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Table 3. Dry matter production, and N utilization as influenced by turkey manure,
fertilizer and residual manure treatments - 1993.

Dry Matter N-Concentration N Uptake

Treatments 8-leaif silking
i

8-leaf silking 8-leaf silking

T/A % N -lb/A

Control 0.34 1.57 3.33 1.12 23 35

70 lb N/A in •91," 93 0.32 2.04 3.21 1.41 20 57

140 lb N/A in '91, '93 0.35 2.17 3.68 2.09 25 91

TM 4 T/A in'91, •93 0.56 3.30 3.62 2.00 40 131

TM 8 T/A in'91. '93 0.61 3.23 3.47 2.23 42 144

TM 4 T/A TM'92 none
»

93 0.42 2.48 3.64 1.84 30 91

TM 8 T/A TM'92 none • 93 0.54 3.08 3.85 2.03 42 124

TM 4 T/A in '93I 0.49 3.04 3.64 2.18 35 133

TM 8 T/A in '93I 0.58 3.20 3.72 2.31 42 147

P-Valve 99 99 33 99 99 99

LSD (0.05) 0.11 0.24 0.41 9 21

* TM is turkey manure.

Table 4. Grain and stover yields as influenced by turkey manure, fertilizer and residual manure

treatments - 1993.

Treatments

Grain N-Concentration

yield Stover Grain
Dry Matter Production N-Removal
Stover Grain Total Stover Grain Total

bu/a -% —T/A— •

Control 66 0.85 1.03 5.76 1.57 7.33 98 32 130

70 lb N/A in '91,'93 87 1.06 1.17 5.64 2.06 7.70 119 48 167

140 lb N/A in '91,'93 90 1.14 1.39 5.93 2.15 8.08 135 59 195

TM 4 T/A in'91,'93 118 0.96 1.46 5.83 2.81 8.64 111 82 193

TM 8 T/A in'91, '93 115 1.07 1.52 5.83 2.73 7.84 109 83 192

TM 4 T/A TM'92 none '93 94 0.77 1.24 5.11 2.24 7.90 87 55 142

TM 8 T/A TM'92 none '93 109 1.08 1.35 5.66 2.60 7.87 113 69 183

TM 4 T/A in '93 116 0.94 1.36 5.27 2.75 8.20 102 74 177

TM 8 T/A in '93 114 1.29 1.62 5.46 2.71 8.28 143 88 231

P-Valve 99 99 99 99 99 99 99 99 99

LSD (0.05) 8 0.10 0.06 0.39 0.20 0.39 14 6 14

* TM is Turkey Manure

Fertilizer and manure treatments had no influence on the amount of water that percolated through the soil profile in 1993, but did
influence the concentration and the amount of nitrate-N leached. Concentration of nitrate-N in the percolate water from manure
applied in 1991 and 1992, refleded increased concentrations of nitrate-Nin proportion to the rate of manure applied. Turkey manure
and commercial fertilizer applied in 1993 had relatively the same concentration of nitrate-N. Data colleded to date would suggest
a relativelylong impact associated with manure application as compared to fertilizer N. Turkey manure contains a relatively large
amount of N in the organic form. This organicN must be broken down before it is availableforcrop utilization and/or leaching. Better
methods forestimating available N from manure are needed, both during the year of application and in subsequent years.
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Table 5. Water percolation amount during 1993.

Planting Planting to harvest

Treatments 5/3 5/26 6/29 7/12 11/3

Control

70 lb N/A in '91,'93

140 lb N/A in '91,"93

TM 4 T/A in' 91, '93

TM 8 T/A in' 91, '93

TM 4 T/A TM' 92, none'93

TM 8 T/A TM" 92, none'93

TM 4 T/A in '93

TM 8 T/A in •93

P-Value

LSD (0.05)

1.2

1.6

1.0

1.5

1.3

1.2

2.3

1.2

1.8

99

0.7

-Inches of H,0-

1.5 1.7 1.2 0.0

1.6 2.2 1.4 0.4

2.3 1.7 1.1 0.2

1.9 2.0 1.1 0.6

2.3 2.0 1.2 0.5

2.4 2.4 1.3 0.3

2.6 2.0 1.3 0.6

2.7 2.2 1.0 0.3

1.7 2.0 1.0 0.3

99 30 43 61

0.7

Total

7.4

8.1

7.2

7.3

9.5

6.3

6.7

7.4

6.8

51

* TM is Turkey manure.

Table 6. Concentration of N03"-N in leachate as influenced by manure, fertilizer and
residual manure treatments in 1993.

Planting Planting to harvest

Treatments 5/3 5/26 6/29 7/12 11/3 Ave

ppm NOj"-•N-
'

Control 5.6 6.4 9.0 10.0 0.0 7.7

70 lb N/A in '91,'93 5.1 6.3 6.2 8.7 9.8 7.2

140 lb N/A in '91,'93 3.5 7.4 8.0 4.5 3.2 5.3

TM 4 T/A in'91,'93 3.9 6.5 9.0 8.8 4.8 6.6

TM 8 T/A in'91,'93 9.2 14.5 14.6 14.1 6.7 11.8

TM 4 T/A TM'92 none '93 5.7 11.5 13.8 10.8 9.1 10.2

TM 8 T/A TM'92 none "93 16.8 21.2 17.2 14.6 6.3 15.2

TM 4 T/A in '93 3.9 9.8 9.6 6.5 5.0 6.0

TM 8 T/A in '93 6.5 5.1 7.3 6.3 4.1 5.9

P-Value 99 99 99 99 72

LSD (0.05) 2.7 3.0 3.9 3.8

* TM is Turkey manure.

Table 7. Nitrate-N leached as influenced by manure, fertilizer and residual manure

treatments in 1993.

Treatments

Planting Planting to harvest

5/3 5/26 6/29 7/12 11/3 Total

nuJ «

Control 5.0 5.8 8.0 8.9 0.0 27.7

70 lb N/A in '91,'93 4.6 5.6 5.6 7.7 8.8 32.3

140 lb N/A in '91,"93 3.1 6.6 7.1 4.0 2.9 23.7

TM 4 T/A in'91,'93 3.5 5.8 8.0 7.8 4.3 29.4

TM 8 T/A in'91,'93 8.2 12.9 13.1 12.6 6.0 52.8

TM 4 T/A TM'92 none'93 5.1 10.3 12.3 9.6 8.1 45.4

TM 8 T/A TM'92 none'93 15.0 18.9 15.4 13.0 5.6 67.9

TM 4 T/A in '93 5.8 8.7 8.5 5.8 4.4 33.2

TM 8 T/A in '93 5.8 4.6 6.6 5.6 3.7 26.3

P-Value 99 99 99 99 72 93

LSD (0.05) 2.4 2.7 3.5 3.4

* TM is Turkey manure.
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Table 8. Soil N levels sampled before planting and at harvest 1993.

Treatments

Control

70 lb N/A in '91, '93

140 lb N/A in '91,"93

TM 4 T/A in'91, '93

TM 8 T/A in'91,'93

TM 4 T/A TM'92 none'93

TM 8 T/A TM'92 none'93

TM 4 T/A in "93

TM 8 T/A in '93

Ammonium

Depth Planting Harvest

ppm-

1 3.8 2.0

2 2.8 1.6

3 2.9 2.1

1 5.2 2.3

2 3.8 2.5

3 3.7 2.3

1 4.8 3.1

2 3.1 2.5

3 2.9 2.1

1 4.2 2.9

2 3.5 1.8

3 3.1 1.8

1 4.4 2.9

2 3.5 2.5

3 3.4 2.3

1 3.1 3.6

2 2.7 2.2

3 2.4 2.0

1 4.4 2.7

2 3.0 2.6

3 3.2 2.5

1 4.1 1.6

2 2.7 1.7

3 3.7 1.7

1 4.1 1.9

2 3.4 2.4

3 2.9 2.7

Nitrate Total Inorg.
Planting Harvest Planting Harvest

7.1

5.1

3.4

5.9

4.2

2.9

6.2

5.

3.

7.

5.

4.

8.

7,

4.

9.

7.

4.

13.

10,

10.

7.6

5.5

-ppm

2.3

1.8

0.8

2.9

1.6

0.9

4.4

3.2

1.4

5.7

3.6

1.7

27.1

11.6

8.7

4.1

2.2

1.3

5.9

2.7

1.8

5.0

'2.3

1.5

31.0

12.5

12.8

ppm

10.9 4.3

7.9 3.4

6.3 2.9

11.1 5.3

8.0 4.1

6.6 3.1

11.0 7.4

8.6 5.6

6.9 3.5

11.5 8.6

9.2 5.4

7.2 3.5

12.8 30.0

10.6 14.1

7.8 11.0

12.8 7.7

9.8 4.4

7.2 3.2

18.2 8.5

14.0 5.3

13.2 4.3

11.6 6.6

8.2 4.1

7.7 3.2

11.2 32.9

9.6 14.9

6.7 15.4

TM is turkey manure. Depth 1 ,2 and 3 correspond to (0-6), (6-12), and (12-18) inches.
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EVALUATION OF LIMING MATERIALS AND RATE OF APPLICATION FOR ALFALFA PRODUCTION ON IRRIGATED SANDY SOILS

G. Rehm, T. Selfe, and A.Scobbie"

ABSTRACT: The need for lime for profitableproduction d alfalfaon add sandy soils is wdl established. There are several
materialsthat can be used to meet these limerequirements. Thisstudywas conduded to evaluatethe effed ofvariousliming
materials for the production of irrigated atfaffa and subsequent change insoilpH values. Lime increased the yield of alfalfa
allsources had an equal effed on yieldifapplied to supply the same rate of ENP per acre.

Introduction:

The cost of Erne needed forprofitable alfalfa production is substantialinmany parts d Minnesota. There are some alternatives to the use d what
isusually described as "normal ag lime." Thesealternatives, however, needtobe evaluated infield situations. Therefore, this study wasconduded
to measure the effed of liming materials and rate ofapplication on alfalfa yield and soilpH.

Experimental Procedures:

Thisstudywas established inan irrigated field inWadenaCounty In the spring of 1990. Fourliming materials (ag lime, finely ground ag lime,
sugarbeet lime, Pel-Ume) were applied to supply3 rates of ENPper acre (4,321; 8,640; 12,960Ibiacre). Acontrol treatment was indudedbut
was notpartofthe complete factorial design. To provide another comparison, Pel-Lime was applied at a rateto supply 2,160lb. ENPper acre.
Each treatmentwas replicated fourtimes. Pld size was 10 ft x 15 ft

The liming materials as wdl as adequate rates of phosphate, potash, and sulfur were broadcast and incorporated before planting. Alfalfa was
seeded without a companion crop inApril at a rate of16 lb. per acre. Irrigation waterwas applied as needed forestablishment and throughout
the growing season.

Soil samples (0-6in.) were cdleded from the experimental site ineariyApril. The results are summarized inTable1. Twocuttings wereharvested
in 1990. Soil sampleswerecollededfrom each plot inthe fall and pH(soil and waterpaste)was measured.

Procedures for harvest and soil sample collection were quitesimilar in 1991,1992, and 1993. The first cutting was taken in earlyJune. Two
additional cuttings were harvestedeach year beforeSeptember6. Soil samples (0-6inches) were taken from each plot periodically to monitor
changes insoilpH. Appropriate statistical analysisprocedures were used to separate treatmenteffects.

Results and Discussion;

Alfalfa yields for 1990through 1993are reported inTable 2. Yields are expressed on the basisof tonsd dry matter per acre. Total growing
season yields are reported. Total yields retledthe responseshown by individual cuttings.

Except for the yearofestablishment (1990), the use of lime produced a substantial increase inalfalfa produdion. This increase was consistent
for 1991, 1992, and 1993. When totaled over the four years of production the yield increase, due to the initial application in 1990, was
approximately2.5 tons/acre.

Theapplication of4,321 lb. ENP peracrewasadequate for optimum production. Higheryields were expededfrom thehigher ratesapplied. This,
however, was notthe case inany produdion year. The use ofPel-Ume at a half ratewas notadequatefor optimum yields.

Table 1. Relevant soil properties (0-6 inches) at the experimental site.

Property Value

pH
phosphorus (Bray#1)
potassium
calcium

5.4

66 ppm
144 ppm
995 ppm

magnesium

sulfur

organic matter

128 ppm
5.8 ppm
3.0%

" Extension Soil Sdentist JuniorSdentist and Assistant Sdentist,Soil Science Department, University of Minnesota, respedively.
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Table 2. The effed of lim<i source andIrate of application ori the dry matter vielc1of imoated alfalfa.

Liming ENP

Rate

Year

Material 1990 1991 1992 1993 Total

ibJacre

0

. . nH . .

- 1.45 4.17 4.10 4.13 13.85

ag-time 4,321
8,640

12,960

1.62

1.62

1.47

5.05

4.88

4.96

4.64

4.91

4.64

5.20

5.32

4.82

1651

16.73

15.89

firmly ground
aglime

4.321

8,640
12.960

1.75

1.76

1.39

4.87

4.91

5.11

4.53

5.08

4.63

4.97

5.12

5.00

16.12

16.87

16.13

sugarbeet lime 4,321
8,640

12.960

1.71

1.54

1.56

5.02

4.97

522

4.72

4.49

5.03

4.95

5.08

5.07

16.40

16.08

16.88

Pel-Ume 2.160
4.321

8,640
12,960

1.39

1.54

1.53

1.40

4.44

4.96

4.68

4.73

4.41

4.64

4.73

4.44

4.76

527

5.19

5.07

15.00

16.41

16.13

15.64

When liming materials are considered,all were equallyeffectiveIf applied to supplyequivalent amounts of ENP peracre. Even thoughtherewere
substantial differencesin particle size of the materials, these differences had no impacton alfalfa yields. Ifdifferences didexist, they couldnot be
measured inthis study. There areseveralmaterials thatcan be used for liming purposes. These results indicate thattheireffectivenesscan be
equal to the effectiveness of ag-limeif particle size and a measurement titTotal Neutralizing Power is considered.

Sdl samples were collected from each ptotto a depth of 6 inches at 5 different times throughout the four years til the study. The resultsof the
analysis are listed inTable 3.

