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CARROT RESPONSE TO NITROGEN FERTILIZER ON A MINERAL SOIL'

Carl Rosen,Bill Hutchison, Cindy Tong,and Dave Birong2

AbstractA field studywas conductedat Rosemount to refine ntoogenferKizerreccnrorjerxlaticflsfCf
ona mineral sol Thestudywasconducted as part oflarger experiment toevaluate theinteractions among nitrogen
nutrition, asterleafhopper development and incidence, and postharvest quality. Nitrogen fertilizer application had
inconsistent effects onyield. Attheearty harvest (August 23)highest yields wereobtained with 60 lbN/A while atthe
late harvest (September 19), yield was suppressed at120 lb N/A. Delaying harvest by3to4 weeks nearly doubled
total yield andincreased dry matter percentageof theroot from 115%to13.0%. Nitrogen content ofroots andshoots
increased with increasing Nrate. Petiole nitrate-N expressed onadry weight orsapbasis wasuseful for assessing
N status of carrots during the growing season.

Carrot production in Minnesota has inoeased substantially in the past five years. Interest in growing carrots has been in response toemerging fresh
and processing markets. There hasbeen very little research conducted that defines thenitrogen recfuiremente ofcanote grown m
Too littefettffiraapplied can potrintjaftyrM This study
wasconducted as part oflarger experiment toevaluate theirrteractjons among nitrogen nutrition, aster leafhopperdevelopment andincidence, and
postharvest quafty. Specifc objectives ofttre research reported
quafity, and dry matter production. 2)Evaluate theuseoftheCardy nitrate meter for determining nitrate-N in petiole sap for diagnostic purposes.

Procedures

The experimentwas concbc^ atPosenxximdurt^ Selected chemical properties in the0-6*
depth were as follows: pH, 6.6; Organic matter, 45%; Bray P1,48 ppm; andNH4OAc K, 209ppm. Anaverage of95 fb nitrate-N wasavailable in
thetop2 ft. Prior to planting, 450lbs 0-14-42 werebroadcast and incorporated. Fournitrogen rates weretested: 0,60,120, and180lbN/A. Half
theNwasbroadcast andincorporated as ureaonedaybeforeplanting (May 17). The remainder ofthe Nwas sidedressed as ammonium nitrate
onJune 16. Carrots were panted with aStanhay Precision Planter on May 18. Each plot consisted of16rows 12* apart. The planting depth was
0.75". Thevariety used was'Blaze'. Each treatment was replicated fourtimes. TheinsectiddeBaythroid2E wassprayed five times at7 to10day
intervals onhalf oftheplots starting in mid-June. Theother halfwasleftunsprayedtootetermirietheeffect ofNnutrition onaster leafhopper incidence.
Carrots were harvested ontwooccasions: August 23and September 19. Each treatment wasreplicated four times in a split plot design with
insecttirjetreatmsrtasthernainplotamlNtreat^^ The most recently mature petiolewas cxjfieded from each plot onJuly 16(roots
1/4" diameter), July 26,andAugust 4 (roots W diameter). Forty petioles werecollected from each plot Half the petioles weredried for nitrate
determination on adry weight basis. The remainderwere crushed and sap nitrate was determined with aCardy meter. At each harvest two j
secttonsof row were dug byhand. All carrotswere counted, tops removed and weighed, theroots were washed and weighed, and then a50cWn
subsample was sorted according to size and quafity. Subsamples of topsand roots were saved for dry matter and N analysis. An additional
subsamplewas takenfor asteryellows incidenoe, chemical analyses(terpenoid art isoaxirr^
Onlythe yield, N uptake, and nitrate petiole analysis will be presented here.

Results

Yield: The effectof Nfertifeerare! irisectkade treatment on yield, drymatter accumulation, and final pJam populate
Table 1. Maximum total yield tended toraeasequadraticanywithNiateupto60lbN/Aarxlthenc^creased. Most ofthe yield increase wasdue
toanincrease inforked carrots. In general, yield of marketable carrots was notaffected by N rate, presumabV dueto tr» highlevel (95b N/A) of
residual nitrate-N beforeplanting. Insecticide treatment didnotaffect total yield orquafity. Dry matter percentage of roots was notaffected by N
treatment, butsfghtty increasedwith insedtiaBtreatment Dry matter production ofroots decreased atthe higherN rates wrfledrymater production
oftheshoots increased. IrisedracletreatjriemhadnoeffedonoVyrnatt^prochx^ond Frnal plant population wasnotaffected by
Norinsecticide treatments. The effectof N fertilizer andinsecticide treatment on yield, dry matter accumulation, and final plant population on

