz/a) 
Crop oil ( 1 pt/a) 
AMS (3 lb/a) 
6/19/02: 
Buctril (1 pt/a) 

None 

7/15/02 

10/30/02 

85.1 bu/a 

None 

Soybean 

Starter fertilizer added provides P and K to com and subsequent soybean phase. 
2 15' Tine weeder used for first cultivation 
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CORN 
CS15 
21 

106,211,312,413 

Chisel plow 
5/3/02 

Field cultivator 
3x 4/24,5/4,5/21 

5/22/02 
FS3969 
34,200 seeds/a 

None 

None 

20 ton/a 
5/1/02 

None 

5/29/02, 6/2/02 

6/162
, 6/23, 7/15 

10/30/02 

118.8 bu/a 

None 

Soybean 
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Appendix II-B. 2002 WICST INPUT/OUTPUT DATA - LAKELAND AGRICULTURAL COMPLEX 
So_rbean and Wheat Rotations 

CROP-02 NRSoybean WR Soybean/Wheat Wheat/Red Clover WR Soybean 
Rotation CS2 CS3 CS3 CSI5 
Treatment# 3 5 4 18 

Plot #'s 113,206,311,410 107,205,307,406 I 09,204,308,404 102,209,305,402 

Primary Tillage No-till 7-shank chisel Field cultivator 7-shank chisel 
11/7/01 10/8/01 w/sweeps 

11/7/01 
Secondary None Field cultivator None Field cultivator 
Tillage 3x 4/24, 5/4, 5/29 3x 4/24, 5/4, 5/29 

Planting Date 5/23/02 Soybean: 5/29/02 WW: 10/8/01 5/29/02 
Wheat: 10/21/02 Red clover: 4/5/02 

Variety Asgrow2001 SB: Pioneer 91 B53 Kaskaskia ww: 180 lb/a Pioneer 91 B53 
Rate 260,000 s/a 225,000 s/a Arlington RC: 18 lb/a 225,000 s/a 

ww: Kaskaskia 180 lb/a 

Fertilizer None None None None 

Pesticides Pre-plant 5/11/02 None None None 
Roundup Ultra Max 

(l pt/a) 
AMS (3 lb/a) 
Post-emerg 6/26, 8/2 
Roundup Ultra Max 

(l pt/a) 
AMS (3 lb/a) 

Rotary Hoe None 6/2/02 None 6/2/02 

Cultivation None 6/162
, 6/23, 7 /15 None 6/162

, 6/23, 7/15 

Harvest 
10/30/02 10/21/02 Grain: 7 /23/02 10/30/02 

Straw: 7 /31/02 

Yield 37.2 bu/a 30.3 bu/a Grain: 52.9 bu/a 40.2 bu/a 
Straw: 0.36 t DM/a 

Fall Practices None Field cult 2x None None 
Plant wheat 10/21/02 

Cro.J!2003 Corn Wheat/Red Clover Corn 0/P/F 

2 15' Tine weeder used for first cultivation 
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Appendix 11-B. 2002 WICST INPUT/OUTPUT DATA- LAKELAND AGRICULTURAL 
COMPLEX 

Forage Rotations 
CROP-02 D.S. Alfalfa Established Oats/Pea/ Forage 

Alfalfa I 
Rotation CS14 CS4 CSlS 

Treatment# 17 20 23 

Plot #'s I 03,202,310,411 112,214,301,403 114,201,313,405 

Primary Tillage 7-shank disc None 7-shank disc 
chisel 4/23/02 chisel 4/23/02 

Secondary Field cultivator None Field cultivator 
Tillage 2x 4/24, 4/25 2x 4/24, 4/25 

Planting Date 4/25/02 4/30/01 4/25/02 
Variety NK919 Wrangler 60:40 oat/pea mix 

Alf-8 lb/a 
RC-6 lb/a 
Per. Ryeg - 4 lb/a 

Rate 18 lb/a 18 lb/a Oat/pea 150 lb/a 
Foragel8 lb/a 

Fertilizer None None None 

Manure 15 tons/a None 20 tons/a 
4/19/02 4/19/02 

Pesticides 6/9/02 None None 
Pursuit DG 

1.08 oz/a 

Harvest 7/1/02 1 6/2/02 Oatlage: 7 /4/02 
8/18/02 7/15/02 Haylage: 8/21/02 
10/10/022 8/18/02 

10/11/02 

Yield 0.56 t DM/a 2.12 t DM/a Oatlage:2.42 
Haylage: 0.34 
tDM/a 

Fall Practices None None None 

C~2~ ~I ~rn ~I 
r First cutting only rep 2 and3 were harvested, 1 and 4 too short. 
2 All plots clipped but not measured on Oct l 0, 2002 
3 plot 408 only- l cut 
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Established 
Alfalfa I 
CS15 

22 

I 05,207,309,412 

None 

None 

4/30/01 
50:50 oat/pea mix 
Alf-8 lb/a 
RC-8 lb/a 
Per. Ryeg. 2 lb/a 

oat/pea 150 lb/a 
Forage 18 lb/a 

None 

None 

None 

6/2/02 
7/15/02 
8/18/02 
10/11/02 

3.33 tDM/a 

None 

Corn 

Pasture 

CS6 

14 

104,213,314,408 

None 

None 

None 

-5 t/a from 4-450 
lb heifers 

None 

None 

MIRG plus hay 
plot 408 6/9/02, 
172 d of grazing 

1.08 lb/hd/day 
1.28 t DM/a3 

None 

Pasture 
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System/plot# 

CSl trt 1 
109,204,306,412 

CS2 trt2 
108,206,310,408 

CS2 trt3 
101,214,303,401 

CS3 trt4 
104,201,301,402 

CS3 trt 5 
106,202,307,411 

CS3 trt6 
102,212,313,407 

CS4 trt 7 
111,209,305,409 

CS4 trt 8 
113,210,311,414 

CS4 trt 9 
105,203,308,406 

CS4 trt IO 
107,205,309,404 

CS5 trt 11 
110,208,304,413 

CS5 trt 12 
103,213,314,410 

CS5 trt 13 
114,211,312,403 

CS6 trt 14 
112,207,302,405 

92 93 94 

93 84 91 

79 65 68 

89 78 89 

69 64 68 

-- 57 63 

-- 53 57 

94 85 99 

105 81 92 

-- 62 65 

77 71 72 

103 88 93 

72 67 72 

-- 73 83 

-- 82 84 

son TEST PHOSPHORUS (ppm) 

95 96 97 98 99 00 01 02 

88 91 83 82 80 76 85 91 

67 66 61 59 75 69 70 77 

72 83 72 75 62 53 57 59 

65 66 55 55 46 43 48 45 

52 57 56 47 67 49 55 64 

49 49 48 45 52 51 51 59 

84 90 90 90 81 80 95 111 

93 94 81 91 93 81 81 101 

74 91 72 66 79 78 80 83 

67 77 76 63 66 74 86 84 

91 96 82 90 81 75 95 103 

64 72 66 59 68 60 65 80 

78 76 71 66 68 71 77 80 

75 74 73 64 68 64 73 54 

SOIL TEST POTASSIUM (ppm) 

92 93 94 95 96 97 98 99 

219 295 228 241 257 254 229 217 

239 229 183 182 214 178 184 197 

198 264 214 208 230 224 212 164 

189 251 182 175 209 166 180 124 

--- 226 171 164 191 172 150 174 

--- 201 142 149 155 136 131 149 

175 216 171 157 180 212 200 168 

203 170 154 184 189 153 166 179 

--- 170 128 160 228 143 115 134 

189 224 155 153 196 205 141 133 

198 236 172 185 201 153 154 135 

181 210 144 127 143 128 98 110 

--- 211 173 180 174 153 153 130 

--- 186 157 176 208 210 180 202 

00 01 

203 194 

169 153 

128 126 

104 109 

145 136 

130 110 

116 127 

128 96 

133 107 

137 163 

95 108 

87 75 

120 110 

148 153 

02 

202 

179 

131 

95 

140 

133 

146 

142 

91 

111 

122 

103 

101 

163 
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SOIi TEST PHOSPHORUS (ppm) 

System/plot# 92 93 94 95 96 97 98 99 00 01 02 92 

CSl trt 1 58 52 95 49 61 54 53 49 52 58 61 205 101,210,303,401 

CS2 trt2 52 47 64 39 41 43 37 43 47 53 46 186 108,203,304,409 

CS2 trt3 53 43 71 47 51 46 40 39 34 49 · 41 204 113,206,3 i 1,410 

CS3 trt4 46 39 56 39 43 35 37 32 39 41 38 173 109,204,308,404 

CS3 trt 5 36 49 30 36 36 31 38 37 36 39 ---107,205,307,406 --

N 

CS3 trt6 39 46 37 37 34 34 31 33 35 36 ---111,208,306,407 --
..... 
0\ CS4 trt 7 57 51 50 62 67 85 64 70 60 79 81 121 103,202,310,41 l 