Table 3. The effed of lime source and rate of application on soil pH measured at a depth tit 0-6 inches

Liming
Material

ENP

Rate

FaD
1990

Fall

1991

Spring
1992

Fall

1992

Fall

1993

IbJacre

0

. . nH-

- 5.6 55

- - pn

55 5.5 5.5

ag-lime 4,321
8,640

12,960

6.0

6.1

6.1

5.6

5.9

6.1

5.7

6.0

5.9

5.7

59

62

5.7

55

6.0

firmly ground
aglime

4,321

8,640
12,960

62

62

6.5

5.7

5.7

5.9

5.8

5.9

6.1

5.8

5.8

5.9

5.9

5.8

6.0

sugarbeet lime 4,321
8,640

12.960

6.2

6.4

6.6

5.5

6.1

65

5.9

6.1

6.3

5.6

5.7

5.8

6.0

6.0

65

Pel-Ume 2.160
4.321

8,640
12,960

5.8

5.9

6.2

6.2

5.5

55

5.7

5.8

55

55

5.9

5.9

5.6

5.7

5.7

5.6

5.8

55

6.1

6.0

Umetreatments wereapplied inmid-April andincoiporated with a disk. In the fall of the same year(1990), there hadbeen some change insoil
pH. Except for the Pel-Ume source, the pH increased as therate of ENP increased. This wasexpeded. There were also expectations that soil
pH would go higher with the application of 12,960 lb. ENP peracre. In the fall of 1990, there maynothavebeen adequate time to reach an
equilibrium.
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Ifs obvious that there was a substantial dropin soil pH from the fall d 1990to the fall of 1991. There were no substantial changes from the fan
of 1991 through the summer of 1993 regardless of the treatment that was applied. This rapid decrease was not expeded and could not be
explained by our currentunderstanding of the concepts of soil fertility and liming.

Throughconversations withthe cooperating farmer, ft was learned thatthe irrigation wellhad been treatedwithadd inthe spring of 1991 to improve
pumping capacity. The irrigation system, itself, was immediately over the plotarea when the irrigation system was started following the add
treatment. Consequently, waterthat was veryadd was applied to the experimental area. This pumpingcaused a substantial decrease insoilpH.

Eventhough there was a substantial decrease insoil pH from the fall of 1990through the summerof 1993, therewas still an economic response
to the liming materials that had been applied in the spring of 1990. Plots that did not receive limewere invaded by weeds and there was a
considerable reduction inalfalfa stand. This is strong evidencethatliming, when needed, can affed the stand as wdl as the seasonal growth of
alfalfa.

Summary:

The results tilthisstudy,conductedover four growing seasons, illustrate the importance til liming for profitable alfalfa production. Total drymatter
yidd was increased by about2.5 ton peracrewhen limewas applied. Neither the rateof application inexcess til amountsof 4,321 lb. ENP per
acrenorthe source of lime hadany significant effed on yield.

The soilpH, measured inthe fall of 1990,changed as expeded. However, this change did not last long because of the add treatment of the
irrigation wed. After the pH reacheda new equilibrium, it remained relatively constantthrough the 1993growing season.

Even though therewas a substantial decrease in soil pH,the earlybenefitswere carried through the 1993 growing season. These resultsshow
that there are dearly residual benefits from the appropriate application of a liming material.
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EVALUATION OF RATE OF LIME NEEDED FOR OPTIMUM PRODUCTION OF FIVE LEGUMES IN NORTHCENTRAL MINNESOTA

G. Rehm, T. SelOe. A. Scobbie, C. Sheaffer, and N. Martin,/

ABSTRACT: Little is known about the lime requirements for legume crops that might be useful for hayand/or pasture crops
inNorth-Central Minnesota. Thisstudywas condudedto measure the response of five legumes(alfalfa, birdsfoot trefoi, cicer
milkvetch, kura dover, red dover) tothe application tilAg-Ume (0,2,4 tonsperacre). Total forage produced during the 1992
and1993growing seasonwas affededby both legume andlime use. A rate d 2 tons peracre was optimum for eachyear
forall legumes.

Introduction;

Legumes are a major component of a large number of farm enterprises in North-Central Minnesota. Therefore, ifs essential that farmers use
management pradices that provide foroptimum production of all legumes.

The majority of the soilsinthe region alsohavean add pH. Thismeansthat lime will be needed for optimum production. Limerequirements for
alfalfa are reasonably wdl established. Yet there are other legumesthatmight be satisfactory substitutes for alfalfa in either pasture or hay
situations. The Gme requirements for these alternative legumes are notwdl defined. Therefore, the studywas established to evaluatethe need
of alternative legumes for lime and comparethese needs to those of alfalfa.

Experimental Procedure:

Thisstudywasestablished on an irrigated sandysoil inWadenaCounty inthespring of 1991. Resultsofthe soil tests takenbeforelime application
are listed in Table 1.

For this study, three rates ofAg-Ume (0,2,000,4,000 lb. ENP/acre) were broadcast andincorporated before legume seeding inearly May. Five
legumes were seeded on May8,1991 ineach liming rate. Adequate phosphate,potash, and sulfurwere also broadcastand Incorporated before
seeding. Forage yieldswere not measured in 1991.

The phosphate, potash,and sulfur ratesweretopdressedto the estaWisl^standsineaityspringof 1992a/uiao^in ineariy spring of 1993. The
harvestschedules were the same for bothyears. The alfalfa was cut threetimes with the first cutting taken ineariyJune. Subsequent cuttings
weretakenat35-dayintervals. The otherlegumeswereharvested twotimesduring eachgrowing season. The first cutting was takeninmid-June.
The secondcutting was harvested in late August All forage yields arereported on a dry matter basis.

SoilSamples (0-6 inches) werecolleded from each plot inthe fail of both1992and 1993. These sampleswere dried and pHwas measuredwith
routine procedures.

Results and Discussion:

The forage yields for the 1992growing season are summarized inTable1. Total production was reducedby excessivelydryweatherIn Mayand
June combined withan irrigation system that did not function correctly. Even though total production was lowerthan anticipated, the application
of lime increased the yieldof aillegumes. The yidd increases were highest for alfalfa and red dover.

Table 1. The effed of rate of Aq-Ltme on the total forage yield of five legumes. Wadena County. 1992.

Ume Rate (lb. ENP/acre

Legume 0 2,000 4,000

- • ton dry matter/acre •

alfalfa 3.0 3.8 3.5

birdsfoot trefoil 2.8 3.0 3.1

doer milkvetch 2.0 22 2.4

kura clover 1.7 2.1 2.0

red clover 3.0 3.6 3.8

Forage yidds measured for the 1993 growing season aresummarized inTable 2. The data from each cutting are induded because the effed
of liming variedwith cutting.

" Extension Sdl Scientist Junior Scientist Assistant Sdentist Professor, Extension Forage Specialist University of Minnesota,
respectively.
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Table a The effed d rate ol Ag-Ume on forage yield of five legumes. Wadena County. 1993.

Ume Rate (lb. ENP/acre)

Legume Cutting 0 2,000 4,000

- ton dry matter/acre

alfalfa 1 123a' 1.81b 2.04b

2 2.42a 2.98a 210a

3

Total:

1.01a

4.66a

1.25b

6.04b

1.32b

5.46ab

birdsfoot trefoil 1 2.09a 2.55b 2.39ab

2

Total:

2.10a

4.19a

233b

4.88b

254b

4.73ab

cicer milkvetch 1 1.84a 1.84a 216a

2

Total:

1.67a

351a

1.90a

3.74a

1.92a

4.08a

kura dover 1 223a 260b 248b

2

Total:

1.47a

3.70a

1.61a

4.21b

1.51a

3.99ab

red dover 1 1.68a 1.97a 213a

2

Total:

2.16a

3.84a

2.74b

4.71b

247b

4.60b

Treatment averages in any rowfollowed by the same letter are not
significantly different at the .05confidence level.

When considering the legumeyidds averaged overthe rate d nmeapplied, alfalfa produced the highest yield. Lowed yields resulted from the
planting of both cicer milkvetchand kuradover. Yields resulting from the harvest of reddover and birdsfoot trefoil were intermediate.

First cutting yieldsof alfalfa were improved substantially by the use of lime. This was alsotrue for the third, but not the second cutting. When total
seasonal production is considered, the use of2,000 lb. ENPperacreincreased drymatteryield by approximately 1.5ton peracre. Additional lime
did not produceadditional dry matterforthis crop.

The response d birdsfoot trefoil was similar to the response titalfalfa. The application of2,000lb. ENPperacrewas adequatefor optimum yield.
Compared to alfalfa, the lime increased dry matter production by about .7 ton per acre for this crop.

The application of lime had no effed on the yield of cicermilkvetch. This legume is apparently able to tolerate lowsoilpH values.

Ume usage increased the yield of the first but not the second cutting d kuradover. Because of yidd increasesfor the first cutting, limehad a
significant effed on total forage producedfor the season. The ratetit2000 lb. ENP per acrewas adequate for optimum production.

In contrast to otherresponsive legumes,the first cutting yield of alfalfa was notaffeded by the use of lime. The rate of 2,000lb ENPperacrewas
adequate for optimumyield of the second cutting and thiswas also refleded in total yield.

Soil pH values are summarized inTable a The pH at the startof the studywas 5.6. The application of limedid increasesoilpH,but rateswere
not adequate for a pHof 6.5 The optimum yields, however, were associated with pHvalues inthe range of 6.0.

The data alsoshowthattherewas a consistent decrease insoil pHfrom the fall of 1992to the fall of 1993. Thisdecrease, however, was very
small and was consistent for all legumes. The legumethatwas grown had no effed on the decrease in soil pH.
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Table 3. The effed of rate of Ag-Ume on soil pHwhenfive legumes were grown on an irrigated sandysoil.

Sampling
Time

Ume Rate (lb. ENP/acre)
Legume 0 2,000 4.000

Pn

alfalfa 1992 5.5 5.9 6.2

1993 5.3 5.8 6.1

birdsfoot trefoil 1992 5.5 6.0 6.1

1993 5.3 5.9 6.1

cicer milkvetch 1992 5.6 6.0 62

1993 5.5 5.9 6.1

kura dover 1992 5.6 6.0 6.4

1993 5.4 5.9 62

red dover 1992 5.4 5.9 6.0

1993 5.3 5.7 62

Summary:

The results of this study conduded for a period til two years show that forage legumes that are adapted to the sandy soOs of North-Central
Minnesota will respond to the application til lime and a subsequent increase in soil pH. The magnitude of the response, however, variedwith
legume. Therefore, application of Ag-Ume should be a majorconsideration when all legumes are grown on the add sandy soils of the region.

The application of Ag-Umeresulted ina change insdl pH. Withthe ratesused, the pHdidnot riseabove 6.5. There is every reason to believe
thatthe use of higherrateswouldhave produced higher pHvalues. Therewas no major drop inpH from one yearto another. The dataindicate
that soil pH shouldremain relatively constant over a period til time ifthe recommended rate ol limeis used.
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DETERMINING POTASSIUM REQUIREMENTS OF ALTERNATIVE LEGUMES

G. Rehm, T. Sellie,and A. Scobb'iev

ABSTRACT: This study was conduded to determinethe need for potassium for five forage legumes grown on the sandy
soils of North-Central Minnesota Four rates of ICO (0, 75, 150, 225 to. per acre) were applied to five legumes (alfalfa,
birdsfoot trefoil, deer milkvetch, kura dover, redclover). Forage yields were recorded and the concentration of potassium in
plant tissue was measured. Potassiumuptake was computed from yield and concentration data Even though the soilted
for potassiumwas consideredto be low(87 ppm), therewas no yieldresponse to appliedKin 1993. Potassiumconcentration
and potassium uptakeincreased with rate of ICO applied.

Background:

The sanely sdbd North-Central Minnesota usually have a lowsdl test valuefor potassium (K). Pastresearch has shownthatalfalfa will respond
to potash fertilizers appliedto these soils. There are other legumes that might be adapted to the region and suitable for pasture and/or hay
production. There is, however, very little information that describes the potassium requirements for these legumes. Therefore, this study was
conduded to determinethe response of alternative legumes to potassium.

Experimental Procedure:

This studywas conduded inthe field tita cooperating farmer inTodd Countyfrom 1991 through 1993. Soil samples (0-6 inches)werecollected
prior to planting and the resultsof the analysis are summarized inTable 1. Adequate amounts of lime, phosphate,and sulfurwere broadcast to
each plotand incorporated witha disk prior to planting.

Table 1. Sdeded soil test values for the experimental site.

Soil Property Value

pH 6.6
P (Bray& Kurtz#1), ppm 92
K (IN ammonium acetate), ppm 87

Fourrates of ICO (0,75,150,225 lb. peracre)were used. These rateswere applied to alfalfa, birdsfoot trefoil, doer milkvetch, kuradover, and
red dover.

The experimental area was planted to com in 1990 and a disk was used to prepare a uniform seedbed prior to seeding. The legumes were
seeded on May6,1991. They were allowed to establish underirrigation in1991. Appropriate post emergence herbiddeswere used for weed
control.

The potashrateswere topdressed to the establishedstand inearlyspring of 1992and 1993alongwithadequate phosphateand sulfur. The alfalfa
was harvested3 times. Ail otherlegumes were harvestedtwice. Whole plant samples were colleded from each plot at each cutting and analyzed
for K. Potassiumuptake was computed from the dry matteryield and K concentration data Soilsamples (0-6 in.)were cdteded from each plot
in September, but have not been analyzed for K.

Results and Discussion:

Dry matteryields are summarizedin Table2 Yieldwas not affected by the application til ICO. This statement apples to yidds of individual
cuttingsas wellas totalyield. With a soiltest for K tit87 ppm, a responseto potash fertilization wouldbe expeded. There is no apparent easy
explanation forthis lack of response.

Considering the legumes,alfalfa produced the largest amountofdrymatter. The kura dover produced the lowestamountof drymatter. The other
legumes produced intermediate yidds.

The effed of rate of applied ICO on the K concentration in the legume tissuewas highly significant (Table 3). In general, the K concentration
increased linearly with rateof ICO applied. From thisdata, itwouldappearthatluxury consumption of K isa charaderistic of dl legumes induded
in the study.

As wouldbe expeded, the effed of rateof (CO applied on Kconcentration is consistent with the effed of rate of (CO applied on K uptake(Table
4). Potassium removal was highest foralfalfa followed by cicermilkvetch. The kuradover and red dover crops removed the lowestamounts of
K.

' Professor, Junior Scientist Assistant Sdentist Soil Sdence Department University ofMinnesota, respectively.
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Table 2 Effed of rate of applied potash on dry matter yield of five Table 4. Effed of rate of applied potash on potassium uptake bv
leoumes grown on an irrigatedIsandy soil. five leoumes arowni on an irrigated sandv soil.