September19is presented inTable 2. Delaying harvest by 3 to 4 weeks nearly doubled carrot yield regardless of treatment. Total yield was not
consistently affectedby N treatment Lowest yield occurred at the 120 tb N/A ratewhilehighestyieldoccurred at the 60 and 180 lb N/A rates.
Insecticide treatment tendedtodecrease the yield of forked carrots. Delaying harvest by 3-4weeks increased root drymatter by about1-2%. Dry
matterpercentage of roots was highest when N was notapplied. As inthe first harvest insecticide treatment tended to increase root drymatter
percentage. Dry matter production of shoots and roots was notconsistently affected by N rate. Insecticide treatment had no effecton drymatter
production of roots orshoots. Final plant population was notaffected by Norinsecticide treatments.

NitrooencmertandctycentrartiMt

date (Tabte 3). Mtrogen content oftheshoots wasabout twice that ofthe roots. Total Ncontent ofshoots androots ranged from 60lbN/A without
N fertilizer applied to 100 lb N/Awhen suppliedwith 180 tb N/A. On the second harvestdate, similar trends were observed: N content and
corx«ntrafonrf sheets and reels inaBasedwfo Incontrastto ttiefbsthanrest date, Ncortert in roc^

u

'Funding forthis study wasprovided byAURI. M
2Extension Sort Scientist Dept Soil, Water, and Climate; Associate Professor, Dept Of Entomology; Associate Professor, Dept Of Horticultural
Science; Assistant ScientistDept of So3, Water, andClimate.
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thanthat in shoots on the second harvest date. Total N content of shoots and roots ranged fromabout 100 lb N/A when c^own in controlplotsto
140 lbN/A inplots suppfied with 1801b N/A. Insecticide treatment hadnoeffect onNcontent orcoricentralions d shoots androots at either harvest

Petiole nitrate: Atall sampling dates, nitrate-N on a dry weight and sap basisincreased linearly with increasing N rate. Insecticide treatment hadno
effect on petiole nitrate on July 16andtendedto lower nitrate concentrations on a dry weight basis onJuly 26 andon a sap basison August 4.
Reasonsfor thisapparent lowering innitrate concentrations arenot known. The petiole test on either a dryweight orsap basisdoes appearsto be
usefultorassessir^ N status of carrots; however, since yieldwas not consists
interpretation of the petiole nitrate concentrations reported. When the rootdrameter at tta^
basis werebetween 4000to5000ppm(0.4 to05%)andona sapbastsranged from 1000to 1200ppm. Bythe timeroot diameter was about%".
petiole dry weio#nitrate-N decreased to0.04 to0.15% and sapnftrate-N decreased to150to350ppm. Further stutfies where a response to Nis
obtained are needed to calibrate the petiole nitrate test interpretations.

Table 1. Effect of nitrogen fertility and alfalfa leaf hoppe!r treatsitents on carrot yielc1 and qilality; August