CS4 trt 8/18* 52 52 43 77 74 62 73 72 61 78 81 171 102,209,305,402 

CS4trt 9 36 69 54 70 60 51 58 56 58 62 ---110,212,302,414 --

CS4 trt 10 59 62 52 62 89 75 80 76 88 100 95 181 112,214,301,403 

CS5 trt 11 41 52 47 55 68 56 64 59 71 72 106 161 106,211,312,413 

CS5 trt 12 55 48 45 53 72 73 68 70 73 85 74 159 105,207,309,412 

CS5 trt 13 46 50 64 59 75 64 66 63 86 106 - - -114,201,313,405 --
CS6 trt 14 41 46 42 61 60 54 61 54 54 58 ---104,213,314,408 --

SOIL TEST POTASSIUM (ppm) 

93 94 95 96 97 98 99 

185 219 177 191 165 177 147 

158 177 137 132 132 133 153 

196 . 188 183 177 160 153 116 

181 161 154 155 150 157 128 

173 147 136 149 149 147 126 

179 152 156 152 141 142 117 

145 150 159 163 183 143 128 

165 150 256 206 150 190 201 

181 180 192 271 202 181 164 

203 150 152 220 184 184 138 

205 142 164 200 160 201 167 

181 130 151 188 178 143 130 

200 139 195 176 193 189 143 

166 132 177 240 228 230 205 

00 01 

150 154 

137 126 

111 93 

126 99 

133 92 

128 95 

102 109 

132 127 

152 128 

195 171 

168 106 

131 103 

154 144 

195 142 

02 

144 

123 

113 

112 

115 

114 

127 

134 

125 

156 

143 

101 

166 

202 

~ ...... 
() 
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>-l 

'° Er 

~ 
§" ..... 
(") 
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.g 
0 
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0-6" 6-12" 12-24" 24-36" 

System Trt. 
Initial 7th 12th Initial 7th 12th Initial 7th 12th Initial 7th 12th 

Year year year Year year year year year · year Year year year 

ppm 

CS1 c-c-c 1 105 91 85 65 43 43 59 29 28 85 493 51 - - ,, __ --·--....... _ .... __________ 
CS2 c-sb-c 2 88 48 77 47 35 58 50 10 70 73 ns 98 

CS2 3 98 66 57 43 30 38 24 28 23 51 423 53 
.. r---.. ---··---.. -----·--

CS3 c-sb-w/rc 4 57 45 - 38 21 - 16 23 - 39 42 -
CS3 5 105 66 55 59 34 43 20 20 28 43 ns 50 

N ...... CS3 6 69 48 59 24 35 32 22 7 31 47 ns 52 
- .... -

--.l CS4 c-a-a-a 7 115 90 95 46 47 52. 35 31 29 57 ns 48 
CS4 8 93 45 108 39 34 45 32 8 31 52 ns 54 

CS4 9 66 66 - 44 38 - 21 25 - 45 52 -
CS4 10 77 66 - 34 40 - 51 52 - 86 75 -... _____ ., __________ 

----------·-·--·· 
CS5 c-o/a-a 11 53 96 95 20 44 48 8 28 41 5 ns 68 

CS5 12 70 77 80 27 36 29 22 16 30 47 ns 54 

CS5 13 84 66 - 42 34 - 21 29 - 36 41 -
- -----.. ··--" 

CS6 pasture 14 114 74 73 56 52 53 74 43 81 96 753 92 
1 Sampling done in the 7th year after the initiation of each treatment. 
2 Samples taken in the year prior to the treatment start year-1989: treatments l, 3, 5, 7, 11, 14; 1990 trts 2, 6, 8, 12; 1991: trts 4, 9, 13; and 1992: trt 10 
3 3rd foot sampled in 2000, not 7th year after start ofrotation 
ns = no samples taken for 24-36". 
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0-6" 6-12" 12-24" 24-36" 

System Trt. 
Initial 7th 12th Initial 7th 12th Initial 7th 12th Initial 7th 

12th year 
Year year year Year year year year year year Year year 

ppm 

CS1 c-c-c 1 66 61 58 39 31 22 13 15 10 8 ns 9 

CS2 c-sb-c 2 65 73 46 43 46 26 14 50 7 12 ns 4 

CS2 3 59 41 49 24 14 13 9 7 8 6 ns 5 

CS3 c-sb-w 4 49 34 - 24 30 - 33 14 - 24 6 -

N CS3 5 64 43 36 30 23 19 10 18 6 4 ns 4 -00 CS3 6 54 58 28 26 29 11 11 21 6 14 ns 3 

CS4 c-a-a-a 7 76 67 79 39 21 18 10 7 11 8 ns 11 

CS4 84 59 73 - 31 40 - 11 27 - 13 ns -
CS4 9 37 51 65 32 48 16 26 19 6 25 6 4 

CS4 10 59 71 - 46 23 - 9 10 - 8 ns -
CS5 c-o/a-a 11 53 68 72 20 22 14 8 8 7 5 ns 5 

CS5 12 68 79 - 32 35 - 8 24 - 7 ns -
CS5 13 54 64 - 34 73 - 12 31 - 5 17 -
CS6 pasture 14 63 61 54 31 27 14 7 12 7 3 ns 4 

I Sampling d.o~e in the i'11 year after the initiation of each treatment. 
2 Samples taken in the yearpriortothetreatment startyear-1989: treatments 1, 3, 5, 7, 11, 14; 1990trts 2, 6, 8, 12; 1991: trts 4, 9, 13; and 1992: trt 10 
3 3rd foot sampled in 2000, not 7th year after start ofrotation 
4 as of 1999, due to changes in rotations CS4 and CS5, trt 8 no longer exists. 
ns = no samples taken for 24-36". 
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0-6" 6-12" 12-24" 24-36" 

System Trt. 
Initial 7'h 12th Initial 7'h 12th Initial ih 12th Initial ih 

12th year 
Year year year Year year year year year year Year year 

ppm 

est c-c-c 1 257 257 194 143 100 83 125 74 88 135 883 121 
--· ·--· -------

CS2 c-sb-c 2 283 144 179 126 130 96 125 124 104 123 ns 110 

CS2 3 199 214 126 121 91 90 134 83 99 155 983 118 
--·---·-------

CS3 c-sb-w 4 195 135 - 124 91 - 86 121 - 98 123 -
CS3 5 236 209 136 133 95 80 126 80 93 156 ns 119 

N CS3 6 200 129 133 78 95 78 88 108 86 100. ns 104 
I-' 

\0 ' 
CS4 c-a-a-a 7 277 180 127 123 81 68 126 80 82 131 ns 96 

CS4 8 256 124 149 126 121 67 86 106 82 119 ns 106 

CS4 9 214 115 - 103 79 - 85 95 - 101 133 -
CS4 10 189 133 - 96 91 - 109 101 - 111 124 -

-·· --
CSS c-o/a-a 11 163 201 108 113 86 64 120 80 80 115 ns 102 

CSS 12 211 176 103 83 98 64 85 113 91 113 ns 105 

CSS 13 293 1~3 - 123 89 - 98 99 - 95 114 -
CS6 14 266 208 153 143 101 85 154 86 89 135 883 116 
pasture 

1 Sa~pling done in the 7th year after the initiation of each treatment. 
2 Samples taken in the year prior to the treatment start year-1989: treatments 1, 3, 5, 7, 11, 14; 1990 trts 2, 6, 8, 12; 1991: trts 4, 9, 13; and 1992: trt 10 
3 3rd foot sampled in 2000, not ?'h year after start of rotation 
ns = no samples taken for 24-36". 
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Appendix Vb. WICST Potassium Soil DepthTest Results 0-6", 6-12", 12-24", 24-36") Lakeland Ag. Complex 1 

0-6" 6-12" 12-24" 24-36" 

System Trt. 
Initial 7th 12th Initial ih 12th Initial 7th 12th Initial 7th 

121h year 
Year year year Year year year year year year Year year 

N 
N 
0 

CS1 c-c-c 

CS2 c-sb-c 

CS2 

CS3 c-sb-w 

CS3 

CS3 

CS4 c-a-a-a 

CS4 

CS4 

CS4 

CS5 c-o/a-a 

CS5 

CS5 

CS6 
pasture 

1 

2 

3 

4 

5 

6 

7 

84 

9 

10 

11 

12 

13 

14 

196 191 

193 203 

178 132 

183 142 

195 155 

153 177 

216 163 

179 173 

149 181 

181 124 

163 200 

213 140 

171 189 

181 240 

144 134 105 

107 125 128 

93 118 86 

- 98 121 

92 131 101 

77 100 106 

109 148 88 

- 93 110 

113 85 120 

- 135 88 

106 113 101 

- 106 86 

- 118 184 

142 118 121 
1 Sa~pling done in th.~ 7ih year after the initiation of each treatment. 

ppm 

113 126 114 127 124 ns 129 

67 119 141 95 129 ns 70 

105 126 103 125 115 ns 102 

- 104 68 - 91 85 -
117 131 104 119 120 ns 115 

41 108 105 51 111 ns 41 

98 1436 95 125 128 ns 121 

- 103 109 - 103 ns -
49 96 195 60 91 74 65 

- 124 108 - 133 ns -
100 120 106 119 115 ns 114 

- 108 104 - 104 ns -
- 158 81 - 119 104 -
114 120 120 123 114 ns 127 

2 Samples taken in the year prior to the treatment start year-1989: treatments 1, 3, 5, 7, 11, 14; 1990 trts 2, 6, 8, 12; 1991: trts 4, 9, 13; and 1992: trt 10 
3 3rd foot sampled in 2000, not 7th year after start ofrotation 
4 as of 1999, due to changes in rotations CS4 and CS5, trt 8 no longer exists. 
ns = no samples taken for 24-36". 
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Appendix Via. WI CST Corn and Soybean Populations, 1992 - 2002. 