Cutting
fCO Applied (ib/acre)

Legume Cutting
ICO Applied (Ibiacra)

Legume 0 75 150 225 0 75 150 225

- ton dry matter/acre - acre

alfalfa 1 1.50 1.46 1.53 1.46 alfalfa 1 62.5 772 87.6 905

2 1.41 1.69 1.57 1.60 2 56.6 78.4 822 94.8

3

Total

126

4.17

1.12

4.26

1.80

428

1.16

4.22

3

Totd

56.3

1755

63.4

219.0

732

243.0

76.6

2627

birdsfoot trefoil 1 2.02 1.96 1.92 1.90 birdsfoot trefoil 1 77.8 106.0 103.0 1075

2

Total

1.73

3.75

1.73

3.71

1.66

3.58

1.78

3.68

2

Total

67.1

1445

85.8

191.8

92.0

195.0

98.7

206.0

cicer milkvetch 1 2.04 201 207 2.44 cicer milkvetch 1 77.7 107.6 125.4 1795

2

Total

1.47

351

1.45

3.46

1.39

3.46

1.39

3.83

2

Total

65.6

1435

89.0

196.6

827

208.1

1092

2885

kura dover 1 205 1.99 203 2.14 kura dover 1 72.1 99.2 120.6 1459

2

Total

59

264

.65

265

.76

278

.75

289

2

Total

27.1

992

37.9

137.1

47.7

1685

53.5

1994

red clover 1 1.44 1.62 1.43 1.44 red dover 1 492 727 76.9 82.0

2

Total

1.63

3.07

1.69

3.31

1.71

3.14

1.59

3.02

2

Totd

55.4

104.6

79.8

1525

87.0

163.9

89.9

1715

Table 3. Effed of rate of appfied potash on % K in
leoumes grown on an irrigated sandy soil.

the tissue in five

Cutting
ICO Applied (ib./acre)

Legume 0 75 150 225

alfalfa 1

2

3

207

1.99

225

266

232

2.81

287

262

3.09

3.04

3.01

3.31

birdsfoot trefoil 1

2

1.92

1.95

270

245

268

279

2.83

277

cicer milkvetch 1

2

1.91

220

2.67

3.07

3.03

296

3.65

3.93

kura dover 1

2

1.75

227

245

289

2.92

3.13

3.39

357

red dover 1

2

1.71

1.67

224

234

271

254

286

284

With K removal by unfertilized alfalfa of approximately 175lb. per acre anda soil testof 87 ppm K, a response to potash fertilization would be
expeded. Theidentity ofthesource d Kusedbythecrop from this irrigated sandy soil isopen tospeculation. Therelease ofKfrom thefeldspar
minerals in an accelerated weathering processunderirrigation is, at thistime, the mod probable explanation.

Soil samples (0-6 inches) werecolleded from each plot inthe fall of 1993. These samples arecurrently being analyzed for Kandthe results were
not available at the time of preparation of this report
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SULFUR FERTILIZATION AND GROWTH OF FORAGE LEGUMES

George Rehm, Andy Scobbie, ThorSellie, Craig Sheaffer, and Neal Martin1'

ABSTRACT: The sulfur(S) requirementsofforage legumes other than alfalfa are notwelldefined. Thisstudywas conduded
to evaluate the effed of the application of three rates of fertilizer S (0, 25, 50 bVacre) on the yidd of five forage legumes
(alfalfa, birddod trefoil, cicer milkvetch, kuraclover, red dover) grown on an irrigated sandy soil. Totaldrymatter production
for the1992growing season was affededbylegume butnd therateofS applied. Thesame conditions werereachedfrom
the analysis of yield data for 1993.

Sulfur (S) is known to be essentialforfertilization ofseveralcropsgrown onthe sandy soilsd Minnesota. Severalresearchtrials have shownthat
an annual application tit 25 lb. S peracre is neededforoptimum alfalfa production whensoilsare sandy. However, the S requirements ofseveral
alternative legumes have not been clearlydefined. Therefore, this study was conduded to deteimine the response tit birdsfoot trefoa, deer
milkvetch, kura dover, and red dover to S fertilization. Alfalfa was induded as a standard forcomparison.

Experimental Procedure:

Thisstudywas initiated inthe fiddofa cooperating farmer inWadena County inthe spring fo1991. Soil samples (0-6inches) werecollededprior
to planting. The pH was 5.6; the Bray& Kurtz #1 sdl test for P was 49 ppm; K by ammonium acetate extraction was 126 ppm; the S04-S
measured was 1.7 ppm, and the organic mattercontentwas 2.4%. Adequateamounts of Ag-Ume, phosphate, and potash were broadcast to
the ptotarea and incorporated witha diskpriorto planting.

Three rates of S (0,25,50 lb. per acre) were apptied to each tilfive legumes(alfalfa, birdsfoot trefoil, cicermilkvetch, kuradover, red dover) in
a complete fadorial designwith four replications. A moldborad plow and diskwere used for seedbed preparation. The legumes wereseeded
on May6,1991. The legumes were allowedto establish under irrigation in 1991 and no yieldswere recorded. Weed controlwas achieved with
appropriateuse of post emergence herbicides.

The S rates were reapplied to the established plotsinthe spring of1992and 1993. Granular gypsumwas used to supplythe S. Adequate rates
of phosphate and potash were also topdressed to the establishedstand each year.

The alfalfa was harvestedthree times. The otherlegumeswere harvested twice. Whde plantsamples werecollededfrom each plotat harvest,
dried, and ground for analysis for S. That analysis has not been completed at the time of this writing.

Results and Discussion:

The totalamountof forage produced in 1992was significantly affectedby legume,but not by the rate of S applied(Table1). In 1992, the alfalfa
and red clover produced the highest yield. Lowed yields resulted from the cicer milkvetch and kura clover. Yields from birdsfoot trefoil were
intermediate.

Table 1. Effed of rate of applied sulfuron tdal dry matter production d five
forage legumes in 1992

S Applied (IbVacre)
Legume 0 25 50

alfalfa
birdsfoot trefoil

deer milkvetch

kura dover

red dover

3.08

277

1.63

1.53

3.33

- - ton dry matter per acre - -

3.30

320

1.73

1.80

3.11

320

3.00

1.98

1.75

3.45

In 1993, yieldswere significantly affected by legume, but not the rate of S applied(Table2). The lack of a response to fertilizer S is difficult to
explain. This is especially true foralfalfa Apparently, the excessively wd weathercombined with widely fluctuating temperatures accderated
mineralization of soil organic matter. Ifmineralization is accelerated, more S is released and availableto the crop.

" Extension Soil Scientist, Assistant Sdentist Junior Scientist Professor, and Extension Specialist-forage crops, University of Minnesota,
respedively.
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Table 2. Effed of rate of applied sulfur on forage yields of five legumes measured in 1993.

Legume Cutting 0 25 50
- - - ton dry matter/acre- -

alfalfa 1 1.06 .86 .94

2 1.34 1.40 122

3

Total

1.14

3.54

1.18

3.44

151

3.67

birdsfoot trefoil 1 2.58 259 2.48

2

Totd

203

4.61

226

4.85

2.08

4.56

cicer milkvetch 1 209 1.94 218

2

Totd

1.72

3.81

1.58

352

1.60

3.78

kura dover 1 2.67 273 2.50

2

Total

128

3.95

1.40

4.13

1.41

3.91

red dover 1 204 223 1.96

2

Total

239

4.43

273

4.96

227

4.23
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MATCHING PLANT POPULATION AND FERTILIZER MANAGEMENT FOR PROFITABLE CORN PRODUCTION

D. Allan, G. Rehm, J. Johnson, A. Scobbie,T. Sellie, and D. Hicks"

ABSTRACT: This study was initiated to investigatethe relationship between plant populationand fertilizer management. The
results fromthe 1993 growing season are summarized inthis report The response of com to planted population and potash
fertilizer managementin1993was consistent with the responsemeasuredin1992even though comgrowth and development
was hinderedbythe excessivelycooland wet growing season. Aplantedpopulation of33,000 plantsper acre was adequate
foroptimum silageand grain yidd. Whensdl ted valueswere low, therewas a strongresponse to KjO use with 40 lb. ICO
per acre appliedina starter equivalent to the broadcastapplication d 200 ib. ICO per acre. Rootdensityat the lowKsite
was affeded by both plantedpopulation and potash fertilization. There was a generaldecrease in average root length per
plantwhenthe planting densitywas increased. The potashfertilization caused higherrootdensities and deeper development
d rootsinthe inter-row area. Eventhoughrootdevelopment was probably hindered by coolerthan normalsoiltemperatures,
this observation has Important implications for rootdevelopment in dry years.

Introduction:

Com plant populations used by Minnesota farmers have increased slightly during recent years. Research conducted in the Department of
Agronomy and PlantGeneticsoverthe last five years showedmarkedincreasesingrain yield when populations were increasedto 40,000plants
per acre with high soilfertility levels. This population representsa 70% increaseovercurrent averages. Before recommendations can be made
forhigherplantpopulations, it is necessary to fine tune the plant density and fertilizer managementinteractions fora range of fertility conditions.

Objectives:

The broadobjective ofthis research projed is to determine the fertilizer use strategiesthat result inthe mod effident use ofP and Kovera range
ofplant densities whencom is grown on soilstesting either low or high foreither P and/or K.

Specific objectives are to determine the effedofplant population and fertilizer management strategies on:
- total dry matter yield
- grainyield
• earlygrowth ofcom
- root distribution and density
- nutrient uptake eariy in the growing season
• residual N03-N inthe soil aftermaturity

Results and Conclusions:

In 1993, the study was limited tothe evaluation of potash fertilizer management in combination with five plant densities. Two sites with widely
different soil test values for Kweresdected in Goodhue County. The results tit analysis d soil samples colleded before fertilizer application are
summarized in Table 1.

Table 1. Relevantsdl ted values for the experimental sites used in 1993.

Parameter Depth HighK "LowK

pH
In.

(06) 7.3 7.1

P (Bray#1,) ppm (06) 70 21

K (1N NH/3JHA), ppm (06) 226 92

(6-12) 146 68

(12-24) 98 96

(24-36) 89 94

Soil ted values for Kwere substantially different toa depth of 12inches after which they were nearly equdfor both sites. Broadcast fertilizer
treatments were applied in IdeApril and com was planted on May 7. Each treatment received some phosphate (23 lb. PA/acre) in astarter band
atplanting. The Nwas supplied as46-0O ata rate to supply 180 lb. Nfccre that was ircorporateddong with the broadcadO^eObdore planting.
Com followed a 1992 soybean crop at both locations. Thehybrid usedatboth sites wasAsgrow RX578.

Adetailed soil sampling pattem was used at58and 72days after emergence in an effort to measure root density. Whole plants were also
colleded when root samples were taken. These samples were dried, weighed, ground, and analyzed for K. Potassium uptake was computed.

" Associate Professor, Professor, GraduateResearchAssistantAssistant ScientistJuniorSdentist,Soil ScienceDepartment; Professor,
Department ofAgronomy and PlantGenetics, University of Minnesota
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Total dry matter at physiological maturity and grain yields were measured. Soil samples were colleded toa depth of3 feet after harved and
analyzed for NO,N.

The standcountwas takenapproximately 50 days after planting andthe results aresummarized inTable2

Table 2 Measured stand at approximately 50 days after emergence.

Desired Site
Population Low K High K
plants/acre - - - plants/acre- - -
23,000 22,542 23,850
28,000 28,641 29,730
33,000 31,418 33,324
38,000 35,120 37,462
43,000 39.912 42,689

Formod densities, the measured emerged stand was dose to the desired population.

Dry matter yields for the 1d and2ndsamplings for thesitehaving a low soil ted for Karesummarized inTable 3. Similar yidds for thesitehaving
the high K ted are tided inTable 4.

Table 3. The effed d plant population and managementtit potashfertilizer and
drymatter production of young plants at the low Ktesting site.

Desired Population (plants/acre)
ICO

Applied Placement 23,000 28,000 33,000 38,000 43,000
lb/acre Ibyacre

1st sampling:

0 - 300 386 386 449 324

40 starter 342 412 426 493 481

100 broadcast 369 451 432 449 533

200 broadcad 309 380 472 435 528

2nd sampling:

0 - 1948 2360 2026 2483 2256

40 starter 2074 2385 2468 2741 2522

100 broadcast 2023 2466 2673 2537 2909

200 broadcad 2126 2416 2171 2289 2931

At the lowtestingsite, dry matterat the time of the 1d sampling was affectedby both planted population and management titthe potash fertilizer.
When averaged overdl fertilizer management options, the use of ICO increased the drymatter production atthe first sampling. When compared
to the control, addition of potash increaseddry matterproduction withstarter beingequivalent to broadcad applications.

For the 2nd sampling, treatmenteffects were similar to those measured for the first sampling. Agdn, use of 40 lb. ICO peracre (Table 4) ina
starter fertilizer produced dry matter thatwas equivalent to drymatter production resulting from broadcad applications. For bothsamplings, there
was no significant interaction between planted population and management options for potash fertilizer.

Table 4. The effed of plant population and managementof potashfertilizer and
dry matter production d young plants at the high Ktesting site.

Desired Population (plants/acre)

ICO
Applied Placement 23,000 28.000 33,000 38,000 43,000
IbVacre Ibyacre
1st sampling:

0 - 313 367 402 425 597

20 starter 307 425 454 499 564

2nd sampling:

0 - 2265 2884 2777 2923 3438

20 starter 2445 2808 2784 3110 3383
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Dry matterproduction by youngplants was affeded by the planted population, butnotthe use of ICO ina starter, at the sitewith the high soil test
forK (Table 4). There was no significant interaction between planted population and potash fertilizer use at this site.

All plantsamples have been groundand submittedto the Researchand Analytical Laboratory for Kanalysis. This analysishas notbeen completed
at the time of preparation of this report

Dry matter yields measuredd physiological maturity aresummarized inTables 5 and 6. At the sitewith the lowKtest both potash fertilization
andplanted population increased the total amount ofdry matter produced (Table 5). Optimum dry matter production wasachieved with a planted
population of 33,000 plants per acre. When averaged over all planted populations, the use of 40 lb. ICO per acre in a starter fertilizer was
equivalent to the broadcast application of both100 and 200 lb. ICO peracre.

