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Figure 2. Nitrate-N concentration in soil water
sampled atthe4 ft. depth over the 1995 growing
season. Treatment 1: no leaves, no nitrogen

applied. Error bars represent SE of the mean.
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Figure 7. Nitrate-N concentration in soil water

sampled at the4 ft. depth overthe 1995 growing
season. Treatment 6: 20 tons/A leaves,

100 lbs/A nitrogen applied during the growing
season. Errorbars represent SE of the mean.
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season. Error bars represent SE of the mean.
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Figure 10. Nitrate-N concentration in soilwater

sampled at the 4 ft. depth over the 1995growing

season. Treatment 9: no leaves, 200 lbs/A

nitrogen applied during the growing season.

Errorbars represent SE of the mean.
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season. Error bars represent SE of the mean.
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Figure 12. Nitrate-N concentration in soil water

sampled at the 4 ft. depth over the 1995 growing
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season. Error bars represent SE of the mean.

Figure 13. Nitrate-N concentration in soil water

sampled at the 4 ft. depth over the 1995 growing

season. Treatment 12: 80 tons/A leaves,

200 lbs/A nitrogen applied during the growing

season. Error bars represent SE of the mean.
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EVALUATION OF MUNICIPAL SEWAGE/PAPER MILL SLUDGE AS A SOIL AMENDMENT IN CROPPING SYSTEMS

Russell D. Mathlson1

Abstract

Research was conducted at Grand Rapids, MN to evaluate the agronomic benefits and environmental impact of applying
municipal sludge (in this case essentially paper millsludge) to croppingsystems. Sludge appears to reduce oat, alfalfaand
weed seedling germinationand seeding year plant growth if the material is applied immediately prior to seeding. However,
sludge applied one year ahead of seeding did not adversely affect seedling performance. Municipal sludge seems to benefit
crop production on coarse-textured soils during dry periods by increasing moisture holding capacity via the addition of organic
matter. Municipal sludge also elevates soil pH which is especially useful in the production of pH sensitive crops, such as
alfalfa. This study did not appear to identify any adverse environmental impacts associated with applying municipal sludge to
cropping systems.

Introduction

Grand Rapids municipal sludge, a mixtureof approximately90 percent paper mill sludge from Blandin Paper Company and 10
percent municipal sludge from the city of Grand Rapids is currently being landfilled. This disposal method may not be the best
use of a potentially beneficialorganic product or a sound disposal method from an environmental or economic perspective.
Sludge may benefit cropping systems because it contains a high percentage of organic matter that could benefit crop
production, especially on coarse textured soils such as found in northeast Minnesota, by increasingsoil tilth and nutrientand
water holding capacity. Sludge also contains some plant nutrients, primarily nitrogen, phosphorous and potassium.

This research study was initiated at the North Central Experiment Station in 1994 to evaluate the agronomic benefits and
environmental impacts of applying Grand Rapids municipal sludge to agricultural cropping systems. Funding for this project
was provided by the city of Grand Rapids. Establishment of the study, data collection and analysis of results were a joint
effort between Environmental Land Management, Eagan, MN and the North Central Experiment Station, Universityof MN,
Grand Rapids, MN.

Materials and Methods

A randomized complete block experimentwith four replications was established 24 May, 1994 at the North Central Experiment
Station, University of Minnesota, Grand Rapids. Sludge application rates were determined by calculating available N using
formulas developed by the Minnesota Pollution Control Agency (MPCA). Sludge application rates based on available Nwere
used becausethe nitrogen economy of soils to which sludge has been added will likely affect crop production the most for two
reasons: N is needed to fuelthe decomposition of organic compoundsin the sludge and is also a nutrientfrequently added to
nonleguminous cropping systems toachieve maximum yield. The sludge application rates used should add approximately 27,
S3 and 106lb/a of N to the soil with the 53 tb/a rate being a common amount innormal small grain production systems. The
lower and higher sludge rates were included to develop a response curve. Also included was a treatment containing ash from
Blandin's Co-Generation facility because It is currently being successfully used inalfalfa cropping systems and the mixture of
sludge andash may be superior to either component alone.

Treatment materials were hand-applied to 10 x 20 ft plots, then incorporated with a field cultivator and spike-toothed harrow.
Valley oats ©2.5 bushels per acre and Oneida alfalfa ®20 lb/acre were seeded 26 May. Prior to seeding, check plots in the
oat area received 300lb/a of 11-W0and 100 to/a of 46-0-0. Check plots in thealfalfa area received 300 lb/a of sul-po-mag
(22-18-22). All commercial fertilizer was applied using a 10 ft Gandy broadcast fertilizer spreader. Eptam pre-emergence
herbicide was applied at 3 lb/a to the alfalfa area on 25 May. The alfalfa seeding was not uniform due to an equipment
malfunction, so tiie area was reseeded 10 June. Data collected on oats Included: percent stand, percent weeds and plant
height Alfalfa data included: percent stand, percent weeds, dry matter yield, soil and plant tissue analysis. In 1995, the plot
area containing oats in 1994 was reseeded to an oat/alfalfa mixture to investigate the effects of applying sludge one year prior
to planting. Troy oat and Oneida alfalfa were seeded 18 May at 2bu/a and 15 lb/a, respectively. Plant height and forage dry
matter yield data was taken 18 July when oat was In the boot stage. No alfalfa forage dry matter yield data from the new
seeding was collected In 1995, however forage yield and plant tissue elemental analysis data was collected from the 1994
alfalfa seeding. Statistical analysis of data was performed using MSTAT statistical software. Statistical differences, when
detected, were separated using Fisher's LSD and Duncan's multiple range test

'Agronomist, North Central Experiment Station, Grand Rapids, MN.
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1994 Results

Plant response Oat plant height (Table 1) and general plant vigor were adversely affected by the presence of sludge, but only
the highest sludge rate negatively affected final percent stand. Environmentalconditions for oat growth were less than
optimum during seedling germination, emergence and early growth stages, as evidenced by the poor performance of the
check treatment Sludge apparently magnified the adverse effects of weather on oat growth. The addition of ash from
Blandln's co-generating plant increased oat height compared to sludge treatments containing no ash. All sludge treatments
significantly reduced percent weeds compared to the check.

Atfarfa

Plant response Alfalfa seedling emergence end early growth were reduced by the presence of sludge. Consequently,
seasonal forage drymatteryieldwas significantly less for all sludge onlytreatmentscompared to the check (Table 1). Blandln
ash increased alfalfa dry matter yield. Treatment five, containing Blandln ash and sludge, yielded significantly more dry matter
than treatment four, which contained the same amount of sludge but no ash. Sludge did not affect final alfalfa percent stand,
and the two highest sludge rates significantly reduced the percentage of weeds present in the final alfalfa stands compared to
the control.

Plant tissue response Major plant nutrients necessary for alfalfaproduction were at sufficient levels in alfalfa planttissue from
all treatments and the check except boron (Table 2), which was onlyat the sufficient level in the ash/sludge treatment Levels
of heavy metals (Pb, Nl, Cr, and Cd) Inalfalfa plant tissue were not affected by any of the treatments.

Soil response Soil pH is a critical factor In alfalfa production with a pH level of 6.5 considered the minimum level necessary
for successful production. Soil pH of this research site was initially 6.6 (Table3). Soil pH in the fall following spring treatment
application was highestfor the sludge/ash treatment The 20 and 30 ton/acre sludge rates also raised soil pHto higher levels
than the control, but the increase was not statistically significant

Soil levels of the plant nutrients phosphorous (P) and boron (B) were similarfor all treatments and the check. Soil levels of
potassium (K) and magnesium (Mg) in the ash/sludge treatment were higher than the other treatments and the check. Son
levels of sulfur (S) in the check and ash/sludge treatments were higher than forall sludge-alone treatments. Soil levels of
zinc(Z) were higher in the ash/sludge and 20 and 30 ton/acre sludge treatments than in the check and 5 ton/acre sludge
treatment. Soil levels of iron (Fe), manganese (Mg) and the heavy metals were similarfor all treatments and the check.

1995 Results

Oat/Alfalfa Mixture (Seeded in 1995)

Unlike 1994, oat or alfalfa seedling emergence in 1995was not inhibited nor was early seedling growth reduced in treatments
containing municipal sludgecomparedto plants in the control. Oat plant height (Table 4) at harvest was greaterforall
treatments which contained municipal sludge. Oat forage dry matter yieldwas greater for treatments containing sludge at
application rates of 20 or 30 ton/acre, compared to the control. The sludge/ashcombination did not affect eitheroat plant
height or drymatter yield differently thansludge-alone treatments. Theweed control benefit of sludgeinthe application year
was not as readily apparent In1995. one year after sludge application. Weed species invasion was of primarily grass species
rather than broad leaves, which may or may not be a direct effect ofthe presence ofsludge. Growth ofalfalfa was notvisibly
inhibited by municipal sludge, as visual stand ratingsof all treatments and the control were not different.

Alfalfa (Seeded in 1994)

Treatments containing sludge at application rates of 20 or30ton/acre had significantly higher alfalfa forage dry matter yields
(Table 4) at cut one, whereas only the treatment containing a sludge/ash combination had higher total season forage dry
matter yield.

Plant tissue elemental analysis

Plant tissue (Table 5) from treatments containing sludge alone consistently differed from the control only by containing higher
concentrations of zinc (Zh). Plant tissue from the treatment containing a sludge/ash mixture had lower concentrations of
phosphorous (P), calcium (Ca), magnesium (Mg) and sodium (Na) and higher concentrations of potassium (K), zinc and boron
(B). No differences In sulfur (S), aluminum (AI), iron (Fe), copper (Cu) or heavy metal [lead (Pb), nickel (NO, chromium (Cr) or
cadmium (Cd)] concentrations were measured between anytreatments andthecontrol.
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Soil elemental analysis

Soil from treatments containing sludgealoneconsistently differed from the control only in having tower concentrations of
magnesium (Table 6). Treatments containing the sludge/ash mixture had higher soil pH and higher potassium, sulfur, boron,
calcium and magnesium concentrations than the control andsludge/alone treatments. Treatments containing sludge at
application rates of 20 and 30 ton/acre had higher zinc concentrations than the control and the 5 ton/acre sludgetreatment
Heavymetal(lead, nickel, chromium and cadmium) concentrations of treatmentsdid not consistently differ from the control.
The sole exception was the control had a higher nickel concentration than the treatmentcontaining the sludge/ash mixture.

Discussion

1994 dataindicated municipal sludgemay inhibit seedling emergence and reduce vigor resulting En reduced plant performance.
The precise mechanism of this inhibitory factor is beyondthe scope of this study, however, ft could involve a significant
alteration inthe nutrient status of soil resulting from sludgeapplication, and/or the sludgemay present some type of physical
barrier. 1995 data seem to show reduced seedling emergence andvigor as a result of municipal sludgeapplication occurs
only inthe year of sludge application. Oat and alfalfa seeded in 1995 were not affected by the presence of municipal sludge
applied in 1994.

Oat plantheightand forage DM yield En 1995 were higherfor all treatments containing sludge comparedto the control.
Growing conditions during May and early June 1995 were drier than optimum for seedling emergence and growth. It seems
likely this increased plant growth response during dry conditions was due to an increase inthe water holding capacity of the
soil resulting from addition of organic matter viathe sludge. It isalsopossible the same phenomenon was partially responsible
for the greater alfalfa forage dry matteryieldat cut one of the alfalfa established in 1994.

Plant tissueandsoil elemental analysis data from established alfalfa indicate forage dry matter yield differences were probably
related to available potassium (P) and boron (B) because concentrations of these elements inalfalfa tissue were generally
sufficient (potassium and boron are20,000 and 30 ppm, respectively) for onlythe treatment containing ash, even though
fertilizer was applied at recommended rates.

Municipal sludge appearsto have a generally beneficial effecton soilchemistry ifapplied and Incorporated well In advance of
seeding, although the benefit is not alwaysstatistically measurable. Specifically, the soil pH increase observed with the
addition of sludge could be more beneficial than observed in this study to pH sensitive crops, such as aHaHa. in situations
wherethe existing soil pH is well belowthe required minimum of 6.5. Other crops potentially could benefit from increases in <""">
soil pH as well because many plant nutrients become generally more available as soil pH becomes closerto neutral (pH of 7).
Additionally, zinc (Zn) concentrations in both soil and planttissue, appears to be elevated to favorable levels by the addition of
municipal sludge.

Conclusions

Results thus far do notappearto indicate any adverseenvironmental effects of municipal sludge application to cropping
systems. Municipal sludge application appears to have both beneficial and detrimental effects on plant growth. Detrimental
effects associatedwithsludge application are reduced seedling germination and early plant vigor, both of which likely can be
avoided by applying the sludge wellahead of seeding, Le., inthe fall previousto a spring seeding. Beneficial effects of sludge
application on plant growthare associated with an increase insoil pH, especially for pH sensitive crops, and an increase inthe
moisture holding capacity of coarse-textured soils during periods of reduced soil moisture.

Table 1. Plant responses to sludge applications.

Treatment

Oat Alfalfa

Stand Weeds Height Stand Weeds Yield

1. Check

2. Sludge, 5 tons/A
3. Sludge, 20 tons/A
4. Sludge, 30 tons/A
5. Sludge, 30 tons/A +

Blandln ash, 10 tons/A

V In.

35a

15b

13 b

13 b

14 b

-mw. T/A

1.02 a

0.53 c

0.58 c

0.46 c

0.82 b

94 a*

88a

86 a

73b

85a

24 a

2b

2b

1b

2b

94a

80 a

88a

78 a

92 a

6a

4ab
2 be

1c

1c

n»

* Means within the same column followed by the same letter do not differ statistically at the 0.05 level of significance.
n
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Table 2. Effect of sludge application on alfalfa plant tissue.

Treatment S P K Ca Mg Na AI Fe

% ••ppm

1. Check 0.35 b* 3090 c 26870 b 18540 a 2021 a 94.5 c 16.63 a 63.8 a

2. Sludge, 5 tons/A 0.30 c 3431 be 26580 b 17840 a 1948a 155.3 be 19.92 a 87.6 a

3. Sludge, 20 tons/A 0.36 b 3620 ab 28580 b 16170 a 1987 a 330.5 ab 16.35 a 88.4 a

4. Sludge. 30 tons/A 0.37 b 3892 ab 27740 b 17140 a 2125 a 518.3 a 17.45 a 95.6 a

5. Sludge, 30 tons/A + 0.45 a 4037a 39980 a 13340 a 2047 a 209.8 be 13.38 a 100.1a

Blandin ash, 10 tons/A

Alfalfa sufficient nutrient 30 2500 24000 300-

level 1000

Treatment Zn Cu B Pb Nl Cr Cd

Kpiu

1. Check 22.1 c 7.63 a 15.40 c 1.96 ab 1.39 ab 0.40 ab 0.38 a

2. Sludge, 5 tons/A 33.6 b 7.52 a 22.53 b 1.68 b 1.66 a 0.36 b 0.14 a

3. Sludge, 20 tons/A 33.0 b 7.96 a 16.73 be 1.88 b 1.18 be 0.41 ab 0.18 a

4. Sludge, 30 tons/A 35.1 ab 8.33 a 16.33 c 1.95 ab 1.17 be 0.43 a 0.18 a

5. Sludge, 30 tons/A + 39.0 a 9.92 a 40.01 a 2.22 a 0.98 c 0.43 a 0.30 a

Blandin ash, 10 tons/A

Alfalfa sufficient nutrient 20-50 31-80

level

'Means within the same column followed by the same letter do not differ statistically at the 0.05 level of significance.