A. Arlington Agricultural Research Station 
Year 1992 1993 1994 ~ 1996 1997 1998 1999 2000 2001 2002 

!/Corn 
CS1 27,750 30,850 26,950 29,250 30,100 30,150 28,000 29,400 30,500 30,850 28,350 
CS2 28,650 30,800 27,300 30,200 30,000 31,850 27,417 28,550 29,413 32,650 27,050 
CS3 24,700 20,800 28,050 28,100 26,950 30,900 26,083 26,050 22,800 27,850 28,700 

Chemlite - - - - - - - 25,500 23,100 29,600 31,400 
CS4 - - - - - 32,300 26,000 27,850 30,300 30,100 29,000 29,775 28,700 30,950 28,700 
CS5 - - - - - 27,500 28,000 28,300 26,950 34,000 28,083 28,100 25,350 29,900 26,650 --ic··----------·-- ·--- .... .. . ....... ~----- . ... . ---- ....... -- --

Soybean 
~ CS2 118,547 179,823 187,488 153,406 170,625 270,531 249,897 178,825 238,244 177,569 172,637 
~ CS3 70,350 135,250 151,091 199,542· 105,583 141,200 n.a. 64,300 54,479 152,136 65,713 
~ Chemlite - - - - - - - 82,400 64,643 158,148 65,714 
] Plant counts taken after cultivation or before harvest. n.a. = unable to get stand count .-

u 11Com 21Soybean N 
~ N 

t""" CS!, CS2, CS4 CS3, CS5 CS2 CS3 
-5 °' 1992 32,100 seeds/a 32,100 seeds/a 235,000 seeds/a 156,000 seeds/a 
~ 1993 32,500 seeds/a 32,500 seeds/a 235,000 seeds/a 156,000 seeds/a 

U 1994 31,500 seeds/a 34,000 seeds/a 235,000 seeds/a 175,000 seeds/a ...... 
~ 1995 31,500 seeds/a 34,000 seeds/a 235,000 seeds/a 200,000 seeds/a 

1996 31,500 seeds/a 34,000 seeds/a 235,000 seeds/a 175,000 seeds/a 

1997 CS 1 - 30,150 seeds/a 34 000 seeds/a 250,000 seeds/a 190 000 seeds/a 
CS2 - 31,500 seeds/a ' (rep 4 double planted) ' 

1998 32,000 seeds/a 34,500 seeds/a 250,000 seeds/a 190,000 seeds/a 

1999 32,000 seeds/a 34,500 seeds/a 250,000 seeds/a 190,000 seeds/a 

2000 32,000 seeds/a 34,500 seeds/a 250,000 seeds/a 190,000 seeds/a 

2001 32,000 seeds 32,000 seeds/a 250,000 seeds/a 190,000 seeds/a 

2002 32,000 seeds 34,500 seeds/a 250,000 seeds/a 190,000 seeds/a 



Appendix Vlb. WI CST Corn and Soybean Populations, 1992 - 2000. 

B. Lakeland Agricultural Com~lex 
Year 1992 1993 1994 1995 1996 1997 1998 1999 2000 

1/Corn 
CSI 29,050 30,150 28,200 28,200 27,600 26,333 32,000 28,417 24,750 
CS2 24,500 29,900 27,900 28,900 26,350 28,750 31,000 28,333 16,833 
CS3 24,250 21,100 30,350 28,200 26,850 24,250 25,000 27,667 18,500 
CS4 - - - - - 31,250 30,050 29,250 26,400 29,000 28,000 26,417 26,000 
CS5 - - - - - 21,400 30,850 28,850 25,850 25,750 28,000 28,333 19,333 

---i7Soybean 

t: CS2 97,000 139,228 143,278 176,879 236,209 298,501 145,353 63,250 119,229 
0 CS3 122,952 86,950 113,050 118,500 80,458 n.a. 167,500 133,584 140,360 

! CS15 - - - - - - - 105,512 131,164 - Plant counts taken after cultivation or before harvest; n.a.= unable to get stand counts; no data collected in 2001 or 2002. t"1 
(.) 

] 11Com usoybean N (.) 
Q) CSI, CS2, CS4 (CS14) CS3, CSS (CS15) CS2 CS3, CSIS 

N 
f--< N 

-5 1992 32,000 seeds/a 32,000 seeds/a 196,000 seeds/a 156,000 seeds/a 

°' 1993 32,000 seeds/a 32,000 seeds/a 199,500 seeds/a 156,000 seeds/a 
f--< 
r/.l 1994 32,000 seeds/a 35,000 seeds/a 230,000 seeds/a 175,000 seeds/a 
u 1995 31,200 seeds/a 33,800 seeds/a' 230,000 seeds/a 151,000 seeds/a 

~ 1996 31,500 seeds/a 34,000 seeds/a 235,000 seeds/a 175,000 seeds/a 

1997 32,000 seeds/a 34,000 seeds/a 250,000 seeds/a 225,000 seeds/a 

1998 32,000 seeds/a 34,000 seeds/a 230,000 seeds/a 225,000 seeds/a 

1999 CS I, CS2 - 32,000 seeds/a 34,500 seeds/a 230,000 seeds/a 225,000 seeds/a 
CS4 - 34,500 seeds/a 

2000 31,000 seeds/a 33,900 seeds/a 250,000 seeds/a 225,000 seeds/a 
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Appendix VIia. WICST Fall Legume Nitrogen from Crop Preceding Corn Phase (1991-
2002). 

A. Arlington Agricultural Research Station 
Year Crop System Crop Foliage Roots Total 

DM N DM N N 
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 
1993U 4 Alfalfa 1866 2.91 1233 3.36 94 
1993U 5 Alfalfa 1613 4.05 1443 2.18 97 

1994'1! 3 · Hairy Vetch 4325 3.29 134 3.24 146 
1994U 4 Alfalfa 2242 1.75 1233 1.67 60 
1994 5 Alfalfa 500 3.41 2327 2.04 64 

1995 3 Red Clover 2460 2.89 947 3.09 100 
1995 4 Alfalfa 163 3.18 1235 2.51 36 
1995 5 Alfalfa 308 3.59 2345 2.32 66 

1996 31 3 Red Clover 3213 3.01 1836 2.75 147 

1997~ 3 Hairy Vetch 1343 4.66 767 2.75 84 

1998 .Y 3 Red Clover 3229 2.36 1229 2.75 109 
1998 ~ 4 Alfalfa 1283 3.83 2582 2.75 107 
1998~ 5 Alfalfa 1635 3.50 2328 2.75 121 

1999 3 Red Clover 5354 4.00 2253 2.27 265 
1999 4 Alfalfa 889 3.05 3026 2.16 92 
1999 5 Alfalfa 1104 3.44 3069 2.34 109 

2000 3 Red Clover 5974 2.53 1414 2.53 188 
2000 4 Alfalfa 1180 4.47 2774 1.90 106 
2000 5 Alfalfa 1260 3.98 2780 1.89 103 

2001 3 Red Clover 6521 2.07 1756 2.70 181 
2001 4 Alfalfa 326 2.58 3730 2.47 100 
2001 5 Alfalfa 681 2.54 3216 2.46 156 

20026{ 3 Red Clover 3987 2.07 1756 2.70 123 
20026£ 4 Alfalfa 425 3.06 574 2.33 29 
20026{ 5 Alfalfa 0 0 574 2.33 13 

!I Spring seeded with red clover in 1993 because of severe winterkill to alfalfa. 
Y · 1994 - CS3 - Hairy vetch planted after wheat harvest because of thin stand of red clover. 
31 Frozen soil prevented root harvest. Previous data was used to estimate root biomass using 1. 7 5 herbage:root ratio; Root N also estimated 
41 Root biomass estimated with 1.75 herbage:root ratio. Root N also estimated 
51 Root nitrogen estimated. 
61 Roots not harvested so herbage:root ratio of2.27 was used for red clover, 0.74 was used for alfalfa, based on trial average. Root N value for 

red clover and alfalfa based on trial average. System 5 alfalfa was harvested on 10/16/02 so there was no foliage to sample. 
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Appendix Vllb. WICST Fall Legume Nitrogen from Crop Preceding Corn Phase (1991-
2000). 