Table5. The effed of planted population and application of potash fertilizer on total
dry matter production atthesite having a tow sdl testvalue for K.

ICO

Rate Placement

lb/acre

0

40 starter

100 broadcast

200 broadcad

Planted Population (plants/acre)

23,000 28.000 33.000 38,000 43,000

ton dry matter/acre
5.15 5.34 5.55 5.77 5.47

6.22 6.34 6.16 6.53 6.14

5.50 5.92 6.36 6.14 5.93

5.41 6.19 6.77 6.70 6.23

For the sitewith the high K soil ted, total dry matter yidd was affeded only by planted population (Table 6). As was the case with the sitewith
the low Ktest the optimum planted population was 33,000plants peracre.

Table6. The effed of planted population and use of potashin a starter fertilizer on
total dry matterproduction at the sitehaving a high soil ted for K.

Desired Population (plants/acre)
ICO

Rate Placement 23,000 28,000 33,000 38,000 43,000

Ibyacre ton dry matter/acre
0 - 6.63 7.06 7.01 7.68 7.67

20 starter 7.00 6.93 7.41 6.95 7.21

The treatment effects on grain yield were consistentwith the effectson totd drymatterproduction at the sitewith the lowsoil ted for K (Table 7).
The highestyields were associated wftha planted population of 33,000plants peracre. Yidds resulting from the use of 40 lb ICO peracrein a
starter were equivalent to yidds resulting from the broadcad application of 100 and 200 lb. ICO per acre. At this site, the effed of ICO
management option on eariy growth of com was refleded in find dry matter and grain yields.

Table 7. The effed of planted population and application of potash fertilizer
on comgrain yield at the site having a low soil ted for K.

Planted Population (plants/acre)

ICO

Rate Placement

lb/acre

0 -

40 starter

100 broadcad

200 broadcad

23,000 28,000 33,000 38,000 43,000

cu/acre

111.4 1192 124.1 115.7 114.7

122.0 123.7 130.6 130.3 124.4

124.1 126.5 124.8 118.5 110.8

1222 128.9 129.2 125.5 1125

Yieldsin 1993were notas high as expeded because tilthe cool, wet growing season. Yet, effectsof plant population werecons'ident overttiree
years including the highlyproductive year of 1991.

Grain yidd at the site wfth the high sdl ted for K was not affeded by either the plant population or the use of 20 lb. ICO per acre in the starter
fertilizer (Table8). These resultsare nd consistentwiththose of the previous two years. However, the excessively cooland wet growing season
may have affeded the yidd response to plant population.
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Table 8. The effed of planted population and use of potash in a starter fertilizer on com
grain yidd at the site having a tow sdl ted for K.

Desired Population (plants/acre)
ICO

Rate Placement 23.000 28,000 33,000 38,000 43,000
Ibyacre buiacre

0 - 138.3 141.5 144.8 141.8 1335

20 starter 145.8 1425 132.8 135.5 134.3

In 1993,core samples were taken at 58 and 72 days afterplanting for measurementof root density. At each sampling, cores were taken to a
depthof 24 inches at 3,6, and 12 inches from the row. The coresweresubdivided into depth increments of 0-3,3-6,6-12, and 12-24 inches.
Soil was washed from the roots and root length was measured. Rootdensity was notmeasured for eachtreatment Two plant densities (23,000,
33,000 plants per acre)were seleded at both sites. At the low K site, the control, 100 lb. ICO peracre, and 200 lb. iC,0 per acre broadcast
management options weresampledfor eachdensity. The control onlyateachofthetwoplant densities was sampledatthe high Ksite. Sampling
date was based on stage of growth rather than days afterplanting. The coolweatherdelayed growth in 1993. Consequently, the days after
planting used forsamplingwere not consistentwiththose in 1992.

In both 1992 and1993, there wasa general increase in root density (root length per unit volume ofsoil, cm/cm3) with thehigher planted population
for the fird sampling date. The percentage increase was less in1993(20%) compared to 1992(50%) atthe lowKsite. Thistrend, however, was
reversed at the high K site in 199a At thissite, the root densitywas 30%higher at the planted population tit 23,000plantsper acre.

Root density can also be computed on an individud plantbasts. When this calculation is made, there is a very different trend (Table 9). At 46
days afterplanting in 1992, the average lengthtit rootperplantincreasedonlya few percentwiththe higherplantedpopulation. At 59 days after
planting in the same year,the averageroot densitydecreased by 14%(high K site)to 41% (tow Ksite)when the planted population increased
from 23,000 to 33,000 plants per acre.

At 58 days after planting in 1993 (fird sampling), root length per plant decreased by 16-18% when planted population increased from 23,000 to
33,000. The average root length perplant decreased by 30%(low Ksite) to 47%(high Ksite) sampling as planted population was increased.
Thus, while therewere more roots perunit volume titsoil when population increased from 23,000to 33,000plants peracre,therewere generally
fewerroots when root length was expressed on an individual plant basis.

Table 9. Mean root length per plant as affeded by plant population
and relative soil ted level in 1992 and 1993.

Planted

Population

Time of Sampling and Soil Ted Levd

46 DAP

High K Low K
59 DAP

Year High K Low K

plants/A
23,000
33,000

myUl——*"

1992 47.5 116.1 89.7 168.9

515 121.4 77.3 99.3

23,000

33,000

58 DAP

1005 116.1

84.6 95.7

72 DAP

1993 216.4 110.9

114.1 77.3

' Valueswereobtained by averaging densities measured at 3 distances from the row and
4 depths at each position, then calculating the mean root length perplant to a depthof 2 ft

There wasa significant interaction between planted population and root density measured atvarious positions in 1993. Atthe low Ksiteand the
1stsampling, the higher planting density hadhigher inter row root densities in the top6 inches butlower inter row root densities at6-24 inches
(Table 10).



Table 10. Root density at 58 DAPfor the towK site in 1993 as
affeded byfertilizer application.

ICO Distance Depth of Sample (inches)
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Applied from row 0-3 ^6 6-12 12-24

Ib/A inches cm/cm3

0 3 0.55 0.65 0.18 0.02

6 020 0.35 0.19 0.02

12 0.01 0.12 0.04 0.01

100 3 0.67 0.68 022 0.06

6 023 0.17 0.13 0.04

12 0.03 0.17 0.13 0.01

200 3 0.42 0.66 0.38 0.05

6 021 0.67 0.18 0.06

12 0.07 0.19 0.07 0.03

Fert X Position p = 0.05

There was dso a significant interaction between potash managementand rootdensity at this site in 1993. In general, there was more root
development to greaterdepths and further from the rowwhen broadcastpotashwas used. Fertilizer use appeared to have a smaller effed on
root density close to the plant

The average root densitywas enhanced by potash application at the low Ksite inboth 1992 and 1993 (Tables 11,12). The application of 100
lb. ICO per acre alwaysmaximized rootdensity wfth a biggerresponse recorded in 1992comparedto 1993. The broadcad application til200
lb. ICOper acre also increased rootdensitywhen comparedto the control. The increase,however, was generally nd as great as the increase
produced by the 100 lb. K,0 per acre rate.

Table 11. Mean rootdensityin 1992 as affected by soilted level
and fertilizer applied at the lowKsitewhen sampledat
46 and 59 DAP.

Soil Ted Fertilizer

Levd Applied
Sampling Time

46 DAP 59 DAP

lb. (CO/A — cm/cm - - -

High
Low 0

Low 100

Low 200

.11" .19

.15 20

.38 .36

27 28

Pr>F .001 .01

Vdues were obtained by averaging densities measured at 3
distances from the row and 4 depths at each position.

Table 12. Mean root density in 1993 as affeded by soilted level
and fertilizer applied at the lowKsite.

Soil Ted Fertilizer Sampling Time
Levd Applied 58 DAP 72 DAP

IblCO/A ---cm/cm3'---

High - 021 0.36
Low 0 020 0.15

Low 100 0.27 023

Low 200 0.25 025

Pn>F 0.008 0.0001
' Values wereobtained by averaging densities measuredat 3

distances from the row and 4 depths at each position.

Considering planted populations in1993, therewasa larger increase inaverage root density produced byfertilization atthehigher population (Table
13). This is incontrastto 1992when the trendwas fora greatereffed offertilization at the lower plant population.
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Table 13. Mean rootdensity as affeded by fertilizer application
and plant population at the earlysampling times in
1992 and 1993.

1992 (46 DAP) 1993 (58 DAP)
Fertilizer Plant Population Plant Population
Applied 23,000 33,000 23,000 33,000

IbrCO/A -cm/cm3

0 0.11 0.20 021 0.18

100 0.31 0.43 025 0.29

200 0.22 0.32 0.19 0.32

Pert X Pop p = 0.98 in 1992 and 0.002 in 1993.

Interpretive Summary:

The response of com to plantedpopulation and potash fertilizer management in 1993was consident withthe response measured in 1992 even
though com growth and development was hindered by the excessively cod and wet growing season. When the soilted for K was in the tow
range, eariy growth was increased as plant population increased to about33,000 plants peracre. This early growth response was reflected in
total drymatterproduction and grain yidd. As mightbe expected,therewas a strong responseto potashfertilization. The use of 40 lb.ICO per
acreinthe starterwas highly effidentand yields from the potashmanagementoption wereequivalent to yidds produced by higher broadcadrates
ofrCO.

Potash fertilizer use had no impad on earlygrowth and yield when the soil ted Kwas high. At this site,dry matterproduction, but not grain yield,
was optimum when the planted population was 33,000plants peracre.

Rootdensityatthe lowKsitewas affectedby bothplanted population andpotashfertilization. Therewas a general decreaseinaverageroot length
perplant whenthe planting density was increased. The potash fertiGzation causedhigher root densities anddeeperdevelopment of roots inthe
inter-row area. Even though root development was probably hindered by cooler than normd soil temperatures, this observation has important
implications for rootdevelopment in dry years.
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USE OF IN-SEASON NIR PLANT N TEST TO PREDICT N REQUIREMENTS FOR HARD RED SPRING WHEAT"

JA Lamb, G.W. Rehm, S.D. Evans, N. Martin, G.L Malzer,G. Nelson, J. Cameron, and BJ. Holder*

ABSTRACT: This report is on the thirdyear of research to determine in-season nitrogen need for hard red spring wheat
by utilizing a predictive plant or soil test. Nine locations in wedem Minnesotawere established withthree sdl N levels (50,
100, and150lb A'1; 0 to2 foot nitrate-N plus fertilizer) andfive topdress Napplication (0,15,30,45, and60 lb NA'1) at
tiller growth stage. Results indicate insevend nine sitesthe topdress application ofNdid improve grain yield. Chloropyll
meter readings didindicate grain responses insixlocations. The relationship between chlorophyll meterreadings and
grain yield increasewas -0.46. The soilnitrate-N ted forthe 0 to 1 foot depth did charaderize the sdl N levels. The
correlation between soil nitrate-N and grain yieldincrease was -0.42.

Nitrogen fertilizer management is important foroptimum grain yield and protein of hard red spring wheat inwedem Minnesota. Efficient use of
nitrogen fertilizers has dired effects on farmprofitability as well as environmental quality. Because of soils with silty day loamtexturesand
spring moisture conditions, nitrogen fertilizers are typically applied inthe fdlwhen soil conditions are more suited to application. Currently, the
combination d a soilnitrate-N ted and an estimated yidd god is used to arrive at fertilizer N recommendations. There are two problems with
thismethod ofarriving at nitrogen recommendations for this production system. First, it isverydifficult to arrive at a realistic yield god inthe fdl
because of changing dimaticconditions during the winter and beforespring planting. Secondly, there is the potential forthe loss of N either
from poorapplication techniques, teaching, or denitrification. The use tit a quick and simple diagnostic ted shortly beforetillering would allow
the producersto adjud the amountd N fertilizer needed inthe growing season based on a betterknowledge of plantstand, soilmoisture
conditions, and a more accurate weather forecast The diagnostic ted would allow wheat growersto apply50 to 60 percent of the N fertilizer
in the fall and determine how much of the remainderto apply at the tiler stage.

The objective d thisstudyis to devdop the use ofdiagnostic tools such as NIR (near infrared refledometry) plant analysis forNcontent a sdl
nitrate-N test or a chlorophyll mder to adjud N fertilizer application to springwheat during the growing season.

Materials and Methods

Nine experimental sites wereestablished inwedem Minnesota in1993(Table 1). The initial soil nitrate-N at the sites ranged from 14 to 118
lbA'1 at the0 to2 foot depth. Tomeet theobjective thetreatments induded a fadorial design ofthree sdl nitrate-N levels (0to2 fod of50,
100, and 150 lb A'1) and five topdress Napplication rates (0,15,30,45, and 60lb NA''). The soil Nlevels were established by applying
fertilizer preplant. This was ammoniumnitrate (33-0-0) at dl sites. At locations with initial soflnitrate-N contents greater than 50 Ib/A 0-2 foot
(Wagner and Brandt S) 20,70, and 120 lbN/A were added. Norm hard redspring wheatwas seeded at 100 lbA'1 insix inch rows with a
double diskpress wheeldrill. Topdressapplication ofammonium nitrate was made at the latetiller growth stage. Just before application
whole plantsamples, soil samples, and chlorophyll meter measurements were taken. Wholeplantswere taken from two feet of rowfor
Kjeldaht totd N, NIRtotal N, and NIR crude proteinanalyses. Soilsamples to a two footdepth were taken and divided intoone foot
increments. These soilsamples were analyzed fornitrate-N. Chlorophyll meter readings were taken from random plantsineach plot Weed
control was obtained with post emergence application based on weed spedes and densityat each location. The plotswere harvested with a
plot combine. The grainyield was then coneded to 13.5% moisture. All locations in 1993were infededwith scab. Noattemptwas made to
separate scabby kernels fromthe yieldsample.

Table 1. Initialcharaderistics of 1993 NIR wheat experiment locations

Nitrate-N Phosphorous Potassium pH OrganicMatter
0-24 in. 0-6 in.

Location

Bring

IbA"'

28

%

3.7

PPm •

7 165 7.7

Widner 20 7 366 7.9 3.2

Knutson 14 13 326 8.0 3.6

Wagner 94 27 131 8.1

Cassavan 16 14 313 7.7 4.2

Brandt N 37 16 173 7.8 5.2

BrandS 118 43 149 7.9

Morris N 18 12 226 7.7 45

Morris S 20 17 152 7.8 4.1

" This report is for thethird year ofthis study which has been partially funded byMinnesota Wheat Research and Promotion funds.