Table 3. Effect of sludge application on soil nutrient and heavy metal concentrations.

Treatment PH P K S B Ca Mg Fe

1. Check

2. Sludge, 5 tons/A
3. Sludge, 20 tons/A
4. Sludge, 30 tons/A
5. Sludge, 30 tons/A +

Blandin ash, 10 tons/A

6.63 be*

6.55 c

6.90 b

6.90 b

7.25 a

73a

77a

72 a

78 a

77a

71 b

68b

67b

68b

281a

18.8 a

4.8 b

5.3 b

6.0 b

29.0 a

KH"' • •

0.15 a

0.35 a

0.18 a

0.18 a

0.73 a

1072 b

827c

980 be

1009 be

1492 a

32.0 b

24.0 c

27.5 be

28.3 be

57.8 a

52.0 a

59.8 a

50.3 a

53.3 a

48.8 a

Treatment

1. Check

2. Sludge, 5 tons/A
3. Sludge, 20 tons/A
4. Sludge, 30 tons/A
5. Sludge, 30 tons/A +

Blandin ash, 10 tons/A

Mn

5.25 a

8.70 a

7.03 a

7.84 a

7.15 a

Zn

0.93 c

2.55 c

5.40 b

7.48 a

8.43 a

Cu

0.48 b

0.56 a

0.54 ab

0.55 a

0.59 a

Pb

-ppm-

0.58 a

0.81a

0.61a

0.67 a

0.60 a

Nl

0.52 ab

0.61 a

0.44 b

0.44 b

0.42 b

Cd

0.049 a

0.055 a

0.052 a

0.053 a

0.082 a

Cr

0.028 a

0.028 a

0.028 a

0.028 a

0.028 a

'Means within the samecolumn followed bythe same letter are not statistically different atthe 0.05 level of significance.



Table 4. Oat plant height and forage dry matter yield for
alfalfa seeded in 1994.
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and alfalfa seeded in 1995 and forage dry matter yield for

....Ofitr/AHnKn.._...... Alfalfa-—

Cut 2Treatment Plant Ht Forage DMYW Cut1 Total

-in- TDM/A~

Check 22 d* 0.64 c 1.76 be 1.02 a 2.78 a

5 26 c 0.98 b 1.66 c 0.95 a 2.61a

20 29 ab 1.23 a 1.90 be 1.05 a 2.95 a

30 29 a 1.20 a 2.03 b 1.05 a 3.07 a

20+10 27 be 1.26a 2.37 a 0.98 a 3.35 a

'Means within the same column followed by the same letter ere not statistically different at the 0.05 level of significance.

Table 5. Grand Rapids Municipal Sludge Study - 1995Planttissue elementalanalysis. Alfalfa seeded in 1994.

Treatment S P K Ca Mg Na AI Fe

%

1. Control 0.29 a* 2844a 19060 b 15850 a 2341a 535 a 17.0 a 61a

2. Sludge, 5 tons/A 0.25 a 2639 be 19910 b 15600 a 2048 ab 436 ab 21.0 a 63 a

3. Sludge, 20 tons/A 0.26 a 2780 ab 20230 b 15900 a 2002 b 511a 18.1a 63 a

4. Sludge, 30 tons/A 0.28 a 2783 ab 18850 b 16720 a 2127 ab 666a 18.4 a 66a

5. Sludge, 30 tons/A + 0.26 a 2476 c 26840a 12140 b 1518 c 205 b 25.3 a 63 a

Ash, 10 tons/A

Treatment Mn Zn Cu B Pb Ni Cr Cd

-pjjiu •

1. Control 39.5 ab 20.2 d 5.47 a 19.6 b < 1.68 a 3.27 a 0.41a < 1.20 a

2. Sludge, 5 tons/A 43.0 a 24.0 c 5.47 a 21.5 b < 1.68 a 3.00 a 0.42 a < 1.20 a

3. Sludge, 20 tons/A 35.4 abc 26.7 b 5.12 a 20.5 b < 1.68 a 2.89 a 0.37 a < 1.20 a

4. Sludge, 30 tons/A 34.7 be 29.0 a 5.49 a 20.8 b < 1.68 a 2.93 a 0.38 a < 1.20 a

5. Sludge, 30 tons/A + 28.1c 25.7 be 4.77 a 31.8 a < 1.68 a 2.08 a 0.37 a < 1.20 a

Ash, 10 tons/A

♦Meanswithin thesame column followed bythe same letter are not statistically different atthe 0.05 level of significance.
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Table 6. Grand Rapids Municipal Sludge Study • 1995Soil elemental analysis of treatments cstahliiihfd in 1994.

Treatment PH P K S B Ca Mg Fe

"W">

1. Control 6.5 be* 71a 69 b 4.25 be 0.10 b 849 be 34b 45 ab

2. Sludge, 5 tons/A 6.3 c 71a 66b 1.75 c 0.10 b 777c 23c 50a

3. Sludge, 20 tons/A 6.7 b 69a 62b 7.75 b 0.10 b 958 b 24 c 40 bo

4. Sludge, 30 tons/A 6.8 b 74 a 68b 5.25 be 0.13 b 978b 24c 40 be

5. Sludge, 30 tons/A + 7.3 a 75 a 149 a 14.8 a 0.35 a 1262 a 42 a 34c

Ash, 10 tons/A

Mn Zn Cu Pb Ni Cd Cr

Ff'"

1. Control 4.6 a 0.99 b 0.48 a 0.57 a 0.52 ab 0.05 a <0.03a

2. Sludge, 5 tons/A 5.8 a 3.38 b 0.56 a 0.75 a 0.62 a 0.06 a <0.03a

3. Sludge, 20 tons/A 3.8 a 6.71a 0.55 a 0.55 a 0.44 be 0.05 a <0.03a

4. Sludge, 30 tons/A 4.3 a 8.23 a 0.54 a 0.60 a 0.40 be 0.05 a <0.03a

5. Sludge, 30 tons/A + 4.0 a 7.81a 0.53 a 0.56 a 0.30 c 0.07 a <0.03a

Ash, 10 tons/A

•Means within the same column followed by the same letter are not statistically different at the 0.05 level of significance.
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SEED-PLACED FLUID FERTILIZER FOR CORN PRODUCTION

George Rehm, Gyles Randall, Dave Huggins, Thor Sellie,Andy Scobbie, and Jeff Vetsch1'

Abstract

Banded fertilizer becomes an important placement option for immobile nutrients as soil test levels increase.
Seed-placed (pop-up) fertilizer is one option. This study evaluated the effect of three fluidfertilizers applied
in contact withthe seed at three rates on emergence, early growth, and yield of corn grown at two locations.
This placement method had no effect on emergence, increased early growth, and had mixed effects on corn
yield.

Introduction

The placement of fertilizer withthe seed (pop-up) has been used by some com producers for several years. Limits for use have
not been well defined. This practice may become a more important option as soil test levels for P and Kcontinue to increase.
Therefore, the impact of this fertilizer management practice needs to be studied in more detail.

Experimental Procedure

This study was conducted at the Waseca and Lamberton Experiment Stations. Three fluid fertilizers (7-21-7,4-10-10,10-34-0)
were applied at rates of 5,10, and 15 gallons per acre in contact with the seed (pop-up). A control (no fertilizer with the seed)
was also used. Com was planted in both early and mid-May at the Waseca location. The com was planted in mid-Mayat the
Lamberton site. The soil to a depth of 6 inches was wet at both locations.

Stand counts were taken at approximately four weeks after emergence at both sites. Whole plants were harvested at this time,
dried, and weighed. These plant samples were ground and analyzed for P and K. Grain yields were measured in October.

Summary of Results

Fertilizer applied incontact with comseed had no negative effect on emergenceat all sites. The soilmoisture inthe seed zone
was high and this may have eliminated any negative effects caused by this practice.

This placement practice increasedthe earlygrowth ofcom at both locations. Even though soiltest values for P and Kwere in
the high range at all sites, this practice was positive because ofthe cold, wetconditions at planting.

The effect of "pop-up" fertilization onyield wasmixed. For the early planting atWaseca, yields were reduced slightly when this
practice was compared tothecontrol. This effect was not observed for the mid-May planting at both the Waseca and Lamberton
locations.

This study will be repeated in 1996.

*Professor, Department of Soil, Water, and Climate; Soil Scientist, Southern Experiment Station; Soil Scientist, Southwest
Experiment Station; Junior Scientist and Assistant Scientist, Department of Soil, Water, and Climate; Assistant Scientist,
Southern Experiment Station, respectively.



133

EFFECT OF ANHYDROUS AMMONIA APPLICATION PATTERNS AND TIMING ON CORN STAND AND YIELDS

M.A. Schmitt, and D.R. Hicks1'

Abstract

Earlier corn planting could occur in many farming operations if it wasn't for delays due to nitrogen fertilizer
applications. This study was designed to evaluate the effects of applying anhydrous ammonia after com
planting-yet before emergence-using various application patterns. Applyinganhydrous ammonia parallel
to and in-between com rows resulted in no stand loss and optimumyields. Other application patterns
resulted in varying degrees of stand loss that was correlated with grain yield loss.

Introduction

In the northern Com Belt, com producers are annually challenged withcompleting all the necessary field work to ensure
plantingby the optimum dates. Factors such as seedbed tillageoperations, wet soil conditionsdue to soil frost and/or rainfall,
and chemical and fertilizer applications all contribute to delay in planting. One management strategy that may allowfor earlier
com seeding is to apply anhydrous ammonia (AA), which is the most popular nitrogen (N) form used, after planting yet before
emergence. The objectives of this study were to determine the feasibility of this practice by evaluating com stands and yield
as affected by AAapplication patterns, N rate, and time of application.

Experimental Procedure

This study was conducted for four site-years in eastern Minnesota. An AA application rigwas used to apply the treatments in
four configurations: 1) with the knives centered down the middleof the com rows; 2) the rigdriving at an angle through the
plots; 3) the rigdriving at the same angle through the plots twice; and 4) withthe knives centered on the seeded rows of com.
The application treatments were applied either within 24 hr of com planting or a week after planting. Nitrogen was applied at
rates of 0 or 150 Ib N per acre, with the 0 N rate still having the application rig and knives going through the plots. Com
stands in the plots were measured approximately 3,4, 5, and 6 wk after planting, with stand quality parameters, such as gaps
and delayed plants, quantified at 6 wk after planting. Grain yields were measured at physiological maturity.

Summary of Results

Com stands were reduced when both angled treatments or the in-row treatments were epplied, regardless of whether AA was
beingapplied or not Comparedto the between row treatment stands were reduced 6,14, and 31%with the angle, angle-
twice, end in-row treatments, respectively. The reduction instand was highly correlated to gaps (>12in.) in the rows. Yields
were 96, 92, and 81% of the between rowtreatment, which had an average yield of 176 bu/acreforthe four site-years. The N
rate (0 or 150 Ib N/acre) did not have a significanteffecton stand, except with the in-row treatment,which indicates that seed
displacement from the knives is justas important as AA injury. There wereminor negative effects onstand and injury with
treatment applications one week after planting.

Status

This project consisted of twosite-years in 1994 and twosite-years in 1995.

- Associate Professor, Department of Soil, Water, and Climate; Professor, Department of Agronomy and Plant Genetics,
respectively.
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ANNUAL MEDICS AS A SOURCE OF NITROGEN AND MEANS OF WEED CONTROL IN CORN

CC. Sheaffer, M.A. Schmitt, and G.W. Randall1'

Abstract

Annual medics, which are legumes that provide rapid ground cover early in the season and then senesce
by the middle of the season, may be grown with com inan effort to reduce herbicide and nitrogen inputs.
This study was designed to evaluate the weed control and nitrogensufficiency of this dual-cropsystem.
Research results indicated that the weed control propertieswere questionable and that nitrogen
contributions were not realized by the com. Insummary, medic was a significantcompetitor withthe com.

Introduction

Annual medics establish and growquite rapidly in the springof the year, and by mid-summer they have completed their
vegetative growthcycle. Previous research has shown that medicscan fix significant quantities of nitrogen(N) in their growth
cycle. Also, due to their growth habit, they can have a weed suppression effect The objective of this study was to evaluate
medics grown with com as contributors to weed suppression and N sufficiency for com.

Experimental Procedure

This study was conducted in Waseca and Olmsted counties in 1995. Three different medic/N main effect treatments were
established. One treatment consisted of broadcast applicationof N and broadcast seeding of medic immediately preceding
com planting. The second treatment consisted of band applicationof N directly in-between the com rows and band seeding
of medic directly over the com rows. The third treatment used banded N (in-between com rows) with no medic being grown.
Each of these main effect treatments were established using Nrates of 0,50,100, and 150 Ib N/acre. In addition, a preplant
herbicide treatment was used with each of the main effect treatments at the 100 Ib N/acre rate. Soil N and plant (com, medic,
weed) N were measured in June and July and grain yield was measured at maturity.

Summary of Results

Results between the two locations were similar. There was a significant effect of N rate for each of the medic/N application
methods. Averaged across N rates, the broadcast medic/N treatments providedthe lowestcom biomass duringthe season
and lowest grain yield at the end of the season. The banded medic/N treatments provided intermediate results between the
broadcast treatments and the no medic treatments. The greatest yields were observed when a preplant herbicide was used.
These results indicate the need for effectiveweed controlstrategies and an understanding of the competitive nature of plants,
even a legume, for inorganic N.

Status

Thisproject was started in 1993and was conducted at two sites in 1994and again in1995.