23, },??§, .
Dry

Treatment

^41 Forks

— Root Diameter —

<%" % to W. >33bm

Total

Yield

Matter

Root

— Dry Matter

Roots Tops Total

Carrot

# N Insecticide Donulation

lb/A

1.0

%

11.3

_ w HVme / &^**A ___ plants/ft

6.013.9 49.2 11.5 91.0 0 165.6 0.94 1.39 2.33

2. 0 + 6.9 37.8 26.7 120.4 0 191.8 11.8 1.13 1.24 2.37 6.7

3. 60 8.5 90.4 18.7 98.2 0 215.8 11.9 1.28 1.59 2.87 6.4

4. 60 + 8.4 51.8 22.2 111.0 0 193.4 11.7 1.13 1.52 2.65 6.6

5. 120 8.7 75.0 22.7 77.9 0 184.3 12.0 1.10 1.61 2.71 6.6

6. 120 + 15.2 44.2 12.7 119.2 0 191.3 11.8 1.14 1.57 2.71 5.7

7. 180 14.4 49.8 16.2 87.5 0 167.9 11.1 0.93 1.44 2.37 6.1

8. 180 + 2.6 59.0 19.0 108.6 0 189.2 12.0 1.14 1.66 2.80 6.1

Significance + NS NS NS NS NS NS NS NS 16

(BLSD) 12.5

Main Effects

ILSatS

^ 0 10.4 43.5 19.1 105.7 0 178.7 11.5 1.04 1.31 2.35 6.3

60 8.4 71.1 20.5 104.6 0 204.6 11.8 1.21 1.55 2.76 6.5

120 11.9 59.6 17.7 98.6 0 187.8 11.9 1.12 1.59 2.71 6.2

180 8.5 54.4 17.6 98.0 0 178.5 11.6 1.04 1.55 2.59 6.1

Significance NS NS NS NS — NS NS NS + + NS

Lin Rate N NS NS NS NS — NS NS NS ++ NS NS

Quad Rate N NS + NS NS —
+ NS + + ++ NS

Insecticide

- 11.4 66.1 17.3 88.6 0 183.4 11.6 1.06 1.51 2.57 6.3

+ 8.3 48.2 20.2 114.8 0 191.5 11.8 1.14 1.50 2.64 6.3

Significance + NS NS NS — NS + NS NS NS NS

Contrasts

++ NS NS NS ~ NS NS NS NS NSN rate*Insecticide NS

o

NS = Not significant; ++ and + = significant at the 10% and 20% level, respectively.

n
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fertility and alfalfa leaf hopper treatments on carrot yield and quality;

Treatment

-<A1 Forks

— Root Diameter —

<%• % to VA" >1M-

Total

Yield

Dry

Matter

Root

%

13.4

— Dry Matter

Roots Tops Total

Carrot \_J
# N Insecticide population

lb/A

1.0

plants/ft

5.613.8 151.8 7.6 198.8 21.1 393.1 2.59 1.82 4.41

2. 0 + 21.3 79.8 2.3 239.8 61.3 404.5 13.9 2.79 1.90 4.69 4.8

3. 60 16.2 172.4 6.2 155.3 62.8 412.9 12.9 2.64 2.07 4.71 4.8

4. 60 + 22.4 114.9 27.6 232.2 5.4 402.5 12.8 2.-56 2.02 4.58 5.7

5. 120 12.2 143.1 3.1 187.6 6.0 352.0 12.5 2.19 1.88 4.07 5.0

6. 120 + 14.5 152.7 4.2 180.9 27.1 379.4 13.6 2.58 1.80 4.38 4.1

7. 180 9.2 169.1 11.4 182.1 64.6 436.4 12.9 2.81 2.27 5.08 4.8

8. 180 + 11.8 103.7 2.9 200.6 62.2 381.2 13.5 2.58 1.78 4.36 5.4

Significance NS + + NS * NS IB + NS + NS

(BLSD) — 98.1 26.2 — 56.3 — — 0.55 — 0.96 —

Main Effects
N Rate

0 17.5 115.8 4.9 219.3 41.2 398.7 13.7 2.69 1.86 4.55 5.2

60 19.3 143.6 16.9 193.7 34.1 407.6 12.8 2.60 2.05 4.65 5.2

120 13.4 147.9 3.6 184.3 16.6 365.8 13.0 2.39 1.84 4.23 4.6

180 10.5 136.4 7.1 191.4 63.4 408.8 13.2 2.69 2.02 4.71 5.1

Significance NS NS NS NS ++ + NS + NS + NS

Lin Rate N + NS NS NS NS NS NS NS NS NS NS

Quad Rate N NS NS NS NS • NS + ++ NS NS NS

Insecticide

- 12.8 159.1 7.1 180.9 38.7 398.6 12.9 2.56 2.01 4.57 5.1

+ 17.5 112.8 9.2 213.4 39.0 391.9 13.4 2.63 1.88 4.51 5.0

Significance NS ++ NS + NS NS + NS NS NS NS

Contrasts

N rate*Insecticide NS NS + NS • NS NS + NS + +

NS = Not significant; *, ++ and + = significant at the 5%, 10% and 20% level, respectively.

Table 3. Effect of nitrogen fertility and alfalfa leaf hopper
concentration: August 23. 1996.

JttSftflnSO£_

# N Insecticide

lb/A

1. 0

2. 0 +

3. 60

4. 60 +

5. 120

6. 120 +

7. 180

8. 180 +

Significance

(BLSD)

BainJSffscts
iLEaXfi.