*JA Lamb, G.W. Rehm, and G.L Malzer are Associate Professor and Professors in the Soil Sdence Department atthe University
of Minnesota; N. Martin is a Professor inthe Department ofAgronomy and Plant Genetics at the University of Minnesota, St Paul, MN; S.D.
Evans and G. Nelson are Professor and Assistant Scientid at theWed Central Experiment Station, University ofMinnesota, Morris, MN; BJ.
Holder and J. Cameron are Associate Professorand Field PlotTechnician at the Norihwed Experiment Station, Crookston, MN 56716.
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Grain Yields

At five ofthenine locations there wasnointeraction between the sod N levdand topdress Napplication for grain yield (Table 2). Atthe
Brandt S location soil N level dd nd effed grain yiddand topdress N application significantly decreased grain yield. This location has hada
history of manure application which caused the nonresponse to soil N. The other four locations hadincreases to grain yield from soil N level.
These increases ranged from 27 to 9.4 bu/A

Fourlocations had a significant soil N by topdress N interaction (Tables3 and 4). At Wagner, Morris N, and Morris S, d the 50 soilN level,
topdress N application of 30,60, and 45 Ib/A, respectively, was needed to maximize grain yield. Although 60 lb N/Awas needed at Morris N
for maximumyield, the largest part d the increase came withonly15 lbN/A. For the 100 and 150 soil N levels for Wagner, Monis N, and
Morris S, topdress N did notsignificantly increase yields. AttheCassavan site, grain yield responses to topdress N application occurred at all
soil N levels. The grain yields were the largest at60 Ib/A topdress N application for the50 and100soil N levels. Atthe 150soil N level, grain
yidd was maximized at 45 lb N/A.

Table 2. Grain yidd at locations with no statistical significant Interactions in 1993.

SoilN Bring

Ib/A

50

100

150

Topdress N
0

15

30

45

60

Statistical Analyses
SdlN(SN)
Topdress N (TN)
TNBnear

TN quadratic
SNXTN

CV. (%)

29.6

32.4

33.9

30.2

31.4

32.0

33.1

329

NS

NS

9.4

Widner

21.1

26.6

30.5

222

23.9

262

27.6

305

NS

NS

21.8

Knutson

•bu/A-

332

36.8

37.3

31.4

34.3

36.3

38.4

38.6

+

NS
9.7

', *, and + are 0.01,0.05, and 020 significance levels, respectively.

Table 3. Grain yidd at locations with a sofl N by topdress N
interaction.

Topdress N (Ib/A)
SoilN 0 15 30 45 60

Ib/A Grain Yield (bu/A)

Wagner
50 49.7 56.6 582 56.6 60.8

100 623 59.6 625 61.3 61.9

150 62.1 620 59.0
Cassavan

612 63.9

50 29.3 36.6 39.6 4a6 46.3

100 39.8 442 48.0 482 50.9

150 48.0 482 50.5

Morris N

525 524

50 33.0 39.6 40.3 42.1 42.8

100 40.3 428 43.3 40.7 40.3

150 39.8 38.1 40.1

Monis S

395 35.9

50 292 28.5 29.0 36.6 320

100 36.6 36.0 37.1 36.8 37.6

150 395 37.0 372 35.4 352

Brandt N

44.7

47.0

47.4

43.4

472

46.7

47.7

46.9

NS

7.0

Brandts

46.8

47.7

46.7

49.7

47.4

47.7

46.1

44.4

NS

NS

NS

6.5

Table4. Statistical analyses for grain yield at locations withsoilN
bv topdress N interaction in1993.

Wagner Cassavan Morris N Morris S
SoilN(SN) « « NS **
Topdress N (TN) * ++ NS
TN linear ** *' + NS
TN quadratic NS + NS
SNXTN ** ....

CV. (%) 4.8 6.6 7.8 75
**, *,++, and + are 0.01,0.05.0.10, and 020 significance levels,
respectively.
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Table 5. Sofl nitrate-N and chlorophyll meter readings at tiller in 1993.

Chlorophyll Soil Nitrate-N

Site SoilN Mder 0-1 ft 1-2 ft. 0-2 ft.

Ib/A units — to/A

Bring 50 432 20.8 10.3 31.1

100 43.5 40.2 21.0 61.2

150 45.3 104.4 20.3 124.7

Statistic
»» • NS

•»

Widner 50 39.9 23.9 11.3 352

100 41.3 43.3 13.2 56.5

150 41.6 93.9 20.9 114.8

Statistic ++ ** ++
**

Knutson 50 36.9 14.9 5.9 20.8

100 38.8 36.7 7.9 44.6

150 39.1 79.8 8.0 87.8

Statistic NS
• NS •

Wagner 50 40.0 39.5 8.6 482

100 40.9 149.8 17.4 1672

150 41.5 168.9 15.4 184.3

Statistic
* • * *

Cassavan 50 40.3 26.1 8.2 34.3

100 41.4 465 14.6 61.1

150 415 1222 18.3 1405

Statistic +
•* * **

Brandt N 50 39.9 57.7 7.6 74.9

100 40.8 55.5 9.5 65.0

150 40.9 92.7 12.0 104.7

Statistic + NS NS NS

Brandts 50 412 23.6 8.4 320

100 421 53.0 9.3 623

150 429 105.7 13.4 119.1

Statistic ++
*•

++
**

Morris N 50

100

150

15.7

30.4

53.2

Statistic
•*

Monis S 50

100

150

30.6

36.9

45.9

Statistic
•

**, *, ++, and + are 0.01,0.05,0.10, and 0.20 significance levels, respedively.

In Season Tests

Chlorophyll Meter

Chlorophyll mder readingswere taken at seven of the ninelocations in 1993d tiller stage beforethe topdress N application was made (Table
5). Atsix tocations significant differences (P=020) occurred. As the amount of soil N increased ttiechlorophyll (greenness tit the plant)
readingsincreased. The differences in the readings are smaller than expeded and observations are depended on the location on the leafthat
the readingis taken. The relationship between chlorophyll meter unitsand grainyield increase from topdress N has a correlation of -0.46.

Soil Nitrate-Nat Tiller Growth Stage

Soil nitrate-N was also measured at tiller growth stage beforethe topdressN treatments were applied. A significant increaseoccurred at eight
of nine tocations from soil nitrate-Nd the 0 to 1 foot depth. As soil N levd was increased so was the soil nitrate-Ncontent The increase was
bed measured inthe 0 to 1 foot depth. The0 to 2 fod depth nitrate-N content was dmilar in response to sofl N levd. Figure 2 shows the
relationship between soilnitrate-N and grain yidd increasefrom topdressNapplication. Because tit the prior manure history Brandt S was
omittedfrom the analysis. The correlation between grainyield increase and sdl nitrate-N at 0 to 1 footdepth is - 0.42
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IMPROVING FERTILIZER RECOMMENDATIONS FOR PRODUCTION OF EDIBLE BEANS IN MINNESOTA

George Rehm, Thor Setlie, andAndy Scobbiev

ABSTRACT: This research projed was initiated in 1991 in an effort to improve fertilizer recommendations for edible bean
production. The results from sites at this Irrigation Center at Staples are summarized in this report. When N rates were
studied, the application of 120lb. N peracre produced optimum yield. This N wasapplied at two times during the growing
season. There was no response to potassium and sulfurappliedin a fertilizer program in 1993.

A research projed was initiated in1991 to improve fertilizer recommendations for the production of edible beansinMinnesota The projed was
continued in both the 1992 and 1993 growing seasons. The information gathered during the1993 growing season issummarized inthis report
Data collection wascurtailed bytheexcessively cod and wetgrowing season. Because oftheseconditions, information wasnd gathered from
sites In Renville, and Yellow Medidne Counties. Treatmentswere applied at each site but the ted sites were flooded and the ediblebeans were
destroyed. Useful dataweregathered from the experimentd sitesat the Staples Irrigation Center.

Objectives:
As in 1991 and 1992, the objectivesof the research projedare:
1. To improve nitrogen fertilizer recommendations for edible beanproduction. For muchd the production area, thismeans Improving N

fertilizer recommendations by adjusting for reskfud or carryover N03-N. Where production occurs on sandy soils, improvement of
nitrogen recommendations meansthatmore emphasis should be placed on nitrogen crecfits from previous legume crops used inthe
rotation.

2. To Determine the rateof phosphateneeded when the cropis grown on fine-textured soilsand relate the rateneeded to soil ted vdues
for P.

3. To determine the response of edible beans grown on sandy sdls to the application of both potashand sulfur.

Experimental Procedure:

Original planscalled for an evaluation of nitrogen ratesat4 sites,an evaluation of phosphate ratesat3 sites, potashratesat 1 site,and sulfur rates
at 1 site. Because d the excessivelywet growing season, N rateevaluations were tod d 2 sites arriptosphatera^
3 sites. Yieldswere measured from a N rate siteinRenville county,butthey werevariable andwere d no use. Consequently, data from the plots
at ttie Irrigation Center are summarized in this report.

For the potassium study,adequate ratesof phosphate andsulfurwere applied to each treatment The various ratesof potashsupplied as 0-0-60
were also broadcad beforeplanting. Allmaterials were incorporated with a disk.

For the sulfur study, adequde ratesof phosphate and potash were applied to each treatment The various ratesof sulfur supplied as granular
gypsum werealsobroadcad before planting. All of these fertilizer materials were Incorporated with a disk.

Each treatment in the nitrogen bid received adequate phosphate, potash, and sulfur. These fertilizers were broadcadand incorporated with a
disk before planting.

For the potassium and sulfur studies,the N ratewas constant for all treatments at 120 lb. peracre. A split application of nitrogen was used for
dl studies. The fird half of the nitrogen was applied at approximately 2 weeks after emergence. The remaining half was applied atapproximdely
4 weeks afteremergence.

Sdl samples (0-6 in.) werecollected from Ihe site before fertilizer was applied. The relevant soil properties aresummarized inTable1. The red
kidneybeans were planted in lateMay, irrigated as needed throughout the summer, and harvestedin September.

Table 1. Rdevant soilproperties for the experimentd site at the Irrigation Center at

pH 6.8
Bray and Kurtz #1P, ppm 34
soilted K, ppm 100

Results and Discussion;

The excessivelycool and wd conditions during the 1993growing season destroyed the edtolebeans thatwere planted on the fine textured sdls
at the experimental sites inRenville and Yellow Medidne Counties. Therefore, results presented inthis report are limited to the experimentd site
at the Irrigation Center at Staples.

Nitrogen fertil'ization produced a significant increase inyield. The rate tit120lb. peracre was adequate for optimum yield (Table 2). These results
areconsidentwfth those recorded from nitrogen trials on the sandysoils in1991. The major portion of the response occurs wfth the use of the
fird 30 lbs. N per acre.

" Extension Soil Sdentist Junior Scientist andAssistant Scientist Soil Sdence Department University tilMinnesota, respectively.
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Table 2. Effed d rate of fertilizer nitrogen on yield til red kidney beans in 1993. IrrigationCenter.

N

Applied Yield

Ibiacre Ib-yacre

0 2353

30 2630

60 2830

90 2953

120 2999

150 2968

The yield of ttie redkidney beans was notsignificantly affeded by the rate of ICO applied (Table 3). Eventhough the soil test for Kwould be
conddered to be in the tow range(Table 1), there was apparently enough K supplied by the sdl to meet the needs of the crop. The results
recorded in 1993 are consistent with those reportedin both 1991 and 1992

Table 3. Effed til rate of applied potash on yidd of red kidney beans in 1993. Irrigation Center.

ICO

Applied Yield
Ibyacre fbyacre

0 3058

60 3004

120 3015

180 2960

240 3071

Sulfurfertilization also had no significant effed on the yidd tit redbeans (Table 4). These results are alsoconsident withthe condusions reached
in 1991 and 1992 Inthe pad, sulfurfertiBzation has increasedthe yidd d com aridalfalfa grown on the sandy sdl. However, sulfuruptake by
edible beans is inthe rangeof 5 to 10 Ibyacre. This amoud tit sulfur can be easilymineralized from the soilorganic matter. Therefore, a major
response to sulfurfertilization should nd be expected.

Table 4. Effed of rate of applied sulfur on the yidd d red kidney beans in 1993. Irrigation Center.

S

Applied . Yidd

Ibyacre Ibyacre

0 2813

10 2951

20 2952

30 2792
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EVALUATION OF BROILER MANURE AS AN N SOURCE FOR POTATO1

CJ. Rosen, J.F. Moncrief, and M.J. Blaine2

Abstract: Broiler manure, on average, resulted in higher potato yields than
a commercial nitrogen program. Manure reduced the amount of knobby potatoes
and hollow heart. Scab was not affected by fumigation or manure. When manure
was used in combination with fumigation yields were 100 cwt higher than
without fumigation. However, This treatment also had significantly higher
soil water concentrations of nitrate.

The objective of this experiment is to evaluate broiler manure as an N source for Russet
Burbank potatoes. There has been some concern that manure will increase the incidence of
scab on potatoes and is not as reliable a source of N as commercial fertilizer.

Methods and Materials: Pen pack, scraped, and piled manure was applied in the spring (April
19, 1993) before discing. The previous crop was corn. The rate of manure was based on a
chemical analysis to result in an estimated available N of about 200 pounds per acre. The
analysis of samples taken the day of application are shown in Table 1. The moisture content
was quite variable and responsible for most of the variability in the chemical analysis.
Most of the N in the manure was in the organic form (75% vs 25% for organic and mineral N
respectively) . It is assumed that all of the mineral N is available in the year of
application and 0.35 of the organic N. This results in an average of 26.5 pounds of
estimated available N per ton of manure. Manure was applied with a beater type solid manure
spreader. Three calibration checks over an area of 300 ft.x 27 ft. resulted in an
application of 8.4, 7.8, and 8.9 tons per acre with an average of 8.4 tons per acre. This
resulted in an application of 223 lbs/A of estimated available N as broiler manure. The
manure treatment also received 30 pounds of N at planting and 69 pounds of fertigation N
resulting in a total N application of 322 lbs/A (Table 2) . The manure treatment was
contrasted to a conventional fertilizer program with a total N application of 275 lbs/A.

Nitrogen sources were evaluated on soil that had been fumigated in the fall of 1992 and soil
that was not. It was hypothesized that fumigated soil would result in slowed microbial
nitrogen transformations that could affect crop N availability and/or leaching losses. The
experimental design was a randomized complete block with split plots. Main plots were
fumigation, subplots were N source. Plots were 300 ft.x 54 ft. Ceramic suction samplers
were placed in the row at a depth of 4 feet.