^ Professor, Department of Agronomy and Plant Genetics; Associate Professor, Department ofSoil, Water, andClimate; Soil
Scientist, Southern Experiment Station, respectively.
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EFFECT OF ALFALFA STAND AGE ON N CREDITS FOR SUBSEQUENT CORN N RECOMMENDATIONS

M.A. Schmitt, CC. Sheaffer, G.W. Randall, and D.R. Huggins1'

Abstract

Age of alfalfa stand is not considered in providing N credits for a subsequent non-legume crop. This study
was designed to evaluate the effect of alfalfa stand age on corn's N responsiveness. One-, two-, and three-
year old stands of alfalfa were killed and seeded to com. Nitrogen fertilizer rates ranging from 0 to 150
lb/acre were applied. In 1995, grain yield responsed up to 50 Ib N/acre with the 1-year old stands. No com
response to N was measured when grown on 2- or 3-year old stands of alfalfa.

Introduction

It is not unusual for alfalfa producers to be forced into plowing-up a stand of alfalfa much earlier than expected. Winterkill,
changes in the government program, or poor stands all provide opportunities for producers to rotate out of alfalfa eariy. This
study was designed to evaluate the effect of stand ages on com response to fertilizer N.

Experimental Procedure

This study was located at three locations in Minnesota-Rosemount, Waseca, and Lamberton. Alfalfawas established in
1992,1993, and 1994 so that in 1995, when com was to be grown, there were 1-, 2-, and 3-yr old stands of alfalfa. The
alfalfa was chemically killed in the fall of 1994. On each of these plots, N rates of 0,25, 50,75,100, and 150 lb/Awere
applied shortly before com seeding, which was accomplished without any tillage. Plant and soil samples were collected
regularly throughout the growingseason in the control plots to monitorsoil Nand, hence, N uptake. At harvest grain and
stover yields were measured.

Summary of Results

At the Rosemount site, corn grain yields were reduced throughout the entire study; possibly due to a combination of poor
stands, poor weed control, and/or compacted soils. As a result, there were no treatment responses caused by the applied N
rates or the age of alfalfa stand. Waseca and Lamberton data were quite similar. The 1-year old stand of alfalfa resulted in a
yield response withthe 25 and 50 Ib N/A treatments. There was no yield response to fertilizer N withthe 2- or 3-yr old stands.

Status

Identical protocols were used forthe 1994and 1995comcropsand will continue with the 1996crop.

"Associate Professor, Department of Soil, Water, and Climate; Professor, Department of Agronomy and Plant Genetics; Soil
Scientist, Southern Experiment Station, Assistant professor, Department of Soil, Water, and Climate, respectively.
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THE IMPACT OF STARTER FERTILIZERS ON ROOT ACTIVITY AND
PRODUCTION OF POPULAR BUT DIFFERENT CORN HYBRIDS

George Rehm, Deborah Allan, Diane Knight, AndyScobbie, and TriorSeine"

Abstract

Previous studies in recent years had shown that various com hybrids show differences in root architecture.
Little is known about the impactof fertilizer use on distribution and activityof com roots. This study evaluated
the impact of various rates of KjO and placement on rootactivity of three popular, but different com hybrids.
The studywas conducted at twosites. One had a high soiltest valuefor potassium. The other had a medium
soil test value for potassium. Neitherhybridnor potash fertilization affected yield at the site with the medium
soil test. Hybrid, but not potash fertilization, affected yield at the site having the highsoil test for potassium.

Introduction

Rootgrowth and root activity is not the same forall hybrids. Past research has shown that com hybrids respond differently to
potash use and placement. These differences have been attributed to differences in the way that roots grow with root
development beingdifferent among hybrids. Inaddition, verylittle is known about differences in rootactivity among hybrids.
Therefore, this study was conducted to measure the effect of potash fertilizer on the distribution and activityof roots of three
popular com hybrids.

Experimental Procedure

This study was conducted in fields of cooperating fanners in Goodhue County. Selection was based on soil test values for
potassium. One site had a very high soil test for potassium. The potassium level at the second site was in the medium range.
Three popular, but different, hybridswere grown at each site. Three rates of potash (20,40,60 Ib. Kfi per acre) were applied
in a starter fertilizerwith 100 Ib. 18-46-0 per acre. Other treatments were: 1) no starter, 2) 100 Ib. 18-46-0 per acre in a starter
(no potash), and 3) 200 Ib. KjO per acre broadcast with 100 Ib. 18-46-0 per acre in a starter.

Three non-essential cations (strontium, rubidium, lithium)were injected to various depths at two distances (4 and 8 inches) from
the row at both 30 and 40 days after planting. Injections were made perpendicular to com plants. Whole plant samples were
taken ten days after each injection. These plant samples were analyzed for potassium, rubidium, and strontium in an effort to
measure root growth and activity.

Grain yields were measured in October and corrected to 14.5% moisture.

Summary of Results

Results recorded in 1995 were inconsistent Neitherhybrid nor use of potash fertilizer had a significant effect on yield at the site
witha mediumsoil test for potassium. Anearly growthresponse to potash use was cleariy visible at this site. These differences
in early growth, however, were not reflectedin yield.

Yield was affected by hybrid, but notpotashuse, at the site wherethe soiltest forpotassium was in the highto very highrange.
The lack of response to potash would be expected at this site.

Uptake ofnon-essential cations wasquite variable in 1995. Therefore, definite comments about root geometry and root activity
cannot be made at this time.

v Professor, Associate Professor, Research Associate, Assistant Scientist, and JuniorScientist, Department of Soil, Water, and
Climate, respectively.
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FIELD SCALE USE OF A CHLOROPHYLL METER FOR NITROGEN FERTILIZER APPLICATION

J.A. Lamb, D.S. Onken, and K.I. Ault1'

Abstract

A chlorophyll meter was used to schedule nitrogen fertilizer applications for irrigated com grown on a
Zimmerman fine sand. Afterthree years results have been mixed. Grain yields reductions from scheduled
applications compared to sufficiently fertilized com ranged from 0 to 11 percent The N fertilizer reductions
were 30 % of the sufficiently fertilized com. Use of this technique on sandy soils in Minnesota will require
top management.

Introduction

Chlorophyll meters have been developed to schedule in-season nitrogen applications for corn under irrigated conditions.
Nebraska researchers found that using a relative nitrogen status (RNS) of 95 % (comparing an adequately fertilizedarea to a
scheduled area) on silt loam soils would result in a 6 % reduction in com grain yield while reducing fertilizer N inputs. This
reduction has implications for reduced nitrate-N losses into the ground water. The objective of this study was to use a
chlorophyll meter to schedule in-season N applications for irrigated com in Minnesota.

Materials and Methods

This study was conducted as part of the Northern Cornbelt Sand Plains Management Systems Evaluation Area (MSEA)
project from 1993 to 1995. A ridge-till com-soybean rotation was used with each crop present in each year. The cropping
areas are 4.4 acres in size with the predominant soil being a Zimmerman fine sand. Nitrogen was applied as 20 pound N per
acre in the starter at planting and 60 to 70 pounds N per acre at the V4 com growth stage. The rest of the fertilizer N (about
half) was applied according to the chlorophyll meter scheduling. To schedule N applications, well fertilized reference strips
consisting of the outside 8 rows on each side of the cropping area were established each year. The reference strips received
an additional 50 to 70 pounds N per acre at com growth stage V8. This operation occurred before the ridgingoperation.
Relative nitrogen status (RNS) was calculated by comparing the chlorophyll meter readings from the scheduled area with the
reference strip chlorophyll readings. RNS is expressed as follows: (Chlorophyll number scheduled/ Chlorophyll reference
strip) X 100. The chlorophyll numbers were determined by a Minolta SPAD meter periodically after the V8 com growthstage.
When the RNS went below 95 %,20 to 30 pounds Nper acre was appliedas UreaAmmonium Nitrate solution (28-0-0)
injected into the irrigation system. Hand harvested grain yieldswere determined fromboth the reference and scheduled
areas each year.

Results and Discussion

The useof thechlorophyll meter for Nfertilizer scheduling requires a considerable amount of management Sampling must
be done on at least a weekly basis. Therewas a grain yield reduction betweenthe reference and scheduledareas in 1993
and 1995 of 10and11 percent, respectively. In 1994, no grain yield reduction occurred. The Ninputs were approximately 70
%for the scheduled area compared to the reference strips. In 1993, some of the grain yield reduction was caused by the
newness ofthe technique to the researchers. In 1995, wewere unable to make upthe lossafter the 95 %threshold was
reached. Future usewill require the RNS threshold tobeincreased to97%on sandy low organic matter soils.

This is the third year ofan on-going study.

^Associate Professor, and Assistant Scientist, Department of Soil, Water, and Climate; Support Scientist. USDA-ARS
respectively. '
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PRECISION SOIL SAMPLING FOR IMMOBILE NUTRIENTS

J.A. Lamb, G.W. Rehm, G.L Malzer, and J.G. Davis1'

Abstract

Astudy to evaluate the best grid cell size and best soil sample system for immobile nutrients was
conducted in South-CentralMinnesotafrom 1993 to 1995. Acom-soybean cropping system was used.
The soils at the research sites were formed in glacial till. Three grid cell sizes, 60 X60 ft, 180 X180 ft,
and 300 X 300 ft. were evaluated. The samplingpatterns includeda mid-plot sample, a 60 X60 ft. gridall-
point pattern, and five to nine sample pattern. The smaller the grid cell the better the characterization of the
soil for P and K. Economics of the cropping system will dictate the grid cell size used in most situations.
The sampling pattern results indicate that a single mid-point soil sample is not a good characterization of
soil P and Kin a gridcell. The use of any pattern with at least five sample locations inthe cell is as good as
usingsoil from 25 locations. To get the mostout of grid soilsampling, the person taking the sample should
use their knowledge of soil science and of the field being sampled to get a sample which"best" reflects the
grid cell.

Introduction

Precision soil sampling has become an issue in Minnesota. Manyfertilizerdealers and consultants have invested in the
variable rate technology (VRT) forapplication of phosphorus (P) and potassium (K) fertilizer. The variable rate application
equipment require a conditionmap of the field to provide information on howmuch and where to applyfertilizer. As the use of
VRT grows more questions arise about how to develop the condition mep. Mostconsultants have adopted a gridsystem of
soil sampling a field to meet this need.

As more gridsoil sampling is done the following questions have been asked: 1. What is the best gridcell size for P and Ksoil
testing? 2. What is the best soilsamplingpattern within a gridcell? and 3. Howdoes the timeof the year affect the soil test
results?

Materials and Methods

Astudywas started with three locations in Southern Minnesota to answer questions about usinggridsoil sampling. These
locations were established infarmer'sfields in the soybean year ofa com-soybean rotation. One location (SB)was started in
June 1993 and the others (RA and RM) in June 1994. For this reportonlySB and RA locations will be discussed. Soil
samplesto a sixinchdepthweretaken on a 60 X60 ft. grid and analyzed for pH, organic matter, Bray-P, sodium
bicarbonate-P (Olsen-P), and potassium. TheSBlocation was360feet wide end 1320 feet long accounting for an area of
10.9acres which forms 132- 60 X60ft. grid cells. The RA sitewas360feetwide and 1140 feet long which is 9.4acres in
areaand has 114- 60 X60ft grid cells. Soybean andcomwere grown bythe farmer cooperators as partoftheir bigger
fields. At the end of the second yearcom grain yields weredetermined in60 footsegments bye plotcombine.

Soil datafrom one sampling time at each location wasevaluated at threedifferent grid cell sizes; 60X60ft., 180X180ft.,
and 300X300ft. Tocompare grid cell sizes, similar areasofthesiteswere used. At the RA location 12-180 X180 ft. grid
cells and 3 -300 X300ft. grid cells were usedfor acres of 360 X1080 ft. and 300X900 ft., respectively. At theSB site, 21 -
180 X180ft. grid cells were usedmaking the sitesize360 ft. X1260 ft. Four 300X300ft. grid cells were usedoran area
300 ft. X1200 ft. Fertilizer recommendations for P andKwere derived from University ofMinnesota recommendation for a
150 bushel per acre com yield goal.

Results and Discussion

Optimum Grid Cell Size

From an academic prospective, the smaller the grid cell sizes will provide a betterdocumentation ofthe variation ina field.
Current University of Minnesota research at two sites has looked at three grid cell sizes: 60 X60 ft. (0.1 acre), 180 X180 ft
(0.75 acre), and 300 X300 ft. (2 acre). For the actual soil test values, there aresome differences in average values wfth
changing grid cell sizes. At the RA location, when using a standard single mid-point sample, the Bray-P test was affected by

11 Associate Professor, Professor, Professor, and Research Associate, Department of Soil, Water, and Climate, respectively.
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cell size (16.4 ppm for 60 X 60 ft., 20.1 ppm for 180 X 180 ft., and 9.7 ppm for 300 X 300 ft.). The 300 X 300 foot soil test
>*-swasless than the smaller two grid sizes. At the SB location, Bray-P soil test values decreased with increasing grid cell size
r £7.7 ppm for 60 X60 ft., 26.9 ppm for 180 X180 ft., and 21.0 ppm for 300 X300 ft.). The phosphate fertilizer

recommendations for a 150 bushel per acre corn crop based on the Bray-P soil test are quite different when comparing a 60
X 60 foot gridcell to a 300 X 300 foot grid cell (23.3 vs 30.0 pounds phosphate per acre). At both locations, the average
recommended rate for all cells increased with increased cell size: (35 pounds phosphate per acre at RA and 7.9 pounds
phosphate per acre at SB). For recommendation purposes, we suggest using the smallest grid cell size that is economically
practical. Large cells should be used where there is a small amount of variability in a field. If substantial variability is
expected, use smaller grid cells.

Sampling Pattern Within a Grid Cell

The sampling pattern used withinthe cell seems to make a substantial difference in the fertilizer recommendations. The use
of a mid-point location produced different fertilization recommendations that if multi-point (5 to 9 sampling locations in the grid
cell) were used. In this study, the multi-point and all points sampling systems produced the same Bray-P test. The ell point
system required collection from withinthe 300 X 300 ft. gridon 60 X 60 ft. intervals forat total of 25 soil samples. If possible
a sampling pattern which would include at least five separate location in the grid cell, should be used. Again this would
increase the number of soil samples taken but the increased precision in the fertilizer recommendations may be worth it. The
mid-point sampling system allows an individual to return to a specific location each time a cell is sampled. With the
improvement of global positioning system technology (GPS), the ability to return to the same place using 5 to 9 sampling
areas should also be possible.

The RA location had three 300 X 300 ft. cells while SB was largerwith four cells. The comparison of sampling patterns at RA
indicates that in two of the three cells the single mid-point soil test Bray-P value was less than the all points value which
utilized 25 individual soil samples taken in the 300 X 300 ft. cell. Because of this the phosphate recommendations are
different between the two sampling systems at the RA site. At the SB site in three of four cells the mid-point Bray-P value
was less than the all point value. Again the phosphate recommendations reflect these differences. In both locations, the
Bray-Psoil test value derived from a multi-pointsampling patternwhich involved five to nine soil samples was similarat the all
pointvalue. In this study multi-point patterns involved separate soil samples which were mathematically averaged and not

f""^ composited.