B. Lakeland Agricultural Com~lex 
Year Rotation Crop Foliage Roots Total 

DM N DM N N 
lb/a % lb/a % lb/a 

1991JL 3 Red Clover 669 3.12 916 2.63 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 
1993y 4 Alfalfa 2043 3.46 1251 2.74 104 
1993y 5 Alfalfa 2127 3.18 .1222 2.72 101 

1994 3 Red Clover 1240 3.03 1182 2.52 67 
199411 4 Alfalfa 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 Alfalfa 423 3.64 1884 2.49 62 
1995 5 Alfalfa 896 3.36 1527 2.71 71 

199631 3 Red Clover 1501 2.91 858 2.75 67 

1997 No data 

1998 No data 

1999 3 Red Clover 4131 2.25 2874 2.43 161 
1999 4 Alfalfa 892 3.23 2536 2.06 82 
1999 5 Alfalfa 1351 2.68 2243 2.35 89 

2000 3 Red Clover 4527 1.90 659 2.38 114 
2000 14 Alfalfa 1044 3.60 1915 1.82 101 
2000 15 Alfalfa 710 3.38 1099 2.01 65 
11 Root N was not analyzed, used same % root N as at Arlington. 
Y alfalfa plots spring-seeded with red clover in 1993 because of severe winterkill to alfalfa. 
31 Frozen soil prevented root harvest in 1996. Previous data was used to estimate root biomass using 1.75 herbage:root ratio and root nitrogen. 
*no data collected in 2001 or 2002 

224 



Appendix VIiia. WICST Nit~ogen Additions as Purchased Fertilizers and Cattle Manure
1 

(1991-2002). 

System I CROP 
ARLINGON AG. RESEARCH STATION 

-------------------------------lb NI A--------------------------------

Yr 92 93 94 95 96 97 98 99 00 01 02 92 93 94 95 96 97 98 99 00 01 02 

CSl C C C C C C C C C C C 141 166 124 106 99 126 151 86 249 105 135 
,----·-·----

CS2 Sb C Sb C Sb C Sb C Sb C Sb 0 126 0 126 0 126 0 80 0 125 0 

CS2 C Sb C Sb C Sb C Sb C Sb. C 126 0 126 0 126 0 126 0 209 0 85 
"--·-----·-·--·-----

CS3 C Sb W/Rc C Sb W/Rc C Sb W/Rc C Sb 0 0 0 0 0 0 0 0 0 0 0 

t: 
CS3 W/Rc C Sb W/Rc C Sb W/Rc C Sb W/Rc C 0 0 0 0 0 0 0 0 0 0 0 

! CS3 Sb W/Rc C Sb W/Rc C Sb W/Rc C 
Sb W/Rc ·I--.'.:_-· O 

0 0 0 0 0 0 0 0 0 
------'"'-"'""""--•-·""'""-"'"-·"-.. -·-· .. -"-"-"'"-'-"" --------" - CS4 A C A A A C A A A C A O 203 179 0 0 191 205 0 0 269 192 t,;j 

(.) .... 
-8 CS4 A A C A A A C A A A 

:1 

0 0 185 211 0 0 211 222 0 0 197 V") 

N 
0 N 

t"""' CS4 A A A C A A A C A A 215 0 0 217 196 0 0 228 232 0 0 
,fj 
0\ 

t"""' CS4 f A A A C A A A C 
r:r., 

A Al 197 0 0 202 185 0 0 241 264 0 
u ------·-------·-.. ----·--·-..... CS5 C 0/a A C 0/a A C 0/a A C 

0:1 

161 148 0 158 147 0 154 166 0 198 144 
~ 

CS5 A C 0/a A C 0/a A C 0/a A 0 148 134 0 147 139 0 166 173 0 144 

CS5 0/a A C 0/a A C 0/a A C 0/a A 161 0 134 158 0 139 154 0 173 198 0 ____ .. _____ ,, ____ ,,.,_ .. , ____ .. ,, .... , ... _ .... ,...., ____ ... ,, ... _____ ---------·" 
CS62 p p p p p p p p p p p 107 82 68 44 97 llO 132 94 104 143 189 

* f Filler com; C Com; Sb Soybean; W/Rc Winter wheat followed by frost-seeded red clover; A Alfalfa; 0/a Alfalfa w/oats nurse crop; P Pasture. 

-
1 Manured prior to com planting and legume establishment in the harvested forage systems (20 t/a in CS4, 15 t/a in CS5). Nitrogen from green manure (alfalfa sod, red clover) 

plowdown is not included. 
2 Calculation ofN input on pasture based on estimated forage intake, N% of plants, 75% N excretion rate for stocking density and# of grazing days in season. Nitrogen from IO 

t/a manure application ( 1990 - 1992). 



t 
0 

! 
7d u 
] 
u 
II). 

r--< 
.s 
°' r--< 
Cl) 

u -~ 

r -- - - - -- -- , 

System I CROP 
LAKELAND AG. COMPLEX 

-----------------------------lb N/a-----------------------------------

YR 91 92 93 94 95 96 97 98 99 00 01 02 91 92 93 94 95 96 97 98 99 00 01 022 

CS1 C C C C C C C C C C C C 104 142 157 76 108 116 74 149 124 169 164 168 

CS2 C Sb C Sb C Sb C Sb C Sb C Sb 109 0 123 0 128 0 129 0 138 0 125 0 

CS2 Sb C Sb C Sb C Sb C Sb C Sb C 0 124 0 lll 0 126 0 103 0 143 0 128 

CS3 
W/R 

C Sb W/Rc C Sb W/Rc C Sb W/Rc C Sb 0 0 0 0 0 0 0 0 0 0 0 0 
C 

CS3 Sb W/Rc C Sb W/Rc C Sb W/Rc C Sb WRc C 0 0 0 0 0 0 0 0 0 0 0 0 

CS3 C Sb W/Rc C Sb W/Rc C Sb W/Rc C Sb W/Rc --- 0 0 0 0 0 0 0 0 0 0 0 

CS4 A A C A A A C A A A C A 0 0 266 275 0 0 235 6972 0 0 251 236 

CS4 A A A C A A A C 0/P/F A** C** Sb** 255 0 0 259 211 0 0 7062 298 0 304 304 •• 

CS4 I A A A C A A A C A A C --- 255 0 0 269 266 0 0 298 297 0 228 

CS4 I I A A A C A A A C A A --- --- 259 0 0 272 226 0 0 297 228 0 

CS5 A C 0/a A C 0/a A C Sb 0/P/F A C 0 192 201 0 194 199 0 5232 224 223 0 306 

CS5 0/a A C 0/a A C 0/a A C Sb 0/P/F A 191 0 201 207 0 199 170 0 224 .o 306 306 

CS5 I 0/a A C 0/a A C 0/a A C Sb 0/P/F --- 192 0 207 194 0 170 5232 0 223 306 0 
"' 

CS63 p p p p p p p p p p p p 127 99 117 112 94 44 0 543 70 48 185 170 
"" ___ ·"--• f Filler com; C Com; Sb Soybean; W/Rc Winter wheat followed by frost-seeded Red Clover; A Alfalfa; 0/a Alfalfa w/oats nurse crop; P Pasture. 0/P/F. oat, pea, forage mix. •• In 1999, system 4 

was transitioned into system 14 (c-a-a) and system 5 was transitioned into system 15 (c-sb-o/p/f-a). 
No manure sampled for 2002 so using 200 I data 

1 Manured prior to com planting and legume establishment in the harvested forage systems (20 t/a in CS4, 15 t/a in CS5). Nitrogen from green manure (alfalfa sod, red clover) plowdown is not included. 
2No samples collected for 2002 a-edit so using 2001 values 
3 Manure samples for I.AC were very high in % dry matter in 1998 iod thus a higher N concentration was put on the plots. 
• Calculation of N input on pasture based on estimated forage intake, N% of plants, 75% N excretion rate for stocking density and# of grazing days in season. Nitrogen from 10 t/a manure application 

(1990 - 1992). 
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Appendix IXa. Fall Nitrates in the top 3-ft of soil at the Arlington Ag. Research Station in 1991-2002. 