Results and Discussion: Potato yields are shown in Table 3. There was only statistical
significance for fumigation for the 6-14 oz size. Generally, fumigation main effects were
absent for potato yield and quality parameters. There was a consistent effect of manure and
a manure by fumigation interaction for most of the measured yield categories. The manure
N source resulted in higher potato yields when applied in combination with fumigation. A
significant manure effect was absent when applied without fumigation. Precise reasons for
this interaction are not known, but may be due to excessive N applications on the
nonfumigated side due to an application error. Manure affected several quality parameters.
When manure was applied with fumigation, knobby potatoes were significantly reduced. Manure
with or without fumigation reduced hollow heart. The incidence of scab was not affected by
fumigation or manure addition. This is contrary to common grower belief that manure
increases scab. The effect of fumigation and N source on soil water concentrations of
nitrate at 4 ft. depth are shown in Figure 1. The manure N source resulted in higher
concentrations of soil water nitrate throughout the season. The manure in combination with
fumigation showed a "spike" between 12 and 14 weeks after planting.

In addition to the manure/fumigation study, a comparison of N timing and amount was done on
a split center pivot with the conventional grower program on one half and an N conservative
program on the other half. Applications of N were generally reduced and the last application
based on a petiole sap test for nitrate. The results of this study are shown in table 4.
There was a 40 cwt increase in total yield with the alternative N program. Of course
statistics can not be used due to the lack of replication.

1. This project was supported by the Legislative Commission on Minnesota Resources, the Anoka Sand
Plain Project, the Soil Conservation Service, and the Minnesota Extension Service. Their support
is greatly appreciated.

2. C.J. Rosen and J.F. Moncrief are Extension Specialists in the Soil Science Department, University
of Minnesota, St. Paul, MN. M.J. Blaine is a Best Management Consultant with the Soil Conservation
Service, Becker, MN.



Table 1. Nitrogen content of Jack Frost
broiler manure applied on 4/19/93.

Slds NH/ NO,' Min. Org.' Total Est.Aval3
--%-- -lbs/Ton

54.3 18.2 - 18.2 48.0 66.3 32.6

51.9 18.3 - 18.3 49.7 68.0 33.2

67.5 13.9 - 13.9 41.7 55.6 26.4

82.3 13.3 - 13.3 50.6 63.9 28.5

74.6 9.4 - 9.4 33.7 43.1 19.5

81.9 10.2 - 10.2 27.4 37.6 18.5

68.8 13.9 - 13.9 41.9 55.8 26.5

1. Orelanic nit:rogen = Total niitrogen - Total

mineral nitrogen.
2. Estimated available nitrogen*. (Org.-Nx.3S)
+ Tot.Min.-N. It is assumed that all of the
mineral N and 30% of the Org.N is available
during the first year of application.
3. The rate of manure was 8.4 tons/acre.
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Table 3. Tillage pesticide application at
Becker MN, 1993, previous crop was corn
and soil is Hubbard loamy sand.

date operation

10/7/92 Fall Chisel
10/92 Fumigation on half of the plots
with Vapam (Sodium methyldithiocarbamate)
4/19/93 manure applied
4/25/93 Disc finisher
4/30/93 planting 14-16,000 seeds per acre
5/15/93 Dual/Sencor
5/28/93 Row cultivator
6/8/93 Hilling
6/10 to 8/19/93 Monitor, Mancozeb, Bravo,
and Ridomil applied in multiple applic.

Table 2. Timing, source, and amount of N applied to the
fertilized check, Becker, MN, 1993.

date application

rate of material N rate

__i_^ ^^_^________^_^^_^ -pounds per acre
4/30/93 Starter at planting 455 of 6.5-29.2-19.5
5/28/93 Cultivation at Emergence 250 of 33.5-0-0
6/8/93 Cultivation at Hilling 200 of 46-0-0
7/5/93 fertigation 10.4 gpa of 28% UAN
7/16-17/93 fertigation 12.5 gpa of 28% UAN

30

84

92

31

38

total 275

Table 3. Effect of Manure and fumigation on potato yield and quality.

Treatment knobs <6 oz 6-14oz >14oz total gravity % hollow
heart

% Scab

Fumigated Manure
- 36 236 250 13 535 1.0821 9.3 15.9

+ 34 251 200 23 508 1.0802 6.7 1.3

+ 50 214 227 14 505 1.0827 16.0 9.3

+ + 10 295 292 21 618 1.0807 5.3 2.7

Statistics

Fumigation NS NS ++ NS NS NS NS NS

Manure * * NS NS ++ NS ++ NS

Fum. x manure ++ ++ ** NS ** NS NS NS

NS a nonsignificant, ++ = significant at 10%, * = significant at 5%, significant at 1%.
Estimated N applied for each treatment:
- - = 275 lb N/A
- + = 400 lb N/A (some N fertilizer applied by mistake at emergence and hilling)
+ - = 275 lb N/A
+ + = 322 lb N/A

Table 4. Effect of nitrogen management on potato yield and quality.

Treatment knobs <6 oz 6-14oz >14oz total

11 516

32 556

gravity % hollow

heart

1.0846 2.0

1.0885 1.3

Conventional

Alternative

33

24

217 255

201 299

Timing of application Conventional N management
ii

Alternative N management
-> xr/a

Planting (April 20) 31 31
Emergence (May 28) 85 73
Hilling (June 7) 92 70
Post-hilling (July 16) 72 36
Total N applied 280 210
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SITE SPECIFIC MANAGEMENT OF CORN HYBRIDS AND PLANT POPULATIONS'

D.J. Fuchs, D.R. Huggins, D. Fairchild, and P.C. Robert2

Abstract

Afield experiment was conducted at the Southwest Experiment Station, Lamberton, MN to evaluatethe
effect of different soil types on the yields of two com hybrids (Pioneer 3702 &3563) and three populations
(26,000, 32,000,and 38,000seeds/ac). The lowest yields and stand counts occurred for both hybrids on
the Webster soil when adjacent to the Ves (3-6 % slope) soil. Erosion in those areas reduced stands and
yields. Stand counts were relatively consistent in areas without soil erosion. Higher yields across all
treatments occurred on soils that had adequate drainage. Yields decreased with target populations greater
than 32,000 seeds/ac.

Introduction

Few studies have evaluated com hybrid and plant population effects on yield across soil types that occur in a landscape
setting. This is the second year of an ongoing experiment,the first year's data was corrupted by mechanical problems with
the planter and will not be included in this report.

Materials and Methods

A six-row (30-inch spacing) John Deere 7000 planter was used to plant the treatments across a landscape with variable soil
types. The main plots were four replications of three target plant populations of: 26,000 seeds/ac, 32,000 seeds/ac, and
38,000 seeds/ac. Each population was split into two com hybrids, Pioneer 3702 (P3702) and Pioneer 3563 (P 3563), to give
a subplot that was 3 rows wide. The area had three major soil types; 1) Ves loam (Udic Haplustols), with slopes ranging
from 1-6 percent, 2) Canisteo clay loam (TypicHaplaquolls), and a Webster clay loam (TypicHaplaquolls).

Stand Counts were taken on July 29,1993. Allmechanical weed control was completed before this date, and no factors
effected the stand counts after this date. Stand counts, measuring 40-feet of row (2 rows by 20 feet), were taken in 100 foot
increments across the field for each subplot (hybrid). Two row plots were harvested on October 28 and 29,1993 with an
Almaco plot combine. The yield samples, approximately 50 feet in length, were collected continuously across the field for
each subplot.

Figure 1 and 2 show the yields, stand counts, and soil map of soils for the area. Additional management information is
shown in Table 1.

Results and Discussion

Hybrids

Hybrid stand counts and yields varied in a similar pattern across the landscape. Pioneer hybrid 3702 yielded higher at all
population levels, averaging 10 bu/ac more than Pioneer 3563.

Plant Populations

The stand counts for both hybrids were less than the targeted population. The Pioneer hybrid 3563 averaged 1770 plants/ac
more than Pioneer 3702. For both hybrids there was a trend of increasing yield loss with targeted populations greater than
32,000 plants/ac.

Soil

The soil type had an effect on both com population and yield. The lowest stand counts and yields occurred where Webster
was adjacent to Ves soil (3-6 % slope). Soil erosion occurred in the concentrated flow areas as a result of heavy rains that
fell in May and June. Yieldswere also lower on the poorly drained Canisteo soil. Yields decreased as the transect
transitioned into Webster and Canisteo. These poorly drained soils had high moisture levels for the first half of the growing

1 Support for this projectwas provided by a grant fromthe USDA-CSRS, and SoilTeq Inc.

2 D.J. Fuchs and D.R. Huggins are Scientistand AssistantProfessorat the Southwest Experiment Station, Lamber
ton, MN 56152. D. Fairchild is president of Agri-information Services, Inc., White Bear Lake, MN, 55110. P.C.
Robert is Associate Professor of Soil Science Department at the University of Minnesota, St. Paul, MN 55108.
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season, which was correlated with poor corn yields. Under the wet conditions of 1993, soil drainage probably had a greater
effect on yields than plant population.

Table 1. Management information.
Item Type Rate Date

Primary Tillage No tillage

Secondary Tillage Field Cultivator 2 passes 5/20/93

Fertilizer Anhydrous 125 lbs N/ac 10/14/92

Herbicides Eradicane and

Bladex

2.5 lbs ai /ac

1.5lbsai/ac

5/20/93

Planting JD 7000 6-row Variable 5/21/93

Row Cultivation 1 pass 6/20/93

Soil Test PA
KjO
PH

35 ppm
175 ppm
6.5

Fall 1992
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SITE SPECIFIC CROP MANAGEMENT: N-SERVE RESPONSES AT HILDRETH SITE 19931

G.L. Malzer, T.J. Graff, D.R. Huggins, D.J. Fuchs, P.C. Robert, W.H. Thompson,
CL. Gaalaas, S. Tomer and T.W. Bruulsema*

Abstract

Effectiveness of the nitrification inhibitor N-Serve is influenced by a number of soil factors. Soil specific
management has potential for identifying these factors to predict where N-Serve may be useful in minimizing N
losses. This study was conducted to relate com yield response to N fertilizer with and without N-Serve to soil
factors varying spatially within a field. Yields were extremely low due to excess moisture through the growing
season. Both positive and negative yield responses to N-Serve occurred, and appeared to be spatially clustered.
Positive N-Serve responses appeared to occur predominantly on well drained areas of the field.

Introduction

Soil factors including texture, pH, organic matter and temperature have been shown to influence the effectiveness of the
nitrification inhibitor N-Serve. These factors vary within fields and may be mapped using soil specific management
technologies to predict where N-Serve may be useful in minimizing losses of N in the nitrate form. The objective of this
study was to determine how com yield and N uptake response to N fertilizer with and without N-Serve was related to soil
and landscape factors varying spatially within a field.

Experimental Procedures

The field was at the Southwest Experiment Station at Lamberton, MN. Five treatments, consisting of two N rates (60 and
120 lb acre'1) with and without N-serve at 0.5 lb a.i. acre'1 and a control without Nfertilizer, were applied preplant on May 21
across the field in strips (transects) 15 feet wide and 1240 feet long. Treatments were arranged in a nested randomized
complete block design with 6 replications. N-Serve treatments were nested within the two N rates. Com (Pioneer 3861) was
planted on May 25 with 30 inch rowspacing. Weed control was accomplished using Lasso plus Bladex (3 lb acre'' + 2 lb
acre'1, respectively) at planting.

A detailed soil survey was obtained on a scale of approximately 1:5,000. Soil samples were taken on May 27 from the
control treatment strips at 100 foot intervals to a depth of two feet in one foot increments. Soils were analyzed for NCyN,
NH4-N, total N, total carbon, mineralizable N and soil water. Grain yields were determined on September 29 by harvesting
two rows in 50 foot increments down the entire strip with a plot combine, producing 24 yield samples per strip. Nitrogen
uptake was calculated as grain dry matter multiplied by grain N concentration and represents N uptake into grain rather than
whole plant N uptake.

Analysis of variance was performed on overall means of N treatments and on means of N treatments by soil series using
SAS. Grain yield, N uptake and responses to N-Serve were kriged using simple kriging to generate maps showing spatial
trends at each level of N fertilizer. Kriging is one of the more reliable methods for estimating unmeasured points between
measured points within a field area.

1 The assistance and financial support of the Minnesota Agricultural Experiment Station, USDA-CSRS,
Dow Elanco, Soil Teq Inc., and DMI is gratefully acknowledged.

2 Professor, and Assistant Scientist Dept of Soil Science; Soil Scientist and Scientist Southwest
Experiment Station; Associate Professor, Assistant Scientist Jr. Scientist Jr. Scientist and
Post-Doctoral Research Associate, Dept. of Soil Science, respectively.
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Results

The overall means for corn grain yield and grain N uptake are presented in Table 1. Due to a wet spring, cool wet summer
and flooding of some of the plot area, yield and N uptake were very low (0 to 90 bu acre'1 and 0 to 60 lb acre'1, respectively)
. The only difference detected between N treatments was significantly lower yield and N uptake on the check plot.

Analysis of variance indicated that variation due to soil series was as significant as that due to N treatment. Within each
treatment Glencoe soil series had the lowest yield (Table 2). This soil has the poorest drainage of the soils in this plot area
(Fig 1a) and is found in the lower elevation areas of the field (Fig 1b). Within each soil series the control produced
significantly lower yields than the other treatments on all but two soils. On the Glencoe and Seaforth series no differences
were detected between N treatments.

Bothgrain yields and N-Serve responses were highest in the areas of the field with higher elevation (Fig 2a,b,c,d). However,
some of the higher elevation areas with relatively high grain yields had negative N-Serve responses (Fig 2c,d). Spatial
variation in grain N uptake (nitrogen removal) followed a pattern similar to that of grain yield (Fig 3a,b,c). N-Serve effects on
grain N uptake (nitrogen removal) were less clearly spatially clustered (Fig 4a,b) than were N-Serve effects on grain yield.

Discussion and Conclusions

The observation of spatially contiguous clusters of positive and negative N-Serve responses indicates potential for site
specific management. At the high rate of N fertilizer, approximately one quarter of the field area had a positive yield benefit
from N-Serve, and the area with a negative yield effect was about equally as large. Further work will focus on predicting the
areas likely to show positive responses.