Effect of Time of Sampling of pH. Brav-P. Olsen-P. and Potassium

The increase use of grid sampling has caused some concern about the increased amount of time involved in taking and
analyzing the added soil samples. Forimmobile nutrients and pH, the "window" forsoil sampling could be longer than the
current practice. Partof this study was to determine soil test variability over time. Soil samples were taken at the RA site
June 1994, October 1994, June 1995, and October 1995. The samples were taken at the SB site June 1993, October 1993,
June 1994, and October 1994. At the RA site, phosphorus measurements were relativelysimilarduring the sampling dates.
The pH mean values were similarbetween sampling dates but the minimum value increased in the October 1994 sampling.
The potassium soil test means increased with time. At the SB site the mean and minimum values for Bray-P and Olsen-P
remained similar between sampling dates. The Bray-P and Olsen-P maximum values were decreased in 1995 from the 1994
values. All pH values decreased in 1995 compared to 1994. Again potassium soil test values changed more erratically
between sampling times.

In general the phosphorus soil tests and pH are stable overtime if they are taken from the same location in the field. In most
cases, the differences between sampling times are within the accuracy of the analytical lab. Potassium is erratic. This is a
concern. This variability can be from several different factors. Firstthe soil moisture status at sampling time can cause
variability. At lower soil test values, soil test K will increase when soils are dry causing release of fixed K from the clays in the
soil. At high soil test values, the analytical methods do not allowenough time to extract the K released by the clays. The way
the sample is handled in terms of drying temperature and the length of time it is dried at the soil testing laboratory can also
cause considerable variability. Our recommendation to minimize the variability of K soil test is to sample a field in the same
place during the same time of the year and use the same laboratory. At this time we believe that the "window"of time when
soil sampling for immobile nutrients can be increased to make it a more manageable activity.

The authors would like to acknowledge the support for this research from the Minnesota Com Growers Association, Farmland
Industries, AGVISE Laboratories, Minnesota Valley Testing Laboratories, and A&L Heartland Laboratories - Atlantic, Iowa.
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EFFECT OF TIMEOF APPLICATION ON MINERALIZATION OF MANURE N,
CORN YIELD, AND SOIL NITRATE CONCENTRATIONS s~v

G.W. Randall, M.A. Schmitt, and B. Montgomery1'

Abstract

There is often more available labor and time in the fall of the year for manure applications. However, there
are several concerns associated with early manure applications. Thisstudy was designed to evaluate the
agronomic and environmental aspects ofvarioustimesof manure applications. In 1995, the time(and rate)
of application had important effects on yield.

Introduction

The issue of when to applymanure can be a controversial issue. While producers realizethat earlierapplications are most
convenientand laborefficient, environmental and agronomic concerns need answers. The objectivesof this projectare
twofold. First is the determination of N mineralization rates ofmanure as affected bytimeof manureapplication and
nitrification inhibitors. Second, the effects ofthese factors will be evaluatedon cropNuptake, grain yield, and leaching
potential.

Experimental Procedure

Studies were established at two sites in 1995 insouth central Minnesota. At each site, three fall manureapplications were
scheduled (September, October, and November)along witha spring, preplant application. At each applicationdate, two
rates (3,000 and 6,000 galiacre) of manure wereapplied, with each rate being appliedwith and without nitrapyrin (N-Serve).
Commercial fertilizer Nrates were used as reference treatments. Soil samples werecollected inapproximately two week
intervals from the date of manure application through June of the crop year,excluding winter. These samples were analyzed
for nitrateand ammonium. Soilwater samples werecollected from selected treatmentsand analyzed fornitrate. Grain and
stover yields along withplant N concentrations were measured at maturity.

Summary of Results

Results indicate that springsoil nitrate-N and grainyieldsare strongly related to the fall applicationdate-the earlier the
manure was applied, the less available Nand yield were measured the following season. For the twosites in 1995, there
were no differences measured among the fall application dates. However, grainyieldsfrom all fall-applied treatments was
slightly less than from spring-applied treatments. The higherrate of manureforall treatments resulted in highersoil N
concentrations at all sampling times, and resulted in greater yieldsat the 1995sites. Inclusion of nitrapyrin had the greatest
effect in slowingnitrification withthe September/Octoberapplications, and resulted inyield increases at one site when
averaged across all treatments.

Status

Thisproject was started in 1993 at twosites. Threesites were used for thestudyin 1994. Only residual yield affectswill be
measured in 1996 at the 1995 sites.

- Soil Scientist, Southern ExperimentStation;Associate Professor, Departmentof Soil, Water, and Climate; SoilScientist,
Minnesota Department of Agriculture, respectively.
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MANAGEMENT TO IMPROVE ROOT HEALTH OF SOYBEANS GROWN IN NO-TILL PLANTING SYSTEMS

George Rehm, Ward Stienstra, Andy Scobbie, Trior Sellie, and Sandra Gould1'

Abstract

Root diseases are a concern when soybeans are planted in no-till systems. The effects of tillage system,
variety, Ridomil use, and either potash or phosphate fertilization practices on soybean root health and
subsequent yield were evaluated inthis study. Experimental sites were selected in Dakota,Olmsted, and Swift
Counties. The sites selected had been planted to soybeans in 1994 using no-till planting techniques. Results
were varied. The effects of treatments on root health and yield were not consistent across all sites. In general,
yields were lower where no-till was used. Incidence of PhytophthoraRoot Rot was more evident where the
susceptible variety was planted with no-till techniques without the use of Ridomil.

Introduction

There is a substantial interest in no-till soybean production in Minnesota. Yet, root diseases are a common concern when
soybeansare planted wfth no-till techniques. Management practices thatmight affect root health inthisplanting system have not
been fully investigated. This studywas conductedto eveluate the effectoftillage system, variety, Ridomil use, end management
of either phosphate or potash fertilizerson the root health and subsequent yield of soybeans.

Experimental Procedure

Thisstudy was conducted in fieldsof cooperatingfarmers in Dakota, Olmsted, and Swift Counties. All sites selected were well
drained and had been plantedto soybeans in 1994 using no-till planting systems. The managementpractices studied were: 1)
tillage system (no-till, either disk orfield cultivation before planting, 2)variety (Pioneer 9071, Pioneer 9091), 3) Ridomil use (none,
full rate), and phosphate or potashfertilizer management The Pioneer9071 varietyis resistantto Phytophthora RootRot The
Pioneer9091 variety is susceptible to this pathogen. The Ridomil, when used, was placed in a band over the rowat planting.
Potash management (none, 40 Ib. KjO per acre ina band, 80 Ib. KjO per acre broadcast)was evaluated at the Dakotaand

-«. OlmstedCountysites. Phosphate management (none, 35 IbP205 per acre in a band, 70 Ib. P2Os per acre broadcasQ.was
i ^ evaluated atthe Swift County site. All fertilizer treatments were applied before tillage operations were completed in the spring.

Whole plant samplesweredugfrom each plot at approximately 30and again at 70 days after planting. Topgrowth was separated
from the roots. The majority ofthesoil was removed from the root system andthe root systemsweretransported to the laboratory.
The root systemsofsix plantscollected from each plot werescoredforlesions, nodules, and tested with ELISA for Phytophthora
RootRot. Rootsections were platedon waterend Acid Potato Dextrose agar to determine fungal colonization of the root tissue.

Leaf samples from each plotwere collected at early to mid-bloom. These samples were analyzedfor potassium (Dakota and
OlmstedCountysites), or phosphorus (Swift Countysite). Yields were measured in Octoberwith a plotcombine.

Summary of Results

Results were quitevaried. Atthe Swift County site,tillage system, variety, and Ridomil use had nosignificant effect on yield. The
broadcast application of phosphate improved yieldsin the conventional tillage planting system. Yields were in the range of50
to 55 bushels per acre.

Soybeanyield at the DakotaCounty site was not affectedbythe tillage system. Considering variety, the yield of Pioneer9071
was higher thanthe yield of9091. Theuse ofRidomil also increased yields at thissite. Yields rangedfrom 45 to 50 bushelsper
acre.

No-till reduced the soybeanyield at the Olmsted County site. Banded KjO increased yield inthe no-till planting system. Theyield
ofPioneer 9071 was slightly higher thantheyield of9091. UseofRidomil had no effecton yield at this site. Yields rangedfrom
35 to 45 bushels per acre.

Ingeneral, incidenceof PhytophthoraRoot Rotwas lowerwhen Pioneer 9071 wes plsnted in the conventionalplantingsystem
with the use of Ridomil. The effect of treatment on other disease development and nodulation was inconsistent.

11 Professor, Department of Soil, Water, and Climate; Professor, Department of Plant Pathology; Assistant Scientist, Junior
Scientist, Department of Soil, Water, and Climate; Assistant Scientist, Department of Plant Pathology, respectively.
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SOYBEAN YIELD IN SOUTHEASTERN MINNESOTA AS AFFECTED BY INOCULATION AND
NITROGEN FERTILIZATION

Fritz Breitenbach and George Rehm1'

Abstract

The soybean crop with adequate nodulation is capable ofmanufacturing needed nitrogen fromthe atmosphere.
Inthe past, use of nitrogenfertilizers has reduced nodulation. For this study, three rates of nitrogen fertilizer
(0,50,100 lb. per acre) were broadcast and incorporated before planting. Both inoculated and non-inoculated
soybeans were planted with each nitrogen rate. Nitrogen fertilizer use reduced nodulation, but had no
significant effect on the yield of soybeans.

Introduction

There is general agreement that soybeans which are adequately nodulated will not need a nitrogen fertilization program.
Excessive nitrate-nitrogen in the rootzone has been known to reduce the amount of nodules present on soybean rootsystems.
Yet, there were reports that nitrogen fertilizers would increase the yield of inoculated soybeans. Therefore, this study was
conducted to monitorthe effect of inoculationand nitrogenfertilization on early growth, nodulation, and yield of soybeans grown
in southeastern Minnesota.

Experimental Procedure

This study was conducted in the field of a cooperating farmer in Olmsted County. Two rates of nitrogen (50,100 Ib. per acre),
supplied as urea, were broadcast and incorporated before planting. An appropriate non-fertilized control was also used.
Inoculated as well as non-inoculated soybeans were planted at each rate of fertilizer nitrogen.

Soybean plants were dug inearly August Whole plants were driedand weighed. Soilwas carefullyremoved from the rootsystem
in the field. After washing, nodules were removed from the roots and fresh weights were measured. Soybean yields were
measured in October.

Summary of Results

Nitrogen fertilization increased plant growth of both inoculated and non-inoculated soybeans. This increased plant weight,
however, was not reflected in increased yields. With yields of approximately 45 bu. per acre, neither inoculation nor nitrogen
fertilization had a significant effect on yield. The use of nitrogen fertilizer decreased noduleweighton both inoculated and non-
inoculated soybeans.

Current plans call for repeating this study in 1996.

- IPM Specialist, Southeast Minnesota, and Professor, Department of Soil, Water, and Climate, respectively.
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SEED-PLACED FLUID FERTILIZER FOR SOYBEAN PRODUCTION

George Rehm, DaveHuggins, Gyles Randall, Andy Scobbie, ThorSellie, and Jeff VetscM'

Abstract

Fertilizationis important for soybean production. Yet, correct placement of immobile nutrients is difficultwhen
soybeans are planted with no-tilltechniques. In this study, three fertilizer materials were applied at two rates
in contact with the soybean seed. Seed placement reduced emergence. When planted in 8-inch rows, the
reduced emergence was not reflected in yields.

Introduction

Soybeans will respond to fertilization with phosphate and potash at low soil test levels. The immobile nutrients should be
broadcast and incorporated before planting for best results. This is not possible withno-till planting procedures. Seed placement
is one option for fertilizer use. This study was conducted to measure the effect of seed-placed fertilizer on emergence, early
growth, and yield of soybeans.

Experimental Procedure

This study was conducted at the Waseca and Lamberton Experiment Stations. Using a Tye Drill, soybeans were planted in a tilled
seedbed in late May. The row spacing was 6 inches. The soil test levels for P and K were high at both sites. Three materials
(7-21-7,4-10-10,10-34-0) were applied in contact with the seed (pop-up) at two rates at each site. A non-fertilized control was
used as a basis for comparison. Stand counts were taken. Early growth and nutrient uptake were measured. Yields were
measured in October.

Summary of Results

Allfluid materials applied in contact withthe seed caused a substantial reduction in emergence. Stand reduction at each site
increased as rate of fertilizer applied increased. The fertilizerapplied did improve the early growtii of soybeans and uptake of
P and Kincreased with the application of the fluid fertilizer. This methodof fertilization, however,did not produce a significant
reduction in yield. Apparently, soybeans seeded in narrow rows can compensate for some reduction in stand. Nevertheless,
seed-placed fertilizer caused a substantialreduction inemergence and shouldnotbe used as a method ofplacementforsoybean
production.

" Professor, Department of Soil, Water, and Climate; Soil Scientist, Southwest Experiment Station; Soil Scientist Southern
Experiment Station; Assistant Scientist and Junior Scientist, Department ofSoil, Water, and Climate; Assistant Scientist,
Southern Experiment Station, respectively.



144

SWINE MANURE APPLICATIONS FOR SOYBEAN

M.A. Schmitt, G.W. Randall, J.A. Lamb, J.H. Orf, and J.P. Schmidt1'

Abstract

Soybean may be a feasible alternative crop for manure applications. This study was designed to evaluate
the agronomic and environmental effects of applying manure for soybean. A series of manure and
commercial N application rates was applied for soybean at twosites. Prelimina/y, first-year results indicate
that soybean respond in a visual manner to added N.

Introduction

Pork producers commonly use a crop rotationof com-soybean. Inthis rotation, the majority of the manure is applied forcom.
However, soybean may be a feasible crop for manure applications as well, even though the benefit of the N in manure may
not be fully utilized. There may be several environmental benefits of applying manure for soybean, involving issues such as
residue, immobilization,erosion, nutrient uptake potential, and risk. The objectives of this project are to study the production
and environmental aspects of manure applied for soybean in a corn-soybean rotation. Emphasis will be placed on N cycling
and transformations in the soil as wellas varietal effects on N uptake and use efficiency.

Experimental Procedure

This study was initiated in 1995 at two locations-Morris and Waseca. Treatments consisted of several sweep-injected
manure rates from 1,500 gal./acre to almost 10,000 galVacre. A couple of these rates were also applied broadcast. A series
of commercial fertilizer N rates werealso applied to span the range of N from the manure rates. Soil N and plant uptake N
were measured throughout the growingseason and at harvest. Nodulatingand non-nodulating soybean isolines were planted
within each treatment and evaluated in terms of N uptake efficiency and recycling potential.