ARLINGTON AG. RESEARCH STATION 

Columbia County Year: 91 92 93 94 95 96 97 98 99 00 01 02 

------------------------------------------I b N 0 3• - N/3-ft-a------------------------------------

Corn: CSl Cont. Corn 48 97 102 154 179 164 115 148 87 

CS2 After Soybeans 41 105 105 166 141 170 128 100 77 

CS3 After Red Clover I 67 83 100 145 45 129 112 83 

CS4 After 3 yrs. Alf -- - - 142 164 184 94 229 121 153 

CS5 After 2 yrs. Alf - - 101 118 150 202 82 180 145 173 

Soybean: CS2 Narrow-row 42 74 100 71 145 73 143 100 94 

CS3 Wide-row 25 66 89 83 140 76 127 98 71 

Wheat: CS3 Wheat / Red Clover 26 48 65 48 85 38 90 76 51 

Alfalfa: CS4 Dir-seed Alfalfa 32 61 80 77 117 59 114 100 75 

CS4 Alfalfa Hay I 27 49 55 46 117 62 112 111 74 

CS4 Alfalfa Hay II 60 69 46 105 61 141 92 69 

CS5 Alfalfa with Oats - - -- 103 67 101 65 97 81 62 

CS5 Alfalfa Hay -- -- 84 67 107 51 116 72 63 

Pasture: CS6 Rotational Grazing -- -- 91 58 98 90 100 88 62 

Check2
: 26 28 - 72 108 31 209 158 50 

staggered start - soil nitrates not tested until after first season in the rotation. 
2 prairie plots established in 1999 which were then used as the check. Previous years, the check came from the North 
fenceline which was adjacent to a neighboring field which received hog manure. 

Estimation equations for 3rd foot nitrate levels: 
1993 - 3ft samples taken for CSl, CS2, CS4 com, CS3 soybean, CS5 oats/alfalfa, CS6 pasture; 

2ft samples taken for remaining treatments; 3rd foot estimated using regression of 1990-1993 data 
using the following formulas: ARS Y= 2.81 + 0. 754*2d ft n =103 r2 = 0. 70 

1994, 1995, 1996 - 3ft samples taken for reps I & 4, 2ft for reps 2 & 3. Third foot estimated using regressions 
of data from reps 1 & 4 using the following formulas: 

1994 ARS Y= 6.72 + 0.383*2d ft n=28 r2 = 0.63 
1995 ARS Y= 9.67 + 0.593*2d ft n=28 r2 = 0.62 
l996 ARS Y= 3.32 + 0.153*2d ft n =24 r2 = 0.60 

1997 - Used the following regression equation for third foot samples. 1 

1997 ARS Y= 9.07 + 0.709*2d ft n = 1943 r2 = 0.71 

1998 on - 3rd foot samples collected for all plots. 

Source: Ehrhardt, P.D. and L.G. Bundy. 1995. Predicting Nitrate-Nin the two- to three-foot soil depth from nitrate measurements on 
shallower samples. J. Prod. Agric. Vol. 8, no. 3. 
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Appendix IXb. Fall Nitrates in the top 3-ft of soil at the Lakeland Agricultural Complex: 1991-2002. 

LAKELAND AG. COMPLEX 

.Year: 91 92 93 94 95 96 97 98 99 00 01 02 

Walworth Co. ---------------------------------------------1 b N 0 3 --N/3-ft-a--------------------------------------

Corn: est Cont. Corn 132 86 134 126 135 160 146 83 116 

CS2 After Soybeans 125 78 57 80 146 80 107 73 92 

CS3 After Red Clover I 62 59 117 130 71 130 87 109 

CS4 After 3 yrs. Alfalfa 122 207 209 130 209 137 131 

CS5 After 2-yrs Alfalfa 81 79 178 160 102 218 109 144 

Soybean: CS2 Narrow-row 76 86 98 69 120 68 167 103 109 

CS3 Wide-row (3 phase) 34 63 69 97 125 70 137 75 101 

CS15 Wide-row (4 phase) - - - - 128 

Wheat: CS3 Wheat / Red Clover 49 45 56 61 100 46 106 90 86 

Alfalfa: CS4 Dir-seed Alfalfa 67 41 78 97 118 134 142 89 -
CS4 Alfalfa Hay I 71 54 71 86 122 76 140 103 95 

CS4 Alfalfa Hay II - - 63 59 93 128 75 152 87 96 

CS5 Alfalfa with Oats - - 53 75 131 63 141 85 

CS5 Alfalfa Hay - - -- 78 79 143 76 108 83 97 

CS15 Oat/pea/forage mix - - - - - 112 

Pasture: CS6 Rotational Grazing -- -- 66 111 125 103 218 146 99 

Check: 35 29 - 78 79 40 - 72 41 

staggered start - soil nitrates not tested until after first season in the rotation. 

Estimation equations for 3rd foot nitrate levels: 
1993 - 3ft samples taken for CS1, CS2, CS4 com, CS3 soybean, CS5 oats/alfalfa, CS6 pasture; 

2ft samples taken for remaining treatments; 3rd foot estimated using regression of 1990-1993 data 
using the following formulas: LAC Y= 0.066 + 0.830*2d ft n =106 r2 = 0.77 

1994, 1995,1996 - 3ft samples taken for reps 1 & 4, 2ft for reps 2 & 3. Third foot estimated using regressions 
of data from reps l & 4 using the following formulas: 

1994 LAC Y= 6.08 + 0.378*2d ft n =28 r2 = 0.71 
1995 LAC Y= 8.49 + 0.635*2d ft n =28 r2 = 0.72 
1996 LAC Y= 2.93 + 0.467*2d ft n =28 r2 = 0.61 

1997-99 - Used the following regression equation for third foot samples. 1 

1997-1999 LAC Y= 9.07 + 0.709*2d ft n = 1943 r2 = 0.71 

2000 and on - 3rd foot samples collected for all plots. 

Source: Ehrhardt, P.O. and L.G. Bundy. 1995. Predicting Nitrate-Nin the two- to three-foot soil depth from nitrate measurements on 
shallower samples. J. Prod. Agric. Vol. 8, no. 3. 
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Appendix Xa. Fall soil nitrate-N levels at Arlington Ag. Research Station (0-3 '). 
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Appendix Xb. Fall soil nitrate-N levels at Lakeland Ag. Complex (0-3 '). 
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APPENDIX XI. Potentially leachable fall nitrate in the O - 2 foot soil depth at ARS and LAC (1993 - 2002) with contrasts. 

Environment: Envl Env2 Env3 Env4 Env5 Env6 Env7 Env8 Env9 
Env Env Env Env Env Env Env Env Env Env Env 

10 11 12 13 141 15 16 17 18 19 20 
Location: L93 A93 A94 L94 L95 A95 A96 L96 A97 L97 A98 L98 A99 L99 AOO LOO AOl LOI A02 L02 Av'(,_2 

Phase -------------------------------------------------------------lb N03 --'N/2:ft-acre-------------------------------------------------------------------------------------------------------------
CSl.C 115.6 80.9 132.5 105.5 97.0 137.2 73.9 142.7 88.9 115.2 118.7 60.8 67.1 63.3 98.1 80.4 63.1 42.3 97.7 91.l 93.6 

CS2.Sb 72.8 85.5 65.5 82.5 90.9 109.1 61.1 56.5 111.0 126.9 75.8 75.6 71.9 57.1 67.9 58.3 81.6 53.2 60.3 59.7 76.2 
CS2.C 50.1 94.3 141.0 66.5 105.3 105.0 159.1 70.7 98.9 78.2 74.2 52.3 61.1 44.8 81.8 73.2 50.l 34.2 47.1 48.5 76.8 

CS3. Sb/w 77.3 74.5 57.5 56.5 94.7 108.3 64.6 60.2 99.2 102.9 74.9 53.8 53.3 52.0 54.9 63.0 43.2 33.6 53.9 52.6 66.5 
CS3. Wht 47.0 52.7 39.0 52.0 76.4 66.4 32.2 39.2 68.1 79.3 56.1 67.0 38.3 40.3 48.6 53.8 46.7 32.9 35.1 50.6 51.5 

CS3.C 49.8 71.2 86.0 101.5 100.4 114.2 40.2 62.8 100.2 99.8 88.2 63.9 68.2 58.4 52.9 114.0 55.9 41.5 41.2 63.9 73.7 
CS4. Alf 66.9 67.3 64.5 85.0 91.2 91.3 51.8 117.5 88.1 110.7 78.5 66.4 56.6 62.6 55.5 48.8 81.3 54.5 86.6 77.2 75.l 

CS4. Alfi 55.3 45.4 35.5 74.0 96.3 92.6 54.2 67.8 86.7 105.8 86.5 78.2 56.3 48.4 53.2 - 73.5 43.9 59.5 72.8 67.7 
CS4.Alt2 49.8 58.3 38.5 78.2 100.8 83.1 54.3 67.5 110.9 115.4 70.2 66.8 50.9 49.5 82.0. 52.6 72.5 - 72.6 70.8 

CS4.C 106.1 121.7 137.2 182.5 155.9 146.9 85.9 114.7 185.9 171.0 97.0 104.0 121.1 75.7 144.9 106.2 128.4 80.9 121.8 84.3 123.6 
CSS. 0/a 44.4 93.5 54.5 68.0 105.6 76.8 60.4 55.5 75.1 109.2 63.4 66.3 46.4 74.3 53.4 66.6 58.3 34.2 69.4 69.2 67.2 

css. Alfi 69.9 71.4 55.5 68.0 112.8 84.5 45.l 67.5 89.3 79.l 54.6 63.6 47.0 49.9 59.7 57.4 63.2 38.5 53.4 67.9 64.9 
css.c 67.7 99.0 126.5 155.0 124.4 156.l 73.2 87.5 143.8 170.4 119.0 85.3 139.6 84.8 100.2 127.4 125.6 107.9 94.9 103.8 114.6 