Table 1. Corn grain yield and grain N uptake averaged over the whole field for each N treatment.

N-Rate N-Serve # of obs Grain Yield Grain N Uptake
lb acre'1 bu acre'1 lb acre"1

0 without 144 31.6±20.1 18.9±11.7 i3
60 without 144 53.4±28.0 33.9±17.8 b

60 with - 144 54.8±28.2 33.9±17.2 b

120 without 144 54.4±29.6 35.0±18.7 b

120 with 144 54.3±30.5 34.7±19.1 b
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Table 2. Com grain yield treatment means arranged by soil series.

Trt# Soil # of obs NRate

lb acre'1

N-Serve Grain Yield

bu aae'1

1 Canisteo 20 0 without 25.9 ± 14.0 a

2 Canisteo 15 60 without 39.5 ± 24.1 b

3 Canisteo 17 60 with 47.4 ± 23.6 b

4 Canisteo 21 120 without 51.0 t 22.7 b

5 Canisteo 17 120 with 43.9 ± 27.2 b

1 Glencoe 5 0 without 4.4 ± 11.0 a

2 Glencoe 5 60 without 5.9 ± 10.5 a

3 Glencoe 6 60 with 8.0 ± 14.6 a

4 Glencoe 4 120 without 3.9 ± 8.7 a

5 Glencoe 5 120 with 5.7 ± 12.9 a

1 Normania 15 0 without 33.7 ± 13.0 a

2 Normania 22 60 without 64.8 ± 8.3 b

3 Normania 21 60 with 67.6 ± 10.0 b

4 Normania 17 120 without 68.6 ± 10.1 b

5 Normania 15 120 with 67.3 ± 9.5 b

1 Seaforth 2 0 without 33.3 a

2 Seaforth 1 60 without 38.1 a

3 Seaforth 2 60 with 49.8 a

4 Seaforth 1 120 without 44.8 a

5 Seaforth 2 120 with 45.2 a

1 Swanlake 10 0 without 43.0 ± 10.1 a

2 Swanlake 6 60 without 64.7 ± 3.1 b

3 Swanlake 8 60 with 69.6 ± 5.9 b

4 Swanlake 7 120 without 66.8 ± 7.2 b

5 Swanlake 6 120 with 69.1 ± 3.2 b

1 Ves 43 0 without 47.3 ±11.7 a

2 Ves 47 60 without 72.1 ± 8.6 b

3 Ves 46 60 with 72.9 ± 8.5 b

4 Ves 48 120 without 74.7 ± 7.1 b

5 Ves 50 120 with 75.6 ± 7.1 b

1 Webster 22 0 without 39.1 ± 11.9 a

2 Webster 25 60 without 65.3 ± 19.7 b

3 Webster 21 60 with 65.8 ± 19.2 b

4 Webster 20 120 without 66.9 ± 18.3 b

5 Webster 21 120 with 70.0 ± 16.3 b
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Figure 1a. Soil survey map ol study area.

•*— N-
N-Serve Study Soil Map LEGEND

Symbol Name Drainage Class

• 114

• 113

• ••••5
• 421B
• 595B

Gloncoe Very Poorly Drained
Canisteo Poorly Drained
Webster Poorly Drained
Normania Moderately Well Drained
Ves Well Drained

Swanlako Well Drained

Soalorth Moderately Well Drainedn
423

• 0

• 1

• 2

• 3

• 4

D 5

• 6

• 7

• 8

• 9

Relative

Elevation

LEGEND (It.)

Figure 1b. Digital Elevation Model (DEM) illustrating relafive topographic variations across the study area.

Average
Slope Class
by Harvest Sample
Area (%)

Figure 1c. Slope class map. Average slope (%) was calculated lor each 51x15' harvesi sample area.
Slope was denved Irom the DEM tor the site (Fig lb).

Figure 1. N-Serve Response Sludy. The experiment was conducted on a 13.7 acre Held at the U ol MN
Southwest Experiment Station. Soils In the plot area (Fig ia) varied Irom very poorly drained concave
landscape positions to well drained sloping soils (Rg 1c). Relative elevation ranged from 0 to > 9 leet (Rg
1b). The experimental design included six blocks and five treatments. Treatment (1): control strip
receiving no nitrogen application; (2): transects receiving 60 lb N acre-' without N-Serve; (3); transects
receiving 60 lb N acre-' wilh N-Serve; (4): transects receiving 120 lb N acre'1 without N-Serve; (5):
transects receiving 120 lb N acre'1 wilh N-Serve. Treatment strips were paired by N-rale within each
block. Harvest samples were collected at 51 fool intervals accross each transect. N-Serve response was
approximated for both grain yields and nitrogen removal by adjacent N-rate pairs. A centroid coordinate
was determined for each sample pair and the parameters were kriged to illustrate spatial variability of N-
Serve effects at different landscape positions and soil conditions.



Rgure 2a. Kriged estimates of com grain yields (bu acre') across plot area;
N-Rate = 60 lb N acre-' (treatment 3).

Figure 2b. Kriged estimates of com grain yields (bu acre') across plot area;
N-Rate = 120 lb N acre-' (treatment 5).

Com Grain Yield (bu acre') LEGEND

<5 5-20 20 - 40 40 - 60 60 - 80 80 - 100

1 -c-^ i
ji '•-•*-

Rgure 2c. Knged estimates of N-Serve response (bu acre ') across plot area;
N-Rate = 60 lb N acre-' (treatment 3 minus treatment 2).

Figure 2d. Knged estimates of N-Serve response (bu acre") across plot area;
N-Rate = 120 lb N acre-' (treatment 5 minus treatment 4).

N-Serve Response (bu acre') LEGEND

<-15 -15-5 5 --5 -5--15 >-15

Figure 2. Spatial models ofcom grain yields using two different nitrogen application rates (Rgs 2a and 2b) and variable N-Serve responses at different landscape positions
(Rgs 2c and 2d). Contour lines represent one foot increments of the digital elevation model (DEM) from the study area (Rg 1b). Flooding damageoccurred within closed.
concave landscape positions (Glencoe soils; Fig 1a).
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Figure 3a. Nilrogen Removal (lb N acre1; N-Rato = 0 lb N acre-')

Figure 3b. Nitrogen Removal (lb N acre'; N-Rate = 60 lb N acre')

Figure 3c. Nitrogen Removal (lb N acre'; N-Rato = 120 lb N acre')

Nitrogen Removal LEGEND [lb N acre']

0-10 10-20 20-30 30-40 40-50 > 50

Figure 3. Spatial variations of nitrogen removal at three nitrogen application rates.
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•

\

T ~ i i \ : i \
Figure 4a. N-Serve effect on nitrogen removal (N-Rate = 60 lb N acre-')

Figure4b. N-Serve effect on nilrogen removal (N-Rate = 120 lb N acre')

N-Removal Difference LEGEND [lb N acre1]

<-12.5 •12.5-7.5 7.5 -"2.5 "2.5 --2.5 '2.5 -'7.5 -7.5-M2.5 > M2.5

Figure 4. Spatial variations of N-Serve effects on N-removal. Adjacent paired harvest samples were
used to calculate differences In nilrogen uptake for each nilrogen application rate. A cenlroid coordinate
(x, y) wascalculated for each sample pair and the resulting N-removal differences kriged to Illustrate the
spatial variability.
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SITE SPECIFIC CROP MANAGEMENT: N-RESPONSE BY SOIL CONDITION AT HILDRETH SITE 19931

G.L. Malzer, T.J. Graff, P.C. Robert, D.R. Huggins, D.J. Fuchs, W.H. Thompson, CL Gaalaas, and T.W. Bruulsema*

Abstract

Com N responses vary spatially with site properties. This study was conducted to relate corn yield responses to
soil factors varying spatially within a field. Six N fertilizer rates were applied in transects over the length of the field.
Corn growth was severely delayed by cool, wet weather to the extent that maturity did not occur before the killing
frost. Therefore yields were taken as silage. Silage yields at the critical N rate showed substantial spatially related
variation. Maximum yields in much of the field area did not occur at the highest N rate.

• Introduction

Corn responses to N fertilizer vary spatially with soil properties and landscape position. Variable rate application of nitrogen
fertilizers is now possible because of recent advances in variable rate technologies (VRT), geographic information systems
(GIS) and positioning technology. This study was conducted to examine the spatial variability of N response curves and their
relationships to soil properties and landscape position. The goal was to ascertain which parameters are best suited for
making site specific N recommendations.

Experimental Procedures

The field, previously cropped to soybean, was at the Southwest Experiment Station at Lamberton, MN. Six N fertilizer
treatments, consisting of five constant N rates (0, 60, 90 120, and 150 lb acre'1) and one variable N rate, were applied as
anhydrous ammonia on May 21 in strips (transects) 15 feet wide and 1150 feet long (Fig 1c). The variable rate was
determined by existing extension recommendations and the soil map unit equivalency rating. Treatments were arranged in a
randomized complete block design with six blocks each containing 23 N response replicates. Corn (Pioneer 3563) was
planted on May 22 and 25 (interrupted by rain) with 30 inch rowspacing. Weed control was accomplished using Lasso plus
Bladex (3 lb acre"' and 2 lb acre'1, respectively) on May 25.

A detailed soil survey was obtained on a scale of approximately 1:6,000. Soil samples were taken on May 21 from the
control treatment strips at 100 foot intervals to a depth of two feet in one foot increments. Soils were analyzed for NO,-N,
NH4-N, total N, total carbon, mineralizable N and soil water. Due to the cool wet summer and early frost, the corn did not
reach maturity. Silage yields were determined on October 13 and 14 by harvesting one row in 50 foot increments down the
entire strip with a mechanical silage harvester, producing 23 yield samples per strip.

Analysis of variance was performed on overall means of N treatments and on means of N treatments by soil series using
SAS. Responses to N rates were fitted to linear-plateau models (Fig 5). The response models were calculated on a moving
average basis for centroid points between adjacent replicates within transects. Silage yield, N uptake and response curve
parameters were kriged using simple kriging to generate maps showing spatial trends. Kriging is one of the more reliable
methods for estimating unmeasured points between measured points within a field area.

Results

Silage dry matter yield and N uptake were low but did respond to N fertilizer (Table 1). Silage yield and N uptake varied
considerably among soil series, especially at the zero rate of N fertilizer (Table 2). Variability in percent dry matter was also
high, likely resulting from wide variation among plants in maturity stage at the first killing frost Maximum silage yields were
fairly uniform across the field except in one of the three map units with Glencoe soil and low relative elevation (Fig 2a).
However, silage yields at the critical N rate (i.e. model plateau yields) varied to a greater extent (Fig 2b). Variation in silage
yield without N fertilizer was greater yet (Fig 2c). The model estimates of silage yield without N fertilizer {/?„; Fig 2d) agreed
closely with the measured yields without N (Fig 2c) indicating validity of the fitted linear plateau models.

Nitrogen rates corresponding with maximum observed silage yields were less variable than critical N rates, and were
spatially more contiguous (Fig 3a and 3b). This was unexpected, as the N rate at which maximum yield occurred was
expected to be more affected by random error than the model estimated critical N rate. Nitrogen response rates (/?,) varied
strongly across the field (Fig 4), ranging from zero to more than 180 pounds of silage dry matter per pound of N applied.

1 The assistance and financial support ofthe Minnesota Agricultural Experiment Station, USDA-CSRS, Soil Teq
Inc., and DMI is gratefully acknowledged.

2 Professor, Assistant Scientist, and Associate Professor, Dept. of Soil Science, Soil Scientist and Scientist,
Southwest Experiment Station; Assistant Scientist, Jr. Scientist and Post-Doctoral Research Associate, Dept.
of Soil Science, respectively.
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Discussion and Conclusions

Critical nitrogen rate can be treated as an approximation of the N rate above which no yield response is expected. The
critical rate estimates had substantial spatially related variation (Fig 3b) that would warrant variable rate application of N
fertilizer, if the critical N rates could be predicted in advance. Further analysis of the data will be performed to evaluate the
possibility of such prediction.

The map of N rates that correspond with maximum silage yield shows that more than half of the field did not produce the
highest yield at the highest N rate. Most of the field area produced the highest yield at the 80 to 120 lb acre'1 N rate. The
practical interpretation is that adding extra N fertilizer to a given recommendation does not maximize yield and most certainly
does not maximize profit.

Table 1. Corn silage yield responses to N fertilizer rates averaged over soil series. Means ± standard deviations.

N-Rate #of %Dry Matter N uptake Dry Matter Yield

lb acre'1 obs of Silage lb acre'1 ton acre"1

0 138 46 ±10 54 ±17 3.2 ±1.0

60 218 52 ±08 81 ±21 4.4 ±1.0

90 196 52 ±10 87 ±27 4.5 ±1.2

120 138 53 ±08 92 ±23 4.7 ±1.0

150 138 51 ±11 96 ±27 4.7 ±1.3

Table 2. Corn silage yield responses to N fertilizer rate by soil series. Means ± standard deviations.

Soil Map Unit

Glencoe

Glencoe

Glencoe

Glencoe

Glencoe

Normania

Normania

Normania

Normania

Normania

Swanlake

Swanlake

Swanlake

Swanlake

Swanlake

Ves

Ves

Ves

Ves

Ves

Webster

Webster

Webster

Webster

Webster

NRate

lb acre'1

# of obs

0 11

60 15

90 8

120 11

150 9

0 17

60 15

90 39

120 19

150 22

0 7

60 12

90 7

120 7

150 6

0 59

60 132

90 54

120 56

150 58

0 44

60 44

90 88

120 45

150 43

Dry Matter

% of Silage

36 ±13

41 ±14

37 ±16

48 ±7

47 ±6

45±6

48±5

52 ±7

53 ±6

55 ±5

52 ±5

58±4

59 ±4

59 ±4

60±5

49 ±7

54 ±6

56±6

54±6

53 ±7

44 ±12

49 ± 10

50 ±12

52 ±10

46 ±16

N Uptake
lb acre'1

42 ± 19

60 ± 31

52 ± 30

75 ± 20

87 ± 19

58 ± 17

73 ± 14

89 ± 19

93 ± 17

102 ± 21

53 ±

82 ±

85 ±

101 ±

109 ±

13

20

16

26

31

58 ± 15

86 ± 17

102 ± 20

97 ± 19

103 ± 19

50 ±

73 ±

82 ±

87 ±

83 ±

18

24

29

28

36

Silage Yield
ton acre'1

2.3 ± 1.2

3.2 ± 1.7

2.7 ± 1.5

4.0 ± 1.1

4.0 ± 1.0

3.1 ± 0.8

3.9 ± 0.6

4.5 ± 0.9

4.7 ± 0.6

5.2 ± 0.8

3.5 ± 0.8

4.7 ± 0.6

4.6 ± 0.5

5.2 ±0.8

5.2 ± 0.5

3.6 ± 0.8

4.8 ± 0.7

5.2 ± 0.6

5.0 ± 0.6

5.0 ± 0.7

2.8 ± 1.0

4.0 ± 1.1

4.3 ± 1.4

4.5 ± 1.4

4.2 ± 1.8
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N-

N-Rate Study Soil Map Legend

Symbol Name Drainage Class

114 Glencoe

113 Webster

446 Normania

421B Ves

595B Swanlake

Very Poorly Drained

Poorly Drained

Moderately Well Drained

Well Drained

Well Drained

Figure 1a. Soil map ol study area. The map Is based on a detailed survey of Ihe field plot; approximate scale = 1:6,000.
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Elevation Model LEGEND

Figure 1b. Elevation model of study area. Elevation data was collected with a laser Iheadolile and kriged
using simple kriging. The continuous elevation estimates were partitioned at one foot contour intervals.