Summary of Results

Two trial sites were established in 1995 and all of the soil, plant and seed data have not been completely analyzed and
summarized. Preliminary observationsindicatethat added N, eitherfrom manure or commercial fertilizer, resulted in darker
green plant color, tallerplants, and quicker canopy closure. Although thereappears to be some treatment effects onseed
yield, additional data and analysiswill be required to answerthe researchquestions.

Status

This study was started in1995and isscheduled to continue through 1998.

11 Associate Professor, Department of Soil, Water, andClimate; Soil Scientist, Southern Experiment Station; Associate
Professor, Department of Soil, Water, and Climate; Professor, Department of Agronomy and Plant Genetics; Postdoctoral
Research Associate, Department ofSoil, Water, and Climate, respectively.
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SULFUR AND FOLIAR FERTILIZATION OF HARD RED SPRING WHEAT

George Rehm, Albert Sims, and RussellSeverson1'

Abstract

The effect of sulfur fertilization combined with foliar fertilization on the yield of hard red spring wheat was not
known. This study was conducted on a sandy soil in East Polk County to measure the effects of these
fertilization practices. Use of sulfur broadcast and incorporated before planting produced substantial increases
in yieldwiththe application of sulfate-sulfur producing the highest yield. Foliarfertilizationhad no consistent
effect on yield.

Introduction

Sulfur is recognized as an importantpart of the totalfertilizer programfor both com and alfalfagrown on sandy soils in Minnesota.
Response of small grains (especially hard red springwheat) to this nutrient is not known. There is also a possibility that foliar
fertilizeruse, when combined withsulfur applications, mightbe beneficial forproduction of hard red spring wheat grown on sandy
soils.

Experimental Procedure

This study was conducted in a field of a cooperating farmer in East Polk County. The soil had a loamy sand texture with an
organic matter content of 1.7%. Two sulfursources (sulfate-sulfur, elemental sulfur/clay mixture) applied at rates to supply 25
Ib. sulfur per acre were broadcast and incorporatedbefore planting. A no sulfurcontrolwas also used. All treatments received
the same rate of nitrogen, phosphate, and potash broadcast and incorporated before planting.

Two fertilizers(28-0-0,20-0-0-3)were applied to plots receiving the various sulfurfertilizers at either tillering or just after flowering.
These fluidmaterials were applied at rates to supply 30 Ib.nitrogen per acre. Yields and protein concentration in the grain were
measured.

Summary of Results

Use of sulfur broadcast and incorporated before planting produced a substantial increase in yield. Yieldswere relatively good
for a sandy soil (37-47 bo/acre). The sulfate sulfursource produced the highest yieldwhich averaged approximately 3 bushels
per acre higher than the yields produced by the elemental sulfur/claymixture. A response to sulfur would be expected when crops
are grown on a loamy sand with a soil organic matter content of 1.7%.

Use of foliarfertilizers at both growth stages produced inconsistent effects on yield. There was no obvious damage or bum from
the foliar application.

The concentration of protein in the grain was not affected by either sulfur use or foliar fertilization. In general, grain protein
decreased as grain yields increased.

* Professor, Department of Soil, Water, andClimate; Soil Scientist, Northwest Experiment Station; Extension Educator, West Polk
County, respectively.
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AMMONIUM-NITRATE NUTRITION OF HARD RED SPRING WHEAT

George Rehm, Albert Sims,and Russell Severson1'

Abstract

Based on previous research withcom, there was some thought that yields of hard red spring wheat might be
improved ifnitrogen was supplied in the ammonium form. In this study, nitrogen was supplied as ammonium,
nitrate, or a combination of both forms. Sulfurwas suppliedas either sulfate-sulfur or the elemental sulfur/clay
mixturein combination witheach nitrogen form. A control(no sulfur used) was also included in the study. The
form of nitrogen used had no significanteffect on grain yield and grain protein.

Introduction

Recently, various researchers have studied the effects of ammonium and nitrate nutrition on com production. Results have
generally shown that a mixture of ammonium and nitrate produces optimum yields. The effect of ammonium and nitrate nutrition
on wheat yield has not been clearly defined. This is especially true for sandy soils.

Experimental Procedure

This study was conducted in the field of a cooperating farmer in East Polk County. The soil texture was a loamy sand and the
soil organic matter content was 2.4%. Sources of sulfur(none, sulfate-sulfur, elemental sulfur/clay mixture)were combined with
nitrogenforms (ammonium, nitrate, mixture of ammonium and nitrate). Adequate rates of phosphate and potash were applied.
The sulfur sources were applied to supply 25 Ib.sulfur per acre. The forms of nitrogen were applied to supply 125 Ib. nitrogen
per acre. All fertilizer materials were broadcast and incorporated just before planting in late April. Grain yields and protein
concentrations were measured.

Summary of Results

Sulfur fertilization had no effect on yield at this site. Yields were quite good and ranged from 55 to 61 bushels per acre. The
organic matter content of the soil (2.4%) and lowsulfurdemand bywheat can explain the lack of response. At this site, the form
of nitrogen used had no significant effect on yield. Considering the rapid rate of nitrification in sandy soils, a significant effect of
form of nitrogen applied on yield was not expected.

Neither sulfur fertilization nor form of nitrogen used had a significanteffect on the grain protein percentage of hard red spring
wheat.

- Professor, Department of Soil, Water, and Climate; SoilScientist, Northwest Experiment Station; Extension Educator,West Polk
County, respectively.
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PHOSPHORUS MANAGEMENT FOR SPRING WHEAT UNDER INCREASED RESIDUE SYSTEMS

J.A. Lamb, G.W. Rehm, A. Sims, and B.J. Holder1'

Abstract

The second year of a three year study on hard red spring wheat was conducted at the Northwest
Experiment Station in 1995. The objective of the study was to characterize the effects of increased residue
production systems on soil phosphorus. Treatments included three residue levels, four phosphorus
fertilizer rates, and three application methods. Wheat grain yield was greatest with row application,
followed by broadcast applications, and the least with a knife application. In 1994, sodium bicarbonate
extractable P was greatest with band applications and decrease with time in all application methods.

Introduction

With conservation compliance many spring grain producers have had to alter their tillage systems to increase the amount of
residue present to reduce erosion. Little research has been done on the effect of residue on phosphorus fertilizer rate and
application method on spring wheat grown in the NorthernGreat Plains. The advent of increased residue farming systems
has caused changes in soil chemical, biological, and physical properties. These changes can affect the availability of
nutrients to wheat plants. Can soil or fertilizer phosphorus availability be affected by crop residue management and does the
placement of phosphorus fertilizer need to be different in situations where large amounts of residue are present as compared
to lesser amounts of residue? Research on winter wheat has shown a $5 to $10 per acre increase in profitability from use of
an efficient row placement of phosphorus over a broadcast placement The objectives of this study were to characterize the
effects of phosphorus fertilizer management under increase residue production systems on the soil phosphorus chemistry in
Northwest Minnesota.

Materials and Methods

Afield and laboratory study was conducted at the University of Minnesota's Northwest Experiment Station. In the fall after
small grain harvest, three residue treatments of no tillage, chisel plow, and moldboard plow (approximately 0,50, and 100
percent reduction of initial residue) were established. Four rates of phosphorus fertilizer (0,40,80, and 120 pounds
phosphate per acre) were applied with three different placements (broadcast, knife, and row). Triple super phosphate (0-44-
0)tfertilizer material was used. The broadcast and knife treatments were applied in the fall similar to what producers do. A
spring broadcast treatment of 40 pounds phosphate per acre was applied as a comparison between falland spring
applications and how that effects soil phosphorus dynamics. The row application occurred at planting and the comparison
between knife and row treatments willprovide the fall versus spring comparison for banded treatments.

The bands were marked and sampled four times followingapplication to determine the effect of soil on the availability of the
fertilizer material and the amount of labile phosphorus present at these times. The soil samples are being analyzed for the
following fractions: water soluble phosphorus, iron and aluminum phosphates, calcium phosphates, organic phosphorus, and
labile phosphorus, The labile phosphorus is being determined by two different procedures: resin extraction and iron and
aluminum oxide extraction.

Results and Discussion

This is the second field season for this study. Three factors were studied; residue level (plow, chisel, and nobill), phosphorus
placement method (fall knife, fall broadcast, spring broadcast, and row), and phosphorus fertilizer rate (0,40,80, and 120
pounds phosphate per acre). The average spring grain yield was 45 bushels per acre. Grain yield was significantly affected
by P rate and method of application. The P fertilizer response of 3.3 bushels per acre occurred with the first 40 pounds per
acre of phosphate applied. The row placement produced the best grain yield (47.2 bushels per acre) then broadcast (46.1
bushels per acre), and the poorest grain yields were from the knife treatments (44.9 bushels per acre). The residue level had
an effect at the 0.12 significance level. No-till treatments yield 40.3 bushels per acre, chisel yielded 44.6 bushels per acre,
and plow 50.3 bushels per acre. There were no interactions between the three factors.

The phosphorus bands from the knife and row treatments and the soil treated with broadcast applications were sampled to a
depth of six inches at three different times during 1994. In general the Olsen-P soil test values increased with increasing P
application rates. The banded applications (knife and row) had greater soil test values than broadcast and the effect of the P
application on soil test values decreased later in the growing season. The analyses of the 1994 soil samples for organic P,
calcium phosphate, iron and aluminum phosphates and all analyses for 1995 are still in process.

This is a report on the second year of a three-year project and is partially funded by the Minnesota Wheat Council.

- Associate Professor, and Professor, Department of Soil, Water, and Climate; Assistant Professor, Northwest Experiment
Station; Associate Professor, Universityof Minnesota, Crookston, MN, respectively.
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RESPONSE OF "GRANDIN" WHEAT TO POTASH, SULFUR, AND COPPER IN NORTHWESTERN MINNESOTA

George Rehm, Carfyle Holen, Bobby Holder, and Albert Sims1'

Abstract

Inrecentyears, the "Grandin" varietyof hard red spring wheat has appeared to be light green on large areas
of several fields in northwestern Minnesota. Potash, sulfur, and copper were applied in various combinations
to determine ifa deficiencyinone or moreofthese nutrients was responsiblefor the light green color. The yield
data incombination with results of soil tests indicate that the light green color, early in the growing season, was
caused by a shortage of potassium.

Introduction

In recent years, the "Grandin"variety of hard red spring wheat has appeared to be light green on large areas of several fields in
northwestern Minnesota. Comparative soil tests in combination with plant analysis indicated that this problem, which was most
prevalent early in the growing season, could be caused by a shortage of potassium, sulfur, or copper.

Experimental Procedure

This study was conducted in the fieldof a cooperating farmer in East PolkCounty. A site was selected where wheat yields in 1994
had been reduced by the light green color which affects early growtii. Various combinations of potash, sulfur, and copper
fertilizers were broadcast and incorporated before planting. The rates of potash, sulfur, and copper were 120,25, and 10 Ib. per
acre, respectively. All treatments received a uniform applicationof nitrogen(100 lbs. per acre) and phosphate (80 lbs. per acre).

Summary of Results

Wheat yields ranged from 38 to 44 bu. per acre. Lowest yields were measured when potash was omitted from the fertilizer
program. These results, when combinedwith the results of a soil test, indicatethat the stunting of this variety (Grandin) eariy in
the growingseason could be caused by a shortage of potassium.

- Professor, Department ofSoil, Water, and Climate; IPM Specialist, Northwest Minnesota; Associate Professor, University of
Minnesota at Crookston; Soil Scientist, Northwest Experiment Station, respectively.
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EVALUATION OF VARIABLE RATE PHOSPHATE APPLICATION FOR SPRING WHEAT

George Rehm, and Harold Stanislawski1'

Abstract

Variable rate fertilizer application is one example of new technology being used in agriculture. For this study,
variable rate phosphate application was compared witha uniform rate used for the production of hard red spring
wheat In 1995, both approaches to broadcast fertilization produced equal yields. The variable rate phosphate
application was at an economical disadvantage because of the added cost of sampling and fertilizerapplication.

Introduction

The concept of variable rate fertilizer application is new to Minnesota farmers. The capabilityof apply various rates of fertilizer
across the landscape offers opportunities for economic and environmental benefits. This management option, however, has not
been evaluated in detail in farmers' fields.

Experimental Procedure

This study was conducted in the field ofa cooperating farmer in West OttertailCounty. Aportionof a fieldto be planted to hard
red spring wheat was markedoffintogridcells in the fall of 1994. Following harvest of the soybeans, soil samples (0-6 inches)
were collected from each grid cell. The cooperating farmerwas asked to assign a yield goal to each grid cell. Phosphate
application(broadcast) was based on the combination of the yieldgoal and soil test values for phosphorus. Using variable rate
application equipment, phosphate was broadcast to one strip. The same amount of phosphate fertilizer used in this strip was
applied at a uniform rate to a second strip.

Adequate nitrogenwas appliedat a uniform rate to bothstrips. Wheatwas plantedin late April and harvested inAugust Aweigh
wagon was used for measuring yields. Grain samples were analyzed for protein.

Summary of Results

Grain yields were higher than expected. The yield from the strip, which received a variable rate of phosphate, was 63.7 bu. per
acre. The wheat, which received a uniform rate of phosphate, produced a yield of 63.5 bu. per acre. Method of fertilization had
no significanteffect on the protein content of the grain. Inthis study, the variable rate treatment was at a disadvantage because
of the added cost of soil sampling and variable rate fertilizerapplication.

11 Professor, Department of Soil, Water, and Climate; Extension Educator, West Ottertail County, respectively.
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EFFECT OF SULFUR SOURCE AND FREQUENCY OF APPLICATION ON THE PRODUCTIVITY OF IRRIGATED ALFALFA

George Rehm,ThorSellie, Andy Scobbie, and MelWiens1'

Abstract

The importance ofsulfur for alfalfaproduction on sandy soils in Minnesota is welldocumented. This study was
conducted to study the effect of split applications of this nutrient on production. Sulfur supplied as either SO„
or an elemental S/clay mixture was supplied at two rates (25, 50 Ib. sulfur per acre.) in either single or split
applications. In the seeding year (1995), none of the treatments had a significant effect on yield. The use of
fertilizer did increase the concentration of sulfur in alfalfa tissue.

Introduction

Sulfur in a fertilization program is essential foroptimum productionof alfalfaon the sandy soils of Minnesota. Mostof the previous
research withthis nutrienthas involvedsingle applications. This study was conducted to evaluate the effect of split applications
when compared to a single application in eariy spring.