CS6. Past. 54.2 79.7 48.7 97.7 100.7 76.2/ 82.9 93.9 76.0 - 72.7 74.l 47.7 52.7 50.9 62.6 45.6 43.6 46.9 88.0 68.l 
System 

CSI 115.6 80.9 132.5 105.5 97.0 137.2 73.9 142.7 88.9 115.2 118.7 60.8 67.l 63.3 98.l 80.4 63.1 42.3 97.7 91.l 93.6 
CS2 61.4 89.9 103.2 · 74.5 98.1 107.0 110.1 63.6 105.0 102.6 75.0 64.0 66.5 51.0 74.9 67.8 65.9 43.7 53.7 54.l 76.6 
CS3 58.0 66.1 60.8 70.0 90.5 96.3 45.7 54.l 89.2 94.0 73.l 61.6 53.3 50.2 52.l 76.9 48.6 36.0 43.4 55.7 63.8 
CS4 69.5 73.2 68.9 104.9 111.0 103.5 61.5 91.9 117.9 125.7 83.1 78.9 71.2 59.1 83.9 69.2 88.9 59.8 85.l 78.l 84.3 
CS5 60.7 88.0 78.8 99.6 114.3 108.4. 60.9 70.2 102.7 119.6 79.0 71.7 77.7 69.7 71.1 81.93 82.4 61.53 72.6 83.43 82.7 
CS6 54.2 79.7 48.7 97.7 100.7 76.2 82.9 93.9 76.0 - 72.7 74.1 47.7 52.7 50.9 62.6 45.6 43.6 46.9 88.0 68.1 

----------------- .--------------------------------------------------------------- Pvalue--------------------··-------------------------------------------------------------------------------------------------------
Gm v Forage 0.44 0.54 0.00 0.00 0.00 0.21 0.21 0.08 0.04 0.00 0.84 0.01 0.02 0.01 0.05 0.82 0.00 0.00 0.00 0.02 0.01 

cc v other c 0.00 0.60 0.00 O.o3 0.74 0.00 0.85 0.00 0.58 0.27 0.00 0.82 0.35 0.05 0.00 0.33 0.32 0.69 0.00 0.05 0.00 
CS2vCS3 0.73 0.01 0.00 0.72 0.39 0.17 0.00 0.40 0.11 0.52 0.83 0.70 0.09 0.89 0.00 0.11 0.01 0.26 0.19 0.92 0.00 

Pst v other Frg 0.33 0.98 0.00 0.74 0.26 0.00 0.10 0.39 0.00 0.00 0.42 0.82 0.01 0.09 0.00 0.09 0.00 0.01 0.00 0.35 0.74 
CS4vCS5 0.30 0.04 0.09 0.65 0.66 0.73 0.78 0.03 O.Q7 0.58 0.59 0.18 0.31 0.02 0.02 O.Q3 0.22 0.58 0.05 0.90 0.63 

Cv Sb in CS2 0.15 0.50 0.00 0.42 0.30 0.73 0.00 0.42 0.43 0.02 0.91 0.02 0.36 0.15 0.17 0.16 0.00 0.08 0.27 0.62 0.57 
C v oth inCS3 0.36 0.50 0.00 0.01 0.21 0.01 0.59 0:39 0.21 0.63 0.07 0.68 0.03 0.10 0.90 0.00 0.20 0.37 0.75 0.53 0.02 
bvWht, CS3 0.06 0.10 0.09 0.82 0.19 0.00 0.07 0.23 0.05 0.26 0.19 0.18 0.21 0.17 0.53 0.39 .072 0.95 0.12 0.93 0.01 
C v alf (CS4) 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.04 0.00 0.01 0.11 0.00 0.00 0.00 0.00 0.01 0.00 0.01 0.00 0.71 0.00 

Os v Est (CS4) 0.29 0.17 0.01 0.60 0.54 0.74 0.87 0.00 0.42 0.99 0.99 0.47 0.77 - 0.17 0.72 0.33 0.02 0.05 0.76 0.22 
Al v A2 (CS4) 0.72 0.32 0.78 0.83 0.74 0.43 0.99 0.99 0.12 0.64 0.25 0.24 0.65 0.90 0.01 0.92 0.28 0.91 
Cv otherCSS 0.08 0.46 0.00 0.07 0.28 0.00 0.97 0.15 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.01 0.00 0.01 0.00 0.40 0.00 
0/a v alfCS5 0.11 0.09 0.93 0.68 0.60 0.54 0.45 0.49 0.35 0.15 0.53 0.78 0.96 - 0.54 0.62 0.01 0.18 0.30 0.77 

CS1 v rest 0.00 0.76 0.00 0.30 0.47 0.00 0.56 0.00 0.23 0.89 0.00 0.18 0.90 0.37 0.00 0.40 0.26 0.26 0.00 0.25 0.00 
Pv non CC 0.44 0.85 0.01 0.59 0.70 0.00 0.17 0.10 0.01 0.00 0.60 0.59 0.03 0.38 0.01 0.12 0.00 0.08 0.03 0.81 0.58 

Csh v fg (nocc) 0.33 0.47 0.30 0.01 0.00 0.44 0.14 0.00 0.02 0.00 0.20 0.00 0.00 0.05 0.02 0.36 0.00 0.00 0.00 0.01 0.00 
C(csh) v c(for) 0.78 0.02 0.52 0.00 0.00 0.01 0.00 0.65 0.00 0.00 0.25 0.00 0.00 0.00 0.00 0.02 0.00 0.52 0.00 0.39 0.00 
Seed v est (alt) 0.79 0.01 0.02 0.58 0.58 0.73 0.70 0.10 0.16 0.46 0.95 0.61 0.99 0.11 - 0.99 0.00 0.04 0.34 0.33 

1 Treatment changes imposed this year:CS4 converted to CS14 (c-a-a) and CS5 converted to CS15 (c-sb-o/p/f-a). 
2 Contrast average only from 1993-1999 due to difficulties in data analysis in 2000 with system changes at LAC. 
3 Soybean phase of system in 1999, 2000, 2001, and 2002 was 74.4, 76.0, 65.4, and 92.8 lb N03-N/2 ft-A, respectively. 
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AEEendix XII. Nitrate+ Nitrite-N Concentration in the Groundwater at the Lakeland Ag. ComElex: 1991-20021
• 

Field 
Trt# 12/10/91 12/09/92 11/23/93 11/23/94 04/23/96 04/09/97 11/13/97 11/16/98 4/24/01 11/28/01 11/25/02 

ID# 
----------------------------------------------------------pp M-----------------------------------------------------------------------

101 1 41.5 39.7 29.2 21.3 39.0 27.3 21.8 20.6 22.2 6.2 7.5 
210 1 48.5 44.2 42.0 27.1 21.2 22.1 16.8 16.5 14.7 13.2 9.1 
303 1 21.3 36.4 28.5 18.0 23.5 21.6 20.9 20.8 15.6 10.5 11.4 

Mean 37.1 40.3 33.2 22.1 27.9 23.6 19.8 19.3 17.5 10.0 9.3 
cs 1 c-c-c C C C C C C C C C C C 

108 2 60.5· 47.8 45.6 49.8 15.5 12.3 12.7 10.3 7.2 8.0 11.0 
203 2 14.0 20.0 18.7 19.l 13.2 8.9 9.9 6.7 7.0 7.6 8.2 
304 2 20.l 20.1 16.4 14.8 14.0 8.5 10.5 7.2 7.6 9.5 10.3 

Mean 31.5 29.3 26.9 27.9 14.2 9.9 11.0 8.1 7.3 8.4 9.8 
CS2 sb-c Sb C Sb C Sb C Sb C Sb C Sb 

111 6 43.8 18.4 14.5 -- - 8.3 16.6 11.5 13.l 11.6 13.9 14.4 
208 6 28.6 38.4 21.3 16.3 15.3 6.7 6.3 6.7 7.4 7.6 8.3 
306 6 42.3 23.8 23.1 19.1 10.6 9.7 7.2 6.5 9.6 6.8 11.5 

Mean 38.2 26.9 19.6 17.7 11.4 11.0 8.3 8.8 9.6 9.4 11.4 
cs 3 sb-w-c Sb Wire C Sb Wire C Sb Wire Sb Wire C 

102 8 15.1 4.8 2.9 10.3 6.9 7.6 11.6 12.l 5.7 6.0 5.3 
209 8 6.8 14.4 20.1 25.3 10.9 17.6 20.7 11.5 3.8 9.0 10.3 
305 8 10.3 5.7 9.0 14.3 9.1 11.0 15.9 16.2 4.3 8.6 11.3 

Mean 10.7 8.3 10.7 16.6 9.0 12.0 16.0 13.3 4.6 7.9 9.0 
cs 

A A A C A A A C A C Sb 
41152 a-a-a-c 

105 12 15.4 10.8 10.4 14.8 6.9 4.5 8.7 5.1 3.8 4.2 7.2 
207 12 49.7 38.7 26.1 28.1 12.3 10.7 13.2 8.6 7.4 8.2 8.0 
309 12 7.3 8.3 13.3 14.7 9.1 13.0 11.0 4.2 10.1 6.7 2.7 

Mean 24.1 19.3 16.6 19.2 9.4 9.4 11.0 6.0 7.1 6.4 6.0 
CS5 ola-a-c OIA A C OIA A C OIA A Sb OPF A 

104 14 21.3 21.4 18.4 21.l 10.7 10.7 8.7 7.7 1.2 2.0 6.8 
213 14 2.2 2.8 3.3 2.2 2.9 2.0 2.6 4.7 0.5 0.2 0.9 
314 14 63.2 30.0 16.1 --- 13.7 7.0 10.4 17.l 1.1 0.5 3.8 

Mean 28.9 18.1 12.6 11.7 9.1 6.5 7.2 9.8 0.9 0.9 3.9 

CS6 
Rot. 