1150'

570'

Figure 1c. Experimental design of nilrogen response landscape study. The field plot consisted ol six blocks. A series of
six transects (nitrogen rates) were randomized within each block. The small rectangles represent 826 (50') silage yield
samples. The box with an "X" illustrates an "N-Response replicate*.



Rgure 2a. Maximum silage yields, (kriged estimates
Irom N-response replicates) [ton acre'].
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Figure 2c. Silage yields wilhout applied nitrogen (kriged
estimates from control treatment; N-rate = 0 lb N acre-').

Rgure 2b. Silage yields at critical N-rate (P). (kriged
estimates from moving averages of linear plateau N-
response models by paired replicate) [ton acre'].

Figure 2d. Silage yield without N (kriged estimates from
linear plateau model; p0) [ton acre-'].

Silage Yields LEGEND [ton acre';

<1 1-2 2-3 3-4 4-5 >5

Figure 2. Comparison of spatial variations in silage yields. Simple kriging was used to Inlerpolale silage yields across
Ihe plot area for each parameter. Fig 2a represents measured maximum yields by N-response replicate. Fig 2b
indicates potential yields that would result from an optimum (critical) application of variable N-rates. Control treatment
harvesi data is presented in Fig 2c. Integrity of the linear plateau model estimates of potential silage yields without
applications ol nilrogen (P0) is shown by close agreement of spatial patterns in Figs 2c and 2d. Black lines in each ligure
represent one fool contour Intervals (Fig 1b).

Figure 3a. Spatial variation of nitrogen rates that
correspond with maximum silage yields (Fig 2a).

Figure 3b. Spatial variation of critical nilrogen rates (C)
that correspond with silage yields (Fig 2b).

NitrogenApplication Rate LEGEND [lb N acre']

0-40 40-80 80-120 120- 150

Rgure 3. Spatial variation of maximum (Fig 3a) and critical (Rg 3b) nitrogen application rates. The maximum nitrogen
rates correspond with measured maximum silage yields (Rg 2a) from each N-response replicate (Fig 1c). The spatial
variability map of critical nitrogen rates (Rg 3b) was generated by kriging the moving averages ol linear plateau model
estimates from paired adjacent N-response replicates. Black lines In each figure represent one foot contour intervals
(Fig 1b).
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N-Response Rale LEGEND (lb Silage Yield Increase per lb N Applied)

0-20 20-40 40-60 60-80 80-100 100- 180

Figure 4. Spatial variabilityof nitrogen response rates ((J,). Response rales vary Irom 0 lo > 180 (lb lb')
across the field.

Yield

Nitrogen Application Rate

Figure 5. Four examples of nilrogen response rate functions. Linear plateau models are presented lo
describe four N-response scenarios (i. ii, iii and iv). wnere, p0: yield without nilrogen applied [Fig 2d]; [i,:
N-response rate [Fig 4]; C: Critical N-rate [Fig 3b]; and P: crop yield at critical N-rale [Fig 2b]. N-
response scenario (i): no yield response to N applicalions; (ii): rapid N-response with low critical N-rate
and moderate yield increase; (iii): moderate N-response wilh moderate critical N-rate and large yield
increase; (iv): continuous yield increase with increasing N-rates.
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EVALUATION OF A VARIABLE TILLAGE IMPLEMENT ON CORN AND SOYBEAN YIELDS1

D.J. Fuchs, D.R. Huggins, and P.C. Robert3

Abstract

A study to determine the performance of a variable tillage implement (VTI) was conducted in com and soybean
residues in 1992 and 1993. By controlling disc depth and angle, the implement was designed to vary the
amount of crop residues incorporated in the soil. For purpose of comparison, this study included the following
conventional tillage systems: no-tillage, fall no-tillagewith spring secondary tillage, chisel plow, and moldboard
plow. In 1992, the com and soybean yields wfth VTI treatments were not significantly different than other tillage
treatments for both soil types. In 1993, com and soybean yields on the well drained Ves soil were significantly
lower with no tillage as compared to the other tillage treatments. The VTI, for the two years evaluated, resulted
in com and soybean yields that were comparable to other treatments with tillage (moldboard plow, chisel plow,
and spring cultivation).

Introduction

The objective of this study was to dynamically control the amount of residue left on the surface, according to soil type. A
variable primary tillage implement (VTI), a prototype built by DMI Inc., was tested in com and soybean residues at the
Southwest Experiment Station, Lamberton, MN in 1992 and 1993. The VTI implement was a modified 12.5-wide DMI Tiger
II®. The first and second gang of concave discs were 20-inch in diameter with 15-inch spacings. The front and rear gang
were offset by 7.5 inches. The discs for the first gang were at a 15 degree angle. Modifications were made to the second
gang, that allowed the disc angle to be changed, from 15 to 30 degrees. The angle of the second gang of discs and the
depth of both sets of gangs were hydraullcally and independently controlled from the tractor and changed "on the go" over
the field. The two gangs of discs are followed by 5 shanks with 30-inch spacing. Each shank had a 10-inch wide 'Tiger
Point" tip. The depth of the shanks was also controlled from the tractor. The shanks were followed with smaller discs that
helped level the soil.

Materials and Methods
1992

The study with soybean residue includedthe following tillagetreatments: four different settings of the VTI unit, field
cultivation, and no-tillage (Table 1). VTI shanks were set at a working depth of 10 to 12 inches for allVTI settings. The
different settings were accomplished by changing the working depth and angle of the front gang of discs. The four different
settings for the VTI unit were: 1) no disc action, 2) discs at 15 degree angle and 5 inch working depth, 3) discs at 15 degree
angle and 10 inch working depth, 4) discs at 30 degree angle and 5 inch working depth. These treatments in turn divided
three replicated mainplots of a poorly drainedWebster clay loam (Typic Haplaquolls) and a well drainedVes loam (Udic
Haplustolls). The tillage treatments were applied In early spring.

The study with com residue included subunits of chopped and unchopped residue treatment that were stripped across three
replicated mainplots of a poorly drainedWebster clay loam and a well drained Ves loam. The residue was chopped in the
fall of 1991. Each subunit was divided into the following tillage treatments: five different VTI settings, moldboard plow, and
no-tillage (Table 1). The tillage treatments were applied in early spring.

1993

The study with soybean residue includedtillagetreatments of: two VTI settings, chisel plow, no-tillage in the fall with spring
tillage using a field cultivator, and no-tillage (Table 3). The treatments were subdivided into 5 replicated mainplots of a poorly
drained Webster clay loam and a well drained Ves loam.'

The study wfth com residue included subunits of chopped and unchopped residue treatments that were stripped across three
replicated mainplots of poorly drained Webster clay loam and welldrained Ves loam. The residuewas chopped in the fall of
1992. Each subunit was divided into the following tillagetreatments: three VTI settings, moldboard plow, and no-tillage
(Table 3).

Additional management information may be found inTables 2 and 4. Yield resultsare presented inTables 5,6, 7, and 8. For
both years com and soybean yields were collected in the fall, using an Almaco plotcombine.

Support for this project was provided by a grant from the USDA-CSRS, and SoilTeq Inc.

D.J. Fuchs and D.R. Huggins are Scientistand Assistant Professor at the Southwest Experiment Station, Lamber
ton, MN 56152. P.C. Robertis Associate Professor at the Soil Science Department at the University of Minnesota,
St Paul, MN 55108.
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Results

1992

The tillage treatments did not have a significant effect on the com or soybean yields for either soil type (Table 5 and 6).
Chopping the com stalks in the fall before tillage did not significantly effect soybean yields.

1993

Soybean Residue. Tillage treatments had a significant effect on com yields on well drained Ves loam, but not on Webster
clay loam (Table 7). No-tillage was the lowest yielding treatment for both soil types, yielding 4.4 to 10.1 bu/ac less than the
other tillage treatments on the well drained soil, and 1.9 to 9.1 bu/ac less than the other tillage treatments on the poorly
drained soil (Table 7). There was no significant difference in yields between tillagetreatments that disturbed the soil surface

priorto planting (Table 7).

Corn Residue. No yields were collected on the poorly drained soil. The area was severely flooded several times, destroying
the soybean crop. On the well drained area, the tillage treatment had a significant effect on soybean yield. No-tillage yields
were 7.5 to 11.5 bu/ac less than the other tillage treatments (Table 8). There was not a significant difference in yields
between the moldboard plow and the three VTI rates (Table 8). Chopping the corn stalks in the fall before tillage had no
significant effect on soybean yields.

Table 1.1992Tillage treatments in comand soybean residue. __
Soybean Residue Corn Residue

Spring Primary Tillage Spring Secondary Tillage Spring Primary Tillage Soring Secondary Tillage

No-tillage none No-tillage none

No-tillage 1 pass with field cult Moldboard plow 2 passes with field cult.

VTI 0 deg. 0 in. 1 pass with field cult. VTI 0 deg. 0 in. 2 passes with field cult.

VT115 deg. 5 in. 1 pass with field cult. VT115 deg. 5 in. 2 passes with field cult

VT115 deg. 10 in. 1 pass with field cult. VT115 deg. 10 in. 2 passes with field cult.

VTI 30 deg. 5 in. 1 pass with field cult. VTI 30 deg. 5 in. 2 passes with field cult.

VTI 30 deg. 10 in. 2 passeswith field cult.
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Table 2. Management information for 1992.
Crop

Com

Soybean

Item

Fertilizer

Herbicides

Planting

Row Cultivation

Soil Test

Fertilizer

Herbicides

Planting

Row Cultivation

Soil Test

Type Rate Date

Urea 150 lbs N/ac 4/13/92

Lasso and

Bladex (preemergent)
Accent and

Buctril and
28 %N

3.0 lbs ai /ac

1.5 lbs ai/ac

0.031 lbs ai/ac

0.25 lbs al/ac

4% v/v

5/8/92

6/5/92

Pioneer 3615

JD 700015-ft 6-row

29,000 seeds/ac 5/6/92

once 6/4/92

PA
KjO
PH

17 ppm
131 ppm
3

Fall 1988

none

Poast Plus and

COC

Pinnacle and

Surfactant and
28 %N

0.19 lbs ai/ac

1.3 % v/v
0.004 lbs ai/ac

0.125 % v/v

1.0 % vN

6/10/92

6/11/92

Hardin

JD 75010-ft notill drill
160,000 seeds/ac

none

5/7/92

PA
KjO
PH

35 ppm
175 ppm
6.5

Fall 1990

Table 3.1993 Tillage treatments in com and soybean residue.

Soybean Residue

Fall Primary Tillage

No-tillage

No-tillage

Chisel Plow

VTI 0 deg. 0 in.

VTI 30 deg. 10 in.

Soring Secondary Tillage

none

1 pass with field cult

1 pass with field cult

1 pass with field cult

1 pass wfth field cult.

Corn Residue

Fall Primary Tillage

No-tillage

Moldboard plow

VTI 0 deg. 0 in.

VT115 deg. 5 in.

VTI 30 deg. 10 in.

Spring Secondary Tillage

none

2 passes with field cult.

2 passes with field cult

2 passes with field cult

2 passes with field cult.
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Table 4. Management Information for 1993.

Crop Item Type Rate Date

Com Fertilizer Urea 150 lbs N/ac 5/6/93

Herbicides Eradicane and

Bladex

2.5 lbs ai /ac

1.5 lbs ai/ac

5/20/93

Planting JD70006-row 29,000 5/21/93

Row Cultivation once

Soil Test: Ves loam PA
KjO

Webster clay loam pH
PA
KjO
pH

22 ppm
105 ppm
6.0

68 ppm
269 ppm
7.3

Fall 1992

Fall 1990

Soybean Fertilizer none

Herbicides Roundup (spot spray)
Lasso and

Sencor and

Ranger
Poast Plus and

Pursuit and

Basagran and
Surfactant and

28 %N

1.0 lbs ai/ac

3.0 lbs ai /ac

0.25 lbs ai /ac

0.5 lbs ai/ac
0.16 lbs ai/ac

0.031 lbs ai/ac

0.5 lbs ai/ac

0.013 % v/v

0.013 % v/v

5/26/93

5/28/93

7/21/93

Planting Hardin

JD 750 10-ft notill drill

195,000 seeds/ac 5/26/93

Row Cultivation none

Soil Test PA

PH

12.5 ppm
135 ppm
7.1

Fall 1988

Table 5. Com yields by soil type and tillage treatment in 1992.

Tillage treatment Well drained soil1 Poorly drained soil2 Averaae

(bu/ac) (std. dev.) (bu/ac) (std. dev.) (bu/ac)

No-tillage 128.7 15.9 114.0 18.3 121.4

No-tillage (w/spr cult.) 124.1 13.4 119.9 7.7 122.0

VTI 0 deg. 0 in. 130.0 13.5 126.5 5.4 128.3

VT115 deg. 5 in. 133.2 15.5 129.5 9.3 131.3

VT115 deg. 10 in. 139.1 12.2 114.6 19.2 126.8

VTI 30 deg. 5 in. 144.0 8.0 131.7 4.3 137.8

Average 133.2 122.7 127.9

1 No significant difference between tillage treatments.

2 No significantdifference between tillagetreatments.