Experimental Procedure

This study was conducted under irrigated conditions et the Irrigation Center at Staples. Two forms of sulfur (sulfate-sulfur,
elemental sulfur/clay mixture) were broadcast at rates to supply either 25 or 50 Ib. sulfur per acre in either single or split
applications. When split, Vfe of the sulfur was applied before planting and the remaining V£ was applied after the first cutting.
Adequate phosphate, potash, and boron fertilizerswere also broadcast and incorporated before seeding. Alfalfawas seeded on
May 10 and two cuttings were harvested. Whole plant samples from each plot were collected at each cutting. These samples
were analyzed for sulfur.

Summary of Results

In 1995, the seeding year, the applicationof sulfur had no significanteffect on alfalfayield. Rrst cutting yieldswere reduced by
weed competition. Total yieldfor the two cuttings was in the range of two tons of dry matter per acre.

The sulfur concentration in the alfalfa tissue was increased by sulfur fertilization. Sulfur contraction in alfalfanot fertilized with
sulfur was higher than .200%. Thisis considered to be the "critical" valueinseparatingsulfurdeficient from sulfur sufficient alfalfa.
The plant analysis and the yield information indicate that the sandy soilprovided adequate sulfur foralfalfa production in 1995.

Current plans call for this study to be continued in 1996.

11 Professor, Junior Scientist, Assistant Scientist, Department of Soil, Water, and Climate; Research Plot Coordinator, Central
Lakes Center, respectively.
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EVALUATION OF POTASSIUM SULFATE FOR ALFALFA PRODUCTION IN MINNESOTA
George Rehm, Thor Sellie, AndyScobbie, and Mel Wiens1'

Abstract

The importance of sulfur for alfalfa production on sandy soils is widely recognized. Less is known about the
effect of sulfur and chloride on forage quality. This study was conducted to measure the effect of sulfate and
chloride on the qualityof alfalfa forage. Treatments were topdressed to an established stand at the Irrigation
Center at Staples. In Goodhue County, the treatments were broadcast and incorporated before planting.
Compared to the appropriate controls, use of sulfate and chloride had no significant effect on forage quality.
Use of potash increased yield at the Goodhue County location. Use of sulfur increased yield at the Staples
location.

Introduction

There's ample evidence to demonstrate that potassium and sulfur will increase alfalfa production when these two nutrients are
needed in a fertilizer program. Potassium chloride (0-0-60) is the most widely used source of potash. The impact of either
chloride or sulfate supplied with the potash on the qualityof alfalfa produced is, however, not known. This study was designed
to measure the effect of sulfate-sulfur and chloride on production and quality of alfalfa.

Experimental Procedure

There are two parts to this study. Atthe Irrigation Center at Staples, treatments were topdressed to an established stand of alfalfa
seeded in the spring of 1994. In Goodhue County, the treatments were broadcast and incorporated before alfalfa was seeded
in the spring of 1995.

Two sources of K20were used (0-0-60, potassium sulfate). Appropriatecontrolswere used to evaluate the effect of sulfate-sulfur
and chlorideon yieldand quality. In addition,the impactof various rates of potassium was evaluated by adding various rates of
potassium sulfate to supply 60,120, and 180 Ib. K-,0 per acre.

Three cuttings were harvested at the Staples site. One cuttingwas harvested inthe seeding year fromthe Goodhue County site.
Whole plant samples were collected from each plot at each cutting. These samples were analyzed for protein content and
percentages of ADF and NDF.

Summary of Results

Alfalfa production at the Staples site was affected bysulfur use, but not bythe application of potash and chloride. Considering
total yields, use of sulfur increased yields by approximately .5 ton per acre.

Use ofsulfur and chloride had nosignificant effect on alfalfa production at the Goodhue County site. Yields were improved by
the application of potash at this site.

The measures offorage quality (protein, ADF, NDF) werenot affected bythe application of potash,sulfur, and chloride. This
observation was true for both sites.

This project will be continued at the Staples site in 1996.

11 Professor, Junior Scientist, Assistant Scientist, Department of Soil, Water, and Climate; Research Plot Coordinator, Central
Lakes Center, respectively.
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LIME SOURCE AND RATE FOR ALFALFA PRODUCTION

George Rehm, Mel Wiens, ThorSellie, and Andy Scobbie1'

Abstract

There are several liming materials that can be used for alfalfa production in Minnesota. This study was
conducted to evaluate the impact of sources and rate of application on production of alfalfa grown under
irrigatedconditions. Limeuse increased yield, but lime source had no effect on production. When applied to
supply the same rate of ENP, all liming materials had the same effect on yield.

Introduction

The importance of lime, where needed, for alfalfa production has been recognized for some time. There are several materials
that can be used to increase soil pH. There was a need to evaluate the effectiveness of these materials when applied at
equivalent rates.

Experimental Procedure

This study was initiated in 1993 in an irrigatedfieldof a cooperating fanmerin Wadena County. The soil had a sandy loam texture
and the initialpH was approximately 6.0.

Four liming materials (aglime, sugarbeet lime,Cutler Magner lime, Pel Lime) were broadcast at rates of supply 4,000,8,000, and
12,000 Ib.ENP per acre and incorporated in 1993. Two varieties of alfalfa were seeded in each lime treatment in the spring of
1994. The MN GRN 8020 variety is tolerant of nematode damage. The Wrangler 9369 variety is susceptible to nematode
damage. Alfalfa was harvested three times in 1995.

Summary of Results

In 1995, total dry matter production was in the range of 4.0 tons per acre. Compared to the control (no lime applied), liming
increased total production by approximately .3 ton per acre. A rate of 4,000 Ib. ENP per acre was adequate for optimum
production. All sources had an equal effect on yield and there was no significant rate by source interaction.

Considering varieties, higher yields were produced by MNGRN 8020. When averaged over all lime treatments, the yield
advantage was approximately .4 ton ofdry matter per acre.

v Professor, Department of Soil, Weter, and Climate; Research Plot Coordinator, Central Lakes Center; Junior Scientist, and
Assistant Scientist, Department of Soil,Water, and Climate, respectively.
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NITROGEN FERTILIZATION OF GRASS-LEGUME MIXTURES IN NORTH-CENTRAL MINNESOTA

George Rehm,ThorSellie,AndyScobbie, and Mel Wiens1'

Abstract

Grass-legume mixtures could play an important role in the diverse farm enterprises of North-Central Minnesota.
For this study, four rates of fertilizer nitrogen (0, 40, 80, 120 Ib. nitrogen per acre) were topdressed to
established stands of four forages (kura clover, kura clover plus orchardgrass, kura clover plus reed
canarygrass, kura clover plus birdsfoot trefoil plus orchardgrass) ineariy spring. Forage yields were measured
twice during the growing season and botanical composition was measured after the second cutting. The rate
of nitrogen applied increased the yieldof kuraclover as wellas the forage mixtures. The use of 80 Ib. nitrogen
per acre produced optimum yield. The highest yields were produced by the mixture of kura clover plus reed
canarygrass, and kura clover plus birdsfoottrefoilplus reed canarygrass.

Introduction

Forage crops are important to the diverse farm enterprises of North-Central Minnesota. Fertilization is one management practice
that can be used to improve the various forages grown inthe region. Grass-legume mixtures are popular. Yet, response of these
mixtures to nitrogen fertilization is not well known. Inaddition, there was a need to evaluate the use of kura clover as a potential
forage crop for the region.

Experimental Procedure

This study was conducted at the Irrigation Center at Staples. The forages (kura clover, kura clover plus orchardgrass, kura clover
plus reed canarygrass, kuracloverplus birdsfoot trefoil plus orchardgrass) were seeded in May of 1994. Noyieldswere harvested
in 1994.

InApril of 1995, four rates of nitrogen (0,40,80,120 Ib. per acre) were topdressed to the established stand of kura clover and
the mixtures. The forages were harvested twice. Whole plant samples were collected at the time that the second cutting was
harvested. Grasses were separated from legumes and the percentage of each in the mixture was determined on a dry matter
basis.

Summary of Results

Total forage production in 1995 was significantly affected by both nitrogen rate and the forage crop that was seeded. When
averaged overall crops, the optimum rate ofnitrogen was 80 Ib. per acre. When averagedoverall nitrogen rates, highest yields
were produced by the mixture of kura clover and reed canarygrass and the mixture of kura clover plus birdsfoottrefoil plus
orchardgrass. The purestand ofkuracloverproduced the lowestyield. Nitrogen fertilization increased the percentage of grass
in all forage mixtures.

- Professor, Junior Scientist,Associate Scientist, Departmentol Soil, Water, and Climate; Research Plot
coordinator, Central LakesCenter, respectively.
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RECYCLING DAIRY MANURE NUTRIENTS USING REED CANARYGRASS

M. Schmitt, G. Randall, C. Sheaffer, M. Russelle, D. hrers, R. Beck, W. Wedin, L. Greub, and P. Clayton1'

Abstract

An alternative crop for in-season manure applications is reed canarygrass. This study was conducted to
eveluate how manure management strategies can affect agronomic and environmental factors associated
with growingthis forage. Data collected in 1995, which in part, are affected by 1994 treatments, indicate
that reed canarygrass Is responsive to increasing N rates from manure or fertilizer sources. There have not
been any significant differences between broadcast and surface band methods of manure application. Split
applications that included one application in early spring appear to be superior to any other application
timing scheme.

Introduction

Many producers are forced into summer-time manure applications onto alfalfa. Because topdress applications often result in
higher-than-desired risks of crop injury, reed canarygrass was selected as an alternative. Reed canarygrass removes several
hundred pounds of N on an annual basis, is tolerant to manure application bum, is a perennial, and can provide somewhat
high-quality feed. This study is being conducted to evaluate several manure application strategies (including rate, timing, and
application method) for reed canarygrass.

Experimental Procedure

Manure rates ranging from 0 to 40,000 galVacreA/ear were applied onto established reed canarygrass plots in Waseca, MN,
Fort Dodge, IA, and River Falls, Wl. The basic set of application rates were broadcast applied after the second and third
cuttings. Inaddition, selected rates were also surface banded. Some manure rates were also applied in a single application,
or split between after the second cutting and after the third cutting or eariy spring. Commercial N fertilizertreatments were
applied at rates of 100,200,300 and 400 lb. N/acre/year. Forage yieldsand qualityparameters and N removal were
measured with each cutting. Soil N concentrations, stand density, and soil water nitrate-N content were also measured
during the year.

Results:

Somepreliminary observations anddata trends are apparent after onefull application/harvest cycle at River Falls and Fort
Dodge andtwo cycles at Waseca. Yields increased with each increasing rate ofmanure or Nfertilizer. Thus, significant N
loss to the atmosphere or immobilization/tie-up maybe occurring at the very high manure application rates. There have
been essentially nodifferences in forage yield between treatments when thebroadcast and surface band application methods
were compared. While therewere nodifferences between single andsplit applications delivered after the2ndand3rd
cuttings, thesplit application that included the April application date consistently provided higher yields.

Status

Project was started in 1993 and will continue through the 1996 growing season, after which a residual phase of this study is
planned.

* Associate Professor, Department of Soil, Water, and Climate; Soil Scientist, Southern Experiment Station; Professor,
Department of Agronomy and Plant Genetics; Soil Scientist USDA-ARS-MWA-PSRU; Soil Scientist and Agronomist,

Cenex/Land O'Lakes; Agronomist, Land O'Lakes Answer Farm; Professor, University of Wisconsin-River Falls; Agronomist,
Land O'Lakes Answer Farm, respectively.
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USING WATER AND NITROGEN MANAGEMENT TO REDUCE LOSSES CAUSED BY WHITE MOLD

George Rehm, Jerry Wright, Richard Meronuck, MelWiens, Andy Scobbie, and Thor Sellie1'

Abstract

White mold is a serious disease affecting the production of dry edible beans in Minnesota. This study was
designed to measure the effect of fungicide use, water management, and nitrogen management on the
incidence and severity of white mold. In 1995, none of the three factors studied had a significant effect on
incidence of white mold and subsequent yield of light red kidney beans. These three factors also had no
significant effect on plant height and canopy closure.

Introduction

Failure to control white mold can have serious negative effects on the yield of dry edible beans. Fungicides provide some control.
If canopy closure can be delayed, wind will penetrate the canopy, thereby reducing the severity of the white mold growth.
Irrigation management and timingfertilizer application should affect the degree of canopy closure. Therefore, this study was
conducted to measure the effect of nitrogen management, water management, and fungicide use on the incidence and severity
of white mold growth and yield of edible dry beans.

Experimental Procedure

This study was conducted at the Irrigation Center at Staples. The site selected had a history of white mold infestation. The three
factors of irrigation management, nitrogen management, and fungicide use were evaluated in all possible combinations.

For fungicide use, Benlate was applied at two times with2 Ib.per acre applied each time. Two soil moisture deficits were used.
For the lowdeficit, .5 to .6 inches of water was applied when the soilmoisture deficit reached .35 to .4 inches. For the high deficit,
.8 to 1.0 inches of irrigation water were applied when the soil moisture deficit reached .7 to .8 inches.

Three management options for nitrogen fertilizerwere used. The nitrogen rate was constant at 120 Ib. per acre. One-half was
applied two weeks after emergence. Then, 3 options were used. These were: 1) the remeining Vfe applied four weeks after
emergence, 2) the remaining Vz applied at bloom, and 3) the remaining Vz applied two weeks after bloom.

Plant heights and canopy width measurements were taken in late July and eariy August. Yields of edible beans were recorded
in September.

Summary of Results

Yield ofedible beans was notsignificantly affectedby any of the factorsstudied. With the light red kidney beans, there was not
enough vegetative growth to provide canopy closure. Therefore, white mold was not a serious problem in 1995. The factors
included did not have a significant effect on plant heightor canopy closure.

This study will be repeated In 1996.

- Professor, Department of Soil, Water, and Climate; Extension Agricultural Engineer; Professor, Department of Plant Pathology;
Research Plot Coordinator, Central Lakes Center; Assistant Scientist, and Junior Scientist, Department of Soil, Water, and
Climate, respectively.
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RATE AND PLACEMENT OF ZINC FERTILIZER FOR EDIBLE BEAN PRODUCTION

George Rehm,Thor Sellie,and Andy Scobbie1'

Abstract

The response of edible beans to zinc fertilization has been recognized for some time. There are, however,
several sources of zinc that can be used. In addition, the effect of rate and placement of zinc had not been well
defined. For this study, four zinc sources were either broadcast at a rate to supply 10 Ib. zinc per acre or
applied in a band at planting to supply both 1 and 5 Ib. zinc per acre. When compared to the control, the use
of zinc fertilizer did not increase the yield of navy beans at this experimental site.

Introduction

In Minnesota, zinc is usually applied in a fertilizer program for edible bean production if soil test levels for zinc are in the low or
very low range. The evaluation of various fertilizersthat supply zinc, their placement, and rate of application, however, was not
extensive. Therefore, this study was conducted in West-Central Minnesota in 1995.