* RG RG RG RG RG RG RG RG RG RG 
Grazin 

ls 3 31.l 2.1 2.3 2.8 0.9 Empty 0.1 - 0.6 0.1 Empty 
ls 4 Check 6.9 10.6 ND 4.2 6.8 Empty -- - - ND 0.01 Empty 

1 Wells were too low to be sampled in fall of 1999 or spring of2000 due to dry conditions. 
2 CS4 (c-a-a-a) rotation converted to CSl5 (c-sb-opf-a) in 1999. 
3 Check well # I - 13 feet deep 
4 Check well #2 - 28 feet deep 
ND = no detection 
* Red Clover/Grass in CS6 removed as hay I 991, grazed I 992 - 2002, except I 997 during pasture renovation 
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APPENDIX XIII. Energy Use and Output/Input Ratios for the Six WI CST Cropping 
Systems 1992-2002. 1 

Cropping Crops or number of Mean 1992 - 2002 
System Crop completed rotations Energy input/year OutpuUinput average 

ARS LAC ARS LAC 

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

1 Corn 13 2144 1876 8.93 6.51 

2 Soybean 7 555 592 14.6 13.3 
Com 6 2061 1815 9.7 8.6 

System average2 1308 1204 12.2 11.0 

3 Soybean/Wheat 5 591 573 12.5 11.0 
Wheat/Red Clover 4 847 778 12.4 11.7 

Com 4 1350 1014 13.3 12.7 
System average 929 788 12.7 11.8 

43 Direct Seeded Alfalfa 4 857 880 12.5 5.5 
Alfalfa I 3 457 354 40.8 39.5 
Alfalfa II 3 526 477 31.0 31.8 

Com4 3 670 771 31.3 21.3 
System average 628 621 28.9 24.5 

5 Oats/ Alfalfa 5 1002 1073 16.0 9.5 
Alfalfa I 4 443 367 44.8 41.1 

Com4 4 591 582 31.9 24.2 
Soybean3 1 - 337 - 20.5 

System average 679 590 30.9 23.8 

6 Rotational Grazing5 13 293 241 40.1 81.86 

1 See Appendix II in the 1992 Annual Report (pp. 118-121 for information on calculation of the energy values) or p. 81 in gth 

Technic.al Report for more thorough summary of energy use on WI CST. 
2 Averages calculated starting in 1992 for grain systems and pasture and 1993 for CS4 and CS5 forage systems. 
3 Treatment changes occurred at LAC in 1999: CS4 (c-dsa-al-a2) was replaced by CS 14 (c-dsa-al) and CS5 (c-oat/pea/alf-al) 
was replaced with CS 15 ( c-sb-oat/pea/forage-a 1 ). 
4 Energy for corn drying was not included in CS4 or CS5 since most dairy farmers feed animals high moisture corn. 
5 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 by grazing animals. 
6 Includes reseeding inputs in 1996 and 1997. 
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Appendix XIV. Weighted Relative feed values on WICST forage systems 1992-2002. 

A~:·· Arffogt91JA.grl9.t1ltur;:1Jf{esear9t.J.·9.!~tr@.·.· :' :::,·: :· ·<:, · ::·;;:::':;::··;··;::·: :;:·::;;"'.''::::· ;'''/:': ;::::·:·.\·:·,';::·:···.::·;.·::: :.:.::; ::· :. :• · '.. ·: '.'.-·:. ,. 

CS4 
Direct seed alfalfa 
Haylage I 
Haylage II 

CS5 
Ola-Oatlage 
Ola haylage 
Haylage I 

CS6 
Pasture 

1992 1993 1994 1995 1996 1997 1998 

184 152 160 
128 138 156 
134 141 143 

124 missing' 103 
143 missing' 149 
142 139 141 

128 134 125 

126 150 
147 126 
151 155 

116 103 
103 116. 
132 147 

101 143 · 

123 
152 
144 

116 
141 
143 

134 

140 
154 
164 

96 
111 
148 

137 

1999 

153 
128 
141 

95 
104 
141 

127 

2000 

141 
154 
162 

95 
125 
149 

101 

2001 

164 
155 
148 

115 
155 
147 

112 

] :ij;::µak~f~pd:fi;ggqµltµr~J:99mP.!~~ ,, •• ,·.,. :::,:\)?ii·::·.;:_.;.-. ::,:::::::'\'.''\Ff?:/''/'/('.",:w,,- .• ..... ::i.,.·•)}?tt .· .......... ·.··· ... · .. · / · · 
] -- , 1992 1993 . 1994 1995 1996 1997 1998 1999 2000 2001 

CS4 (..) 

~ 
-5 

°' E-< 
Cl) 

u -~ 

Direct seeded alfalf, 148 
Haylage I 164 
Haylage II 164 

CS5 
0/a-Oatl missing' 
Ola haylage missing' 
Haylage I 159 

CS6 

missingL 
136 
153 

95 
130 
133 

172 
162 
170 

90 ... 
171 
167 

159 
140 
155 

108 
missing" 

135 

missingL 
137 
131 

missing' 
94 · 

145 

159 
144 
152 

130 
114 
125 

137 
152 
138 

137 
101 
136 

na" 132 
142 na" 
139 142 

102 102 
123 104 
142 136 

Pasture 118 116 140 118 missing0 
_ missing0 na7 102 110 

missing data because oats harvested as grain not oatlage or haylage. 
L missing value because 3 of 4 plots chopped back on to field - only have data for one plot. 
"Treatment no longer exists due to system changes at LAC starting in 1999 . 
... Assume 90 RFV for economic analysis--forage harvested in mid-August, oats were mature, forage rained on. 
0 no second cut taken 
0 no data collected due to reestablishment 
' not available (grazing did occur this year) 

formula for weighted RFV = [(Y1*RFV1) + (Y2*RFV2) + (Y3*RFV3) + (Y4*RFV4)]l(Y1+Y2+Y3+Y4) 
* pasture is not weighted average 

98 
149 
na" 

121 
104 
137 

103 

2002 

165 
161 
183 

90 
183 
177 

131 

2002 

114 
165 
na" 

110 
102 
145 

102 

trial av.9. 

151 
145 
151 

105 
133 
146 

125 

trial avg_ 

140 
149 
149 

111 
116 
142 

114 

f") 
f") 
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Appendix XV. Total nutrient composition of manure applied to CS4 and CS5 on WICST 
plots at Arlington and Lakeland 1990-2002.1 

. 

il:'.~·~Arlin9ton)i.gHcu1tureRes~arc~.statlb11{fr:f·1;,>··. ·.·•D:.:G~1<~1~na.Ag?icOJt~raUS0mplex·~1)\~~:.:;11l 

Year OM% Total N P205 1<20 OM% Total N P205 1<20 
------------lbs/ton------------- ---------------lbs/ton---------------

1990 2 19.4 11.9 7.1 10.1 29.0 12.5 10.3 

1991 17.0 . 13.2 7.4 12.9 27.2 12.7 10.9 

1992 2 17.0 10.7 7.5 16.0 24.7 15.5 . 7.2 

1993 3 - - - - 27.3 13.5 10.4 

1994 12.1 8.9 4.5 11.3 26.4 13.8 9.2 

1995 15.6 10.6 5.8 10.4 35.2 13.0 13.0 

1996 4 15.3 9.8 7.2 9.8 21.5 12.8 5.1 

1997 11.7 9.2 3.6 8.8 34.3 11.3 9.3 

1998 14.3 10.3 3.T 9.9 36.8 34.9 7.9 

1999 16.8 11.1 3.8 7.1 44.9 14.9 6.7 

2000 13.2 11.6 3.1 6.8 47.4 14.8 13.2 

2001 11.8 13.2 4.8 11.4 24.1 15.2 12.0 

2002 14.6 9.6 3.2 6.0 not sampled this year 
1 Manure applied previous fall before tillage unless otherwise noted 
2 Manure applied prior to spring planting at ARS in 1990 and at LAC in 1990 and 1992. 
3 Missing or not sampled at ARS in 1993. The average value from 1992-1995 was used for the credit. 