0

60

120

180

Significance

Lin Rate N

Quad Rate N

Insecticide

+

Significance
Contrasts

N rate'Insecticide

Top _Rfl2t_

— lbs/A -

Total

44.4 18.2 62.7

36.9 23.6 60.5

56.5 34.1 90.6

48.7 28.5 77.3

54.6 32.0 86.6

63.8 33.1 97.0

65.4 29.7 95.0

62.6 35.6 98.3

18.0 9.8 20.6

40.7 20.9 61.6

52.6 31.3 83.9

59.2 32.6 91.8

64.0 32.6 96.7

## ** *«

NS

55.2 28.5 83.7

53.0 30.2 83.2

NS NS NS

NS NS

O
treatments on carrot nitrogen content and

Top Root

% N

1.61 1.03

1.49 1.05

1.81 1.34

1.61 1.28

1.75 1.46

2.05 1.46

2.29 1.60

1.84 1.57

0.31 0.17

1.55 1.04

1.71 1.31

1.90 1.46

2.07 1.59
** #*

NS

1.87

1.75

NS

1.36

1.34

NS

NS
u

NS = Not significant; ++ and + = significant at the 1%, 5%, 10% and 20% level, respectively.
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Table 4. Effect of nitrogen fertility iand alfalfa .Leaf hopper tretatments on carrot: nitrogen content and

coneentrat-i m ? September 19. 1996.

\ Treatment 1(Jitrooen content Nitrogen_congentration

t N Insecticide Too Root Total TOR Root

lb/A

1.0 40.8 51.2 92.0 1.13 0.98

2. 0 + 47.0 58.0 105.0 1.22 1.04

3. 60 59.0 61.6 120.6 1.42 1.17

4. 60 + 56.2 61.7 117.9 1.37 1.21

5. 120 66.7 60.5 127.2 1.78 1.38

6. 120 + 49.1 64.2 113.3 1.41 1.25

7. 180 72.8 76.2 149.0 1.61 1.36

8. 180 + 63.9 71.1 135.0 1.78 1.40

Significance ++
* ft* # **

(BLSD) .28.2 14.6 27.6 0.53 0.26

Main Effects

N Rate
0 43.9 54.6 98.5 1.17 1.01

60 57.6 61.7 119.3 1.40 1.19

120 57.9 62.4 120.3 1.60 1.32

180 68.3 73.7 142.0 1.70 1.38

Significance • #* ** ** **

Lin Rate N
* * • • ** **

Quad Rate N NS NS NS NS NS

Insecticide

_ 59.8 62.4 122.2 1.49 1.22

+ 54.0 63.8 117.8 1.45 1.22

Significance NS NS NS NS NS

Con&a&s,

N rate*Insecticide NS NS NS NS NS

NS = Not significant; **, * and ++ = significant at the 1%, 5% and 10% level, respectively.
r^

Table 5. Effect of nitrogen fertility and alfalfa leaf hopper treatments on carrot petioles (dry weight basis)
and nitrate concentration in petiole sap.

Julv :16 Julv 26 Auoust 4

Treatment dry weight

Petiole-w

sap

Horiba

dry weight

Petiole-N

sap

Horiba

dry weight
petiole-N

sap

# N Insecticide Hpriba

lb/A

1.0 4523 950 2431 500 448 171

2. 0 + 3716 1015 1774 455 306 123

3. 60 4645 1035 2923 535 480 185

4. 60 + 4514 1023 2584 708 510 190

5. 120 4563 1123 3259 663 1288 358

6. 120 + 4964 1035 2555 548 1240 308

7. 180 5202 1295 3661 683 1442 395

8. 180 + 5315 1173 3073 835 1708 290

Significance NS NS + ** ft* ft*

(BLSD) ~ ~ 1825 186 704 111

Main Effects

M_Sate

0 4120 983 2103 478 377 147

60 4580 1029 2753 621 495 188

120 4764 1079 2907 605 1264 333

180 5259 1234 3367 759 1575 343

Significance NS + ♦♦ ** ** **

Lin Rate N ft * * ** •* **

Quad Rate N NS NS NS NS NS NS

Insecticide

- 4733 1101 3068 595 914 277

+ 4627 1061 2497 636 941 228

) Significance NS NS + IB NS *

Contrasts

N rate«Insecticide NS NS NS ++ NS NS

r^

NS = Not significant; ++ and + = significant at the 1%, 5%, 10% and 20% level, respectively.
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TILLAGECOMPARISON AT ROSEMOUNT, 1998'

L M.Wallach, D.R. Linden, K.L. Walters, R.H. Dowdy, R.R. Allmaras, C.E. Clapp, and J. Rowe2

Abstract ^-^

A longterm tillage system study was initiated at Rosemount in 1991. Fourtillage systems including conventional, conservation,
ridge, and minimizedtillagesare used withcontinuouscom and com/soybean