Experimental Procedure

This study was conducted inthe fieldof a cooperating fanner in Lac Qui Parte County. The previous crop was wheat The soil
test for zinc, measured bythe DTPA procedure,was .5 ppm. Fourgranularsources of zinc were appliedto supply 10 Ib.zinc per
acre (broadcast) or both 5 and 11b. zinc per acre in a band at planting. Anappropriate control (no zinc applied) was also used.
All treatments were fertilizedwfth 120 Ib. nitrogen per acre (supplied as 46-0-0) and 100 Ib. 18-46-0 applied in a starter band at
planting.

The navy beans were planted in late May at a seeding rate of seven seeds per foot of row. Recently matured trifoliate leaves were
sampled at mid-bloom, dried, ground, and analyzed for zinc. Yields were measured in September.

Summary of Results

In1995, source, placement and rate ofzinc had no significant effecton yield. Eventhough the soiltest forzincwas low(.5 ppm),
the navy beans did not respond to the use of this nutrient These results are not consistent with results measured in previous
years.

The broadcast application ofzinc fertilizers increased the concentration of zincin plant tissue. Whenplaced ina band, use of
lower rates did not increase the concentration. The yields were in the range of3300 Ib. per acre. Yet, the soil was apparently
capable of supplying the needed zinc.

11 Professor, Junior Scientist, and Assistant Scientist, Department of Soil,Water, and Climate, respectively.
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TILLAGE COMPARISON AT ROSEMOUNT, 1995'

L M. Wallach, T. L Hansmeyer, D.R. Linden, K.L Walters, R.H. Dowdy, R.R. Allmaras, and C.E. Clapp2

r^

ABSTRACT: A long term tillage system study was initiated at Rosemount in 1991. Four tillage systems including
Conventional Tillage, Conservation Tillage, Ridge Tillage, and Minimum Tillage are used with continuous com and
corn/soybean rotations. Nitrogeninputs remained constant across all treatments planted to com with no nitrogen applied to
treatments in soybeans. The objective of the study is to determine the long term effects of various cropping systems on
herbicide movement, earthworm activity, grain yield, nutrient availability, nutrient uptake, root distribution, and soil quality.
Though only preliminary results are available for many of the objectives, enough information has been gathered to study grain
yield, com emergence, and surface residue.

SITE: An 18 acre site at the Rosemount Agricultural Experiment Station was chosen for study. The dominant soil type is a
Waukegon Silt Loam (Typic Hapludoll) which has 20 to 32 inches of silt loamoverlying calcareous sand and gravel with a
slope of less than 2%. The site was grid sampled forelevation and depth to gravel prior to plot layout

EXPERIMENTAL DESIGN: The site was separated into 36 plots of 0.4 acres each. A continuous com (CC or C1),
com/soybean (CS or C2) [com 1995], and soybean/com (SC or C3) [soybean 1995]rotations were planted into fourtillage
systems in a randomized complete block design withthree replications. The fourtillagesystems are described as follows:

Conventional (T1): Stalks are chopped in the fall. Plots are then moldboard plowed following com and fall chisel plowed
following soybeans. Diskto prepare seedbed. One ortwo cultivations after planting as needed.

Conservation (T2): Stalks are chopped in the fall. Plotsare then chisel plowed following com wfth no fall tillage following
soybeans. Diskand/or field cultivate to prepareseedbed for soybeans. Com is no-till seeded into soybean stubble. One or
two cultivations after planting as needed.

Ridge-till (T3): No fall tillage following com orsoybeans (stalks chopped inthe fall following com harvest). Planting done in
ridges formed by previous cultivation. Two cultivations following plantingto controlweeds and reestablish ridges.

Minimized Tillage (T4): Generally, no primary or secondarytillage is prescheduled. Tillage will be performedonlywhen soil
or weed conditions require attention. Cultivation performed only when determined necessary.

EXPERIMENTAL PROCEDURE: Allof the T1 plots and allof the T2 plots that were in com in 1994 were field cultivated prior
to planting. Com (Pioneer3751) was planted in the CC and CS plots across alltillagesystems on May 11. The seeds were
planted at a populationof 26,100 seeds/acre. Force insecticidewas banded over the rowon allcontinuous com plotsat a
rateof 8 oz./acre. Com emergence was counted from two 20' sections of rowin each plotperiodically forthe first four weeks
of growth. Round-up was broadcaston all no-till plots plantedto soybeans at a rate of 6 pt Round-up/acre on May 17.
Soybeans were planted on May 18 at a rate of 60 lbs/acre to a depth of 2". The Hodgson varietywas used whichcontains
2900 seeds/lb. Alltilledcom and soybean plots were rotary hoed to a depth of 2"on May 18 to eliminate small emerging
weeds. Lasso was broadcast on May 19 to all plots at a rate of 4 pt. Lasso/acre. Basagran was broadcast on June 2 to all
plots at a rate of 4 pt. Basagran/acre. On June 3, allCC and CS plots received 205 lbs. N/acre and were cultivated with a
Hinnicker Sweep. On June 12, ell T3C3 plots were cultivated with a 6 row shovel cultivator. Accent was broadcast sprayed
at the rate of 4 oz./acre on plots T4C1 and T2C1 on June 13. AllT3C3 plots were hand-weeded on June 14. Fusilede was
broadcast on T2C3 and T4C3 plots at the rate of 24 ozJacre on June 19. All T3C1 plots were cultivated with a 6 row shovel
cultivator on June 19. Plots T3C1, T3C3, T4C2, and T2C3 were cultivated wfth a 6 row cultivator to a depth of 3" on June 28.
AllT3C1 and T3C3 plots, as well as T3C2 (#23), were ridged on July 11. All plots were harvested on October 30. Tillages
were not performed in the fall as laid out in the experimental procedure due to the lack of time. Com stands were observed
and recorded during the season and the final plant population count was recorded on October 16.

RESULTS
YIELD: Grain yields and moisture percentages from all tillages and rotations are given in figures 1-3 and table 1. Within the
continuous com system, the grain yields from the conventional till plots out-yielded all other tillages, followed by the yields
from the conservation, ridge, and minimized tillages, respectively (fig. 1). The continuous com yields averaged over the past
four years rank the tillage systems differently. The four year average places conventional in front followed by ridge,
conservation, and minimized tillage.

'This projectwas supportedby the University of Minnesota Agricultural Experiment Station at Rosemount and the
USDA-ARS Soil and Water Unit in St. Paul.

2L M. Wallach, T. L Hansmeyer, D.R. Linden, R.H. Dowdy, R.R. Allmaras, and C.E. Clapp areAg. Research
Technician, Ag. Research Technician, Soil Scientist, Soil Scientist, Soil Scientist, and Research Chemist of the USDA-ARS,
St. Paul, MN. K.L Walters is Director of the Agricultural Experiment Station at Rosemount
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The 1995 com yields in the corn/soybean rotationcreated a different yield rankthan the 1995 continuous com yields and the
1994 soybean/com rotation yields, when comparing the 4 tillage systems. Conventional tillage yielded the highest, followed
by ridge, minimized, and conservation tillages (fig. 2). The four year average for the com/soybean rotation ranked
conventional first, followed by ridge, conservation, and minimized tillages.

The 1995 soybean yields in the soybean/com rotationwere greatest under the conventional tillage system, followedby ridge,
conservation, and minimized tillage (fig3). The 4 year average soybean yieldrankedconventional first, followed by
conservation, minimized, and ridge tillage. The complete difference in rankbetween the 1995 and four year average soybean
yields points to unpredictability.

The mean yield (figure 5) for each tillage system (forthe plots cropped in com in 1995 only) shows that conventionel tillage
produced the highest yield followed by conservation, ridge, and minimized tillages, respectively. This ranking is the same as
that in 1994. The mean yield across crop rotations (figure5) shows that the com/soybean rotation produced a higher yield
compared to the continuous com rotation. Statistically, this yield is highlysignificant at the 1% level when comparingthe
plots cropped to com only and was the only statistically significantyield difference found between treatments during 1995.

RESIDUE: The residue cover comparison after planting is shown in table 2 and figure 6. The conservation and minimized
tillage provideenough com and soybean residues on the surface to meet the erosion controlrequirements, which stipulates
that at least 30% of the surface must be covered et planting. Itmust be noted that in the conservation tillage plots, com is no-
tilled into the previous years soybean stubble leavingthe soybean stubble on the surface. The ridge-till plots provided
sufficient residue to meet conservation compliance under the continuous com and the soybean/com rotation. Ridge-tilling
buried a majority of com residue under the com/soybean rotation leaving only 17.8% surface residue. The conventional
tillage system did not provide enough surface residue to qualify for the residue requirements under either crop. It might be
expected that the soybean plots in conventional tillage would contain at least 30% residue cover over the winter since they
are chisel plowed in the fall, but the fall chisel plowed soybean plots (CS in 1995) only had 13.3% residue cover. This is
consistent with the previous years residue data, where the fall chisel plowed soybeans only left 9% surface residue.

EMERGENCE: Com seedling emergence was first recorded on May 23,12 days after planting. Most plots had between 0-
5% emergence at this time, except conventional tillageplots (CC and CS) which showed 12-20% emergence. Emergence
had increased greatly by the 16th day after planting, but the percentages were highlyvariable between the cropping systems.
This variability and slow start is presumably due to the spring soil moistures and temperatures. Figure 4 shows 3 different
com emergence trends. Conventional (CC and CS), ridge(CS), and minimized(CS) plots sprouted com quicklywith 76-84%
emergence 16days afterplanting. The second trend iswithin the conservation plots (both CC and CS) andthe ridge (CC)
plot where they had attained 49-60% com emergence after16 days. The lastand slowesttrend was seen inthe minimized
(CC) plot whereonly14% emergence was seen after 16days. The com emergence trendin 1995is fairly similar to the trend
seen previously, except thatin general the emergencenumberswere somewhat lower in 1995thanin 1994. Com seedling
emergence exceeded 80% forallcroppingsystems 21 days after planting.
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Table 1

Tillage

Conventional

(T1)

Conservation

(T2)

Ridge-Till
(T3)

Minimum-Till

(T4)

159

Grain yields for the tillage study
at Rosemount 1995.

Treatment

Rotation

Grain Yield

1995

bu/ac mt/ha

92-95 avg.
bu/ac mt/ha

ContCom
Com/Soy
Soy/Com

d

c2

c3

131.4

143.5

34.8

6.97

7.61

1.85

137.7

154.4

41.0

7.3

8.2

2.4

ContCom
Com/Soy
Soy/Com

d

c2

c3

121.9
128.3

33.2

6.46

6.8

1.76

127.0
141.5
40.5

6.7

7.5

2.3

ContCom
Corn/Soy
Soy/Com

d

c2
c3

111.3

132.6

34.3

5.9

7.03

1.82

130.4

149.7

39.7

6.9

7.9
2.3

ContCom
Com/Soy
Soy/Com

d

c2

c3

109.5

129.5

32.8

5.8

6.86
1.74

113.9

136.2

40.0

6.0

7.4
2.3

Table 2 % Residue Cover for the Tillage Study
at Rosemount, 1995

Treatment Residue Cover

Tillage Rotation % residue

Conventional

(T1)
Cont. Com (CC)
Com 95 (CS)
Soybean 95 (SC)

d

c2

c3

5.9

13.3

21.5

Conservation

(T2)
ContCom (CC)
Com 95 (CS)
Soybean 95 (SC)

d

c2

c3

37.8

43.0

48.1

Ridge-Till
(T3)

ContCom (CC)
Com 95 (CS)
Soybean 95 (SC)

C1

c2

c3

48.1

17.8

32.6

Minimum-Till

(T4)
ContCom (CC)
Com 95 (CS)
Soybean 95 (SC)

d

c2

c3

79.3

56.3

69.6
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ASSESSMENT OFTHE bJ+hOIS OF TILLAGE
AND MANUREAPPLICATION ON RUNOFF AND YIELDOF SOYBEAN AFTER CORN1

D.Ginting, J.F. Moncrisf, S.C.Gupta, S.D.Evans,GA Nelson, A Ranaivoson, and Andreas Naujoks2

ABSTRACT

TBIage andmanure interactions onsurface runoff arebeing evaluated at Mon^MN.Triis reseat isttiecorrlinuatjond erosion saidy for
continuous com during the1992-1994 period which wasthen planted tosoybean in1995. Waterequivalentofsnowfall during 1994-1995
winterwas 162 cm. Duetosnowtrapping bystanding residue, theamount ofsnowvraterea^rrvalent intheridge fill (RT) plots was58
percent of the snow fall compared to 12 percent inthe moldboard plow(MP)plote.This resultedIntotalsnwimjeftrunoff6£
intheRT(7.8 cm) compared to MP (12. cm)plots. Tillage, manure or manure bytillage interactions hadnosignificant effects onrainfall
runoff because rainfall was low intensity and occurred when thesoil was covered bysoybeanresidue aftersenescence.Theannual runoff
(November 1994-October 1995) was6 times greater In theRTthanMPplots. Soybean yield was720kg/ha higher inthe MP (^61Mg/ha)
than RT(1.89 Mg/ha) plots. Thedifference inyield wasduetogreateryield perplam ornumber ofseed perplant In MPthanRT plote.
Therewas nosignificant effect ofmanureofmanurebytfflage interaction on soybeanyield.

INTRODUCTION

The importance ofrunoff as a driving force ofnon-pointsource pollutants liesinthe significantassociation betweenrunoff, sediment,sediment
associated and soluble chemicals.Runoff isthe maindriving factorto carrythe sediments, sediment associated P and the soluble chemicalsto the
edgeoftheplote oncethesoil parrjcte oraggregates aredetached byrain drops. In Minnesota l»g, dairy andpourtryfamiingfeexte
manureapplication to landisa regular managementpractice forcropprodudfonHowevertog^ the nutrient beneBs from manure,itr^^
incorporated inthe soil.The cfflemma is:to whatdegree ofsoO curfivafion is necessary to irx»rporate manurew^
preventexcessive runoff and the associated erosive losses ofsedment and phosphorus.

Thisresearch is the continuation oferosion studystarted in1992.During the 1992-1994 period, thecropwascontinuous com. In1995,itwas
croppedtosoybean. During the winter, standingcom residue influenced theamountofsnowtrapped. Inthe summer, thecom residueand soybean
canopy affectedthe rainfall runoff. The specificobjectivesofthisstudyare:

1. To evaluatethe effectsof moidboard vs. ridgetillage incombination wilh ami withoutmarajreapplicarjon on surface runoff both fromsnowmeltand
rainfall.