4 Rep 4 at LAC received manure with composition of 20.4% OM, 14.0 N, 9.2 P205, and 13.1 1<20 
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Appendix XVI. List of Publications. 

1990 
Abstracts: 
POSNER, J.L., M.D. CASLER, K. McSWEENEY, and D.J. SAVORY. 1990. Conducting "real world" 

agronomic research on-station. Planning the Wisconsin Cropping Systems Trial. Invited paper at the 
American Society of Agronomy Annual Meetings. Oct. 21-26, San Antonio, TX. Abstracts p. 29. 

SAVORY, D.J., K. McSWEENEY, AND J.L. POSNER. 1990. The use of a Geographic Information 
System for mapping and analysis of agronomic data layers. American Society of Agronomy Annual 
Meetings. Oct. 21-26, San Antonio, TX. Abstracts p. 279. 

STUTE, J.K. and J.L. POSNER. 1990. Legume cover crops as an internal source of nitrogen in cash grain 
systems. American Society of Agronomy Annual Meetings. Oct. 21-26, San Antonio, TX. Abstracts 
p. 282. 

Proceedings: 
DOLL, J., R. DOERSCH, R. PROOST, and T. MULDER. 1990. Weed management with reduced 

herbicide use and reduced tillage. Proc. Of Conf. On "Progress in Wisconsin Sustainable 
Agriculture." Held at six locations in the state. 

DOLL, J., R. DOERSCH, W. PAULSON, and T. MULDER. 1990. Effectiveness of substituting 
cultivation for herbicides. Proceedings of the 1990 Fertilizer, Aglime and Pest Management 
Conference. Jan 16-18, 1990. Vol. 29:244-252. 

1991 
Abstracts: 
IRA GA VARAPU, 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 01, Denver, CO. Agronomy Abstracts p. 333. 

MULDER, T. and J. DOLL. 1991. Best management practices for corn weed control. American Society 
of Agronomy Meetings, Oct27-Nov 01, Denver, CO. Agronomy Abstracts p. 155. 

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. 

Proceedings: 
DOLL, J.' and T. MULDER. 1991. Reduced herbicide rates -The Wisconsin experience. Proc. Crop 

Protection and Production Conference. Iowa State University. Dec 03-04. Pp. 35-38. 

MULDER, T. and J. DOLL. 1991. Best management practices for corn weed control. NCWSS 
Proceedings. 46: 13. 
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Appendix XIII. List of Publications (cont'd) 

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. 

Thesis: 
STUTE, J.K. 1991. Integrating legume cover crops into cash grain production systems. M.Sc. Thesis. 

Agronomy Dept. University of Wisconsin-Madison. 

1992 
Abstracts: 
BALDOCK, J.0. and J.L. POSNER. 1992. Crop rotations option program: computer aid to evaluating 

alternative cropping systems. American Society of Agronomy meetings. Minneapolis, MN. Nov. 1-6. 
Agronomy Abstracts p. 78. 

GARL YND, M.J., A.V. KURAKOV, P.A. PORTER, and RF. HARRIS. 1992. Descriptive and analytical 
characterization of soil quality/health. American Society of Agronomy meetings. Minneapolis, MN. 
Nov. 1-6. Agronomy Abstracts p. 257. 

HARRIS, R.F. and D.F. BEZDICEK. 1992. Descriptive aspects of soil quality. Invited presentation in the 
· symposium on "Defining soil quality for a sustainable environment. American Society of Agronomy 

meetings. Minneapolis, MN. Nov. 1-6. Agronomy Abstracts. p. 258. 

HARRIS, R.F., M.J. GARLYND, P.A. PORTER, and A.V. KURAKOV. 1992. Farmer/Institution 
partnership in developing a soil quality/health report card. Participatory On-Farm Research and 
Education for Agricultural Sustainability. University of Illinois, Urbana-Champaign, IL. p. 223. 

IRAGAV ARAPU, T.K., J.L. POSNER, and G.D. BUBENZER. 1992. Using bromide to study water 
percolation and solute transit times under different crops. American Society of Agronomy meetings. 
Minneapolis, MN. Nov. 1-6. Agronomy Abstracts p. 327. 

POSNER, J.L., and M.D. CASLER. 1992. The Wisconsin integrated cropping systems trial: Combining 
agro-ecology with production agronomy. American Society of Agronomy meetings. Minneapolis, 
MN. Nov. 1-6. Agronomy Abstracts p. 154. 

STUTE, J.K. and J.L. POSNER. 1992. Legume cover crops as a N source for corn in an oat-corn rotation. 
American Society of Agronomy meetings. Minneapolis, MN. Nov. 1-6. Agronomy Abstracts p. 292. · 

Extension Bulletins: 
DOLL, J., R. DOERSCH, R. PROOST, and J.L. POSNER. 1992. Reduced herbicide rates: Aspects to 

consider. Univ. of Wisconsin-Extension A3563. 8 pp. 

KLEMME, RM., W.E. SAUPE, and J.L. POSNER.1992. Com-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. 

Proceedings: 
DOLL, J. and T. MULDER. 1992. Comparisons of cultivators and early season weed management 

strategies in corn. NCWSS Proceedings. 47:in press. 
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DOLL, J. and T. MULDER. 1992. Update on effectiveness of mechanical weed control. Proceedings of 
the 1992 Fertilizer, Aglime and Pest Management Conference. Jan 21-23, 1992. Vol. 31: 182-190. 

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. 
Michigan State University, East Lansing. Sept. 13-18. 

Thesis:· 
MULDER, T. 1992. Corn weeq management systems: Attempting to reduce herbicide use and increase 

effectiveness of mechanical weed control. M.Sc. Thesis. Agronomy Dept. Univ. of Wisconsin
Madison. 

Teaching module: 
CUNNINGHAM, L. 1992. Soils, crops, agriculture, and me: An agricultural awareness unit for fifth 

graders. Unpublished documents available from the University of Wisconsin-Extension, Elkhorn, WI. 

1993 
Abstracts: 
BALDOCK, J.0. 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 through soil under natural field conditions. In abstracts of Agricultural Research to Protect 
Water Quality. Soil and Water Conservation Society meeting held at the Radisson Hotel, 
Minneapolis, MN. Feb. 21-24. p. 36. 

IRA GAV ARAPU, T.K., J.L. POSNER and L. BUNDY. 1993. Soil nitrate levels under three cash grain 
rotations in southern Wisconsin. In abstracts of Agricultural Research to Protect Water Quality. Soil 
and Water Conservation Society meeting held at the Radisson Hotel, Minneapolis, MN. Feb. 21-24. 
p. 36. 

MALLORY, E.B. and J.L. POSNER. 1993. Adding a cover crop to cash grain rotations in southern 
Wisconsin. American Society of Agronomy meetings. Cincinnati, OH. Nov. 7-12. Agronomy 
Abstracts p. 140. 

STUTE, J.K. and J.L. POSNER. 1993. Legume cover crops as an N source for corn in an oat-corn 
rotation. American Society of Agronomy meetings. Cincinnati, OH. Nov. 7-12. Agronomy Abstracts 
p. 288. 

Extension Bulletins: 
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GUMZ, R.G., W.E. SAUPE, R.M. KLEMME, and J.L. POSNER. 1993. A preliminary economic 
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STUTE, J.K. 1994. Legume cover crops as a nitrogen source for corn. Ph.D. Thesis. Agronomy Dept. 
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Lakeland Agricultural Complex 
Arlington Research Station 

October 29, 2003 

Please find enclosed the Ninth Technical Report of the Wisconsin Integrated Cropping Systems 
Trial. As you can see, we have initiated a number of additional activities since the last report and 
have continued monitoring others for the twelfth and thirteenth years of the trial. You are 
encouraged to contact the authors of the various chapters of the report if you would like to 
further discuss with them their methodology or results. 

It costs us about $15 to print each copy of the Technical Report. If you find this Ninth Report 
useful and would like to receive our Tenth Report (2003/2004 results), please fill out the attached 
form and mail it back to us. 

On behalf of the WICST Steering Committee, 

Sincerely Yours, 

-£~ 
Please send me a copy of the WI CST Ninth Report at the address below ... 

Name 

Address: 

Phone: 

Please return form to: 

157 5 Linden Drive 
Madison, Wisconsin 53706-1597 
608-262-1390 

Josh Posner 
Agronomy Dept. 
1575 Linden Dr. 
Madison, WI 53706 
Tel: 608/262--0876 
Email: jlposner@facstaff.wisc.edu 

Farmers, Researchers, and Educators 
Together Exploring Fundamental 
Questions in Agriculture 
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