ZTo evaluate the effects of tillage and manure on soybean yield. (*~\

MATERIALS AND METHODS

Tillage and manureinteractions on sedimentand phosphorus transport insurtaoerunoff are beingevaluated at Morris, MN. Soil at the experimental
site is Barnes roam (fine-loamy mixedudfcHaploborolls,12%slopewrhsouth-eastern aspect).T^
and ammonium acetate extractable Kwere8,17 ppm,23 ppmand 155ppmrespectively.

Theexperimental designisa randomized complete block with split plots andthree replications (tillage main plots and manure thesubplots). Twelve
erosion plots, 22 m by3 m (toaccommodate fourrowsofsoybean)weremarked and isolated using corrugated steel plates.Atthe end ofeach plot
the runoff was routed with a polyvinyl chloride (PVC) sheet (3mby.3m)andthenchanneledthrough a PVC pipeto a collecting system. Until August
1995, the collectjng system consisted ofthree barrels of210 Leach. Thefirst banrelatllecte verycoarse sedirnents.The overflow fr^
was channelledto the second barrel.Atthe second barrel,9 adjacent holesof 3.8 cm danieterwere drnied near the runofthe barrel.One ofthe
holes was connected to a PVC pipe of 33 cm Diameterwhich channelled Iheeaeessrurroff to the thirdbarr^
from the secorxl barrel to be collected In ttie thM bejrel. Theco^

considering thecurvenumber of71). Corrugated roofing wasplaced over thePVCsheetattheendoftheplots toavoid direct precipitation getting
intothe collecting system.

In September 1995, the barrel-collecting system was replaced with a tipping bucket systemlinked toan automated datalogger. Thisnew system
provided moredetaBed runoff data. Eachtipping bucketwas niade ofPVCsheete and caftorated for2.45Lforeach tto. Thet^
stationed ona platform alsomadeofPVCsheeting. On bothsides oftheplalform (the^ng sides ofbucket) a 25<mlx)le was oMed.Both iKries
were connectedto a 25 Lpale with 25<*n diameterPVCpipes.Tlierefore fromeach tJppirKj,1MmLrurKrt
P analysis (sediment and P data are pending). Thisprocedure resulted ma flow-weighted composite rurKffisamptevvhfcii was cd

Support for this project was provided by the Legislature Commission on Minnesota Resources. The
support is greatly appreciated.

2 . ,
D. Ginting, J.F Honcrief, S.C Gupta,and A. Ranaivoson are Postdoctoral Research Associates,

Professors, and graduate student, respectively in the Soil, Water, and Climate Department at the University of
Minnesota, St. Paul, MN, 5S108. S.D. Evans and G.A. Nelson are professor and Assistant scientist. West Central
Experiment Station, University of Minnesota, Morris, MN. Andreas Naujoks is a visiting scientist from
Christian-Albrechts-Universitaet zu Kiel, Germany.
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runoff event

Tillagetreatments include ridgeUllage and moldboard plowing systems. Inthe moldboard system,primary tillage infall was achievedwithmoldboard
plowing and followed inthe spring by a field cultivation prior to planting. Ridgetillage representsan intermediatelevelofsoilincorporations. Plant
residues were concentrated between plant rows duringwinterand spring. Ridgingwas done on 12 July 1995. Detailedcultural practices are
presented inTable1. Manuretreatments are with and withotrLSc^ beef manurewas appfted at the raraof56 Mg/haThe rnanu^
approximately161 kg P/na.

BeforeSeptember 1995, the runoff volume ineach barrelwas measured usinga calibrated dtostick. StartinginSeptember 1995, runoff was
measured with tipping buckets linkedto an automated data logger. Logarrhmic (base 10)transformatton of mrKxffdala was done prior
ofvariance using SAS,1986.The central tendency ofrunoff data te reportedas geometricmeans.

Soybeanwas planted onthetwelve erosion plots attheseeding rateof460,000 seeds/ha Seedirig was oone upanddown theslopa Herbicides
used forweed control are listed inTable 1. Grain and stoveryield, and the weightof100seeds weremeasured. Numberofplantswere tallied from
two3-m rowsat the flowering stage (18July,1995).Yield data and the associatedvariables are presented.

Comresiduecoverwas measuredusingthe One transectprocedure, tfagpnaDy acrosstlwrow and interrtwarea Trre
10-cm wide strip centered overthe row andthe"rnterrow area" wastheremainder. Measurementwere madeinquadruplicate for eachplot at various
tillage operations Le. before secondary tillage andbefore planting, after secondary tillage andafter planting, andat ridging. Thesurface residue cover
is presented inpercent

RESULTS AND DISCUSSIONS

Runoff

RidgeTill (RT) vs. Moldboard Plow(MP)

Comresiduecoverinthe interrow area was greaterinthe RTthanthe MPplots. InRTplots, over-winter surfaceresiduewas 76 percentand
increased to82 percent aftersoybean planting. Aslight increase ofresidue wasduetotheremoval ofresidue from the inrow tothe interrow area at
planting. TheHiniker planterwasequipped with clearing disks thatremoves residue from in row area. Theinrowcom residue after planting intheRT
plots was 24.6percentAfter ridging, com residue In the interrow area o^creasedto34peroertt Atridging, soaand residue wereremcAred from
interrow to inrow area bythe4&cmsweep which wasequipped with a lister. Inthe MP plots, comresidue overwirrterartd after planting was 3.0and
3.4 percent, respectively. The com residue inrowarea afterplanting inthe MPplotswas 3.4 percent

During the 1994-1995 winter, snowfall (waterequivalent) was 162 cm. Snowdepth (waterequivalent) measured twodays beforesnowmeft runoff
occurredin RTand MPwas 9.4 and 1&cm respectively. Greateramountofsnow toRTplote wasdue to stow trappirgrjystandingresidue.InMP
plots,due to lackofresiduecover, snow drifted fromthe plote. The arrourtofsnow inthe RTplote was 58 percert oftr» snow fane
percent inthe MPplots.Greater snow depth resultedingreatersnowmettrunoff fromthe RTplotscompared to the MPplots(Table2).There where
onlytwosnowmett ninoff evente (March 11 and 12)during the 1994-1995 winter. Totalsnowmelt runoff was 6.6 timesgreaterinthe RTcompared to
MP plots.As expected, the maineffects of manure (threeyears afterapplication) or the interaction ofmanure and tillage on snowmeltninoffwas not
significant(Table 2).

During the rainfall period (April-October 1995)the total rainfall was 67.9cm.Inthisperiod, four rainfall runoff eventswererecorded(September 29 and
30andonOctober2 and4).Therewas nosignificant difference intotal rainfall runoff between theRTand MPplots (Table 2). Therunoff events
occurred whensoybean leafwereshed. Therefore soybean leaves(in aoolon tocomresidue) werecovering IhegrourKl andresulted insimilw
runoff, especiallywhen the rainfall intensitywas low. The rrain effected manure or the irteracfontf
During the growing season "m 1992,1993and1994ithas beenobservedthatmanure reduced rainfaH ninoff mosty^
Therefore, the absence ofmanureeffectson reducing runoff was due tothe lowintensity ofrainfall.

The annual runoff (November 1994-October1995) wassignificantly different between theRT and MP plots (Table 2). Annual runoff was6times
greater intheRTthan MPplots. ForboththeRTandMP plots, srowmeftrunciff wasthemajor portion oftheannual rurraff. Inthe m
snowmett runoff was61 times greater thanrainfall runoff. In theMP plote, thesnowmelt rurwff was8.3tirnes cheater lhan
manure main effects ortheinteraction ofmanure bytillage were notsignificant (Table 2).

Soybean Yield

Soybean yield was significantly higher in the MP than RT ptote fTabte 3). Soybean yield mMP plote (£61 M^
plots (1.89 Mg/ha).The difference in yield apparently was not due to plant number or seed weight but due to the yield persoybean plantorthe
number of seed per plant Plant number and the weight of 100seeds were similar between the RT and the MP plots (Table 3). However, the yield
and number of seeds perplant were significantly greater in the MP than RT plots (Tabte 3). This was also shown by greater stoveryield mthe MP
than RT plots. This indicates that soybean growth wasbetter intheMP than theFTTplcte. The mam effectedmanure andtheinto
by tillage were ndsignificantongrain and stoveryield, nurrt>erdplante,weigMd 100seeds, yield per plarit and nun^
(Table 3).
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Table 1. Cultural practices at the West Central Agricultural Experimental Station, Karris,
MN.

Tillage Cropping History

1994 Fall Moldboard (Oct. 27, 1993) 1994-Coro Pioneer-3751

Spring field cultivation (Apr. 28, 1994) 1995-Lambert Soybean

Ridge tillage (June 24, 1994)
1995 Fall Moldboard (Oct. 27, 1994)

Spring field cultivation (May 16, 1995)

Ridge tillage (July 12, 1995)

Planting and Harvest Dates

Planting

Crop Date Bate Harvested

Soybean May 16, 1995 406,000 seeds/ha Oct. 16, 1995 Two rows of 15 feet long each

1992 Harare Analysis

Total Solids
ManHES Date MH4 U2J Mineral Organic N £ JJ DMRP Total Volatile fixed
source Ra£g_ £EBli£d %

Beef 56Mg/ha May 6/92 .215 .005 .220 .64 .860 .289 .668 0.114 29.12 84 16

Bate of applied and available H, p^o, and XjO and nop

Total
Manure Date m& KQ2 Mineral Organic N P2Q5 £2Q DMRP

sourqe Rate fiBElififl kg/ha

Beef 56 Mg/ha May 6/92 120 2.8 123 358 481 370 374 146

Soil

Barnes loam (fine-loamy mixed Udic Haploborolls, 12 % slope with southern aspect. Soil is high in organic
matter, and pH is 8.0. Initial soil test on Olson-P, Bray-P and K

are 17, 23 and 155 mg/kg respectively.

Heed Control

Lasso, 3.3 kg ai/ha + Glyphosate (1.7 kg ai/ha) as pre-emergent herbicide (May 18, 1995).
Basagran (1.1 kg ai/ha) + Poast (0.31 kg ai/ha) were applied (June 23, 1995).

Table 2. The effects of tillage and manure application on the snowmelt runoff, rainfall runoff, and the
annual runoff (November 1994-October 1995).

RIDGE TILL MOLDBOARD ftVeraffe , P>F VfltaeS,
No Man Man Avg Bo_£an Man Avg Mo Man Man Tillage (T) Manure (Ml T fry M

Snowmelt

Runoff M 88.7 69.2 77.6 11.2 12.3 11.7 30.9 29.5 .030 .828 .593

Rainfall

Runoff (nro) 1.31 1.21 1.25 1.37 1.46 1.41 1.34 1.33 .264 .902 .405

Annual

Runoff (ran) 89.1 69.2 77.6 11.5 12.9 12.3 38.0 30.3 .030 .836 .559
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Table 3. The effects of tillage and manure application on the soybean and stover yield, number of plants,
weight of 100 seeds, yield per plant, and number of seed per plant in 1995.

RID3E TILL MOLDBOARD

Mo Man Man

2.15 2.35

P>F Values

Ho Man Man

2.40

Avg

2.82 .009

(Tl (Ml T bv M

1.89 .265 .250

2.25 2.30 2.27 1.83 1.88 .029 .718 .984

309 315 312 309 308 .768 .982 .668

17.8 17.6 17.7 17.8 17.2 .248 .143 .268

7.84 9.01 8.42 7.04 7.66 .021 .508 .572

44.1 50.9 47.5 39.5 44.3 .033 .036 .683

»o Man Man

Yield (Mg/ha) 1.89 1.89 1.89

Stover (Mg/ha) 1.41 1.46 1.44

plants (1000/ha) 309 301 305

100 seeds (g) 17.8 16.8 17.3

Yield/plant (g) 6.22 6.32 6.27

seeds/plant 35.0 37.7 36.3
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PHOSPHATE FERTILIZER MANAGEMENT FOR CORN AND SOYBEAN PRODUCTION
IN TWO CONTRASTING TILLAGE SYSTEMS

George Rehm, George Nelson, AndyScobbie, Thor Sellie, and Sam Evans1'

Abstract

Managementof phosphate fertilizer forsoybean production on calcareous soils that have very lowor lowsoil
test levels for P has not been fully researched. The possibility of applying phosphate fertilizer prior to the
soybean crop instead of the com crop may offer potential for added profit. This study was conducted to
evaluate allpossible combinations of 1) rowspacing forsoybeans, 2) tillage system, 3) frequency ofphosphate
application, 4) phosphate rate, and 5) phosphate placement on production of com and soybeans grown in
rotation. In 1995, all factors studied had a significant effect on soybean yield.

Introduction

Traditionally, majoremphasis on fertilizer use is focused on com in the corn/soybean rotation. The possibility of applying
phosphatefertilizer priorto the soybean crop instead of the com crop has not been fully researched and may offer potentialfor
added profit. This is especially true where soybeans are grownon calcareous soils that have lowto very lowlevels of soil test
phosphorus. Placement options for phosphate fertilizer also needed further evaluation.

Experimental Procedure

This study was initiated in the fall of 1994 at the West-Central Experiment Station after com harvest. The study involved all
combinationsof 1) rowspacing (7,30 inch), 2) tillage system (fall chisel, no-till), 3) frequency of phosphate application (annual,
biennial), 4) phosphate rate (0,23,46,69,92 Ib. P2Os per acre), and 5) phosphate placement (band, broadcast). The phosphate
was applied in the fall of 1994. The chisel tillageoperation was completed after fertilizer application.

Soybeans were seeded in each tillagesystem ineither 7 -inch or 30-inch rows. A John Deere drill was used for planting Innarrow
rows. A conventional planter was used for the 30-inch row spacing.

Recently, matured trifoliates were collected from each plot at mid-bloom. These samples were dried, ground, and analyzed for
P to monitor P uptake. Grain yields were measured In October.

Summary of Results

In 1995, soybean yields were affected by all factors studied. When averaged over all other factors, yields were higher when the
chisel plowsystem is compared to the no-till system (47.2 bu./acre vs. 44.2 bu./acre). Considering row spacing and averaging
over all other factors, yields were higher when 7-inch rows are compared to 30-inch rows (53.4 bu./acre vs. 38.0 buJacre).

Averagingover other factors, yields were higher when the P205was broadcast rather than applied in a band (47.0 bu. per acre
vs. 44.7 bu. per acre). Yields increased as the rate of applied phosphate increased. With the very low soil test for phosphorus,
a response to phosphate fertilization would be expected.

This study will be continued in 1996.

- Professor, Department of Soil, Water, and Climate; Assistant Scientist, West-Central Experiment Station; Assistant Scientist
and Junior Scientist, Department of Soil, Water, and Climate: Soil Scientist, West-Central Experiment Station (retired),
respectively.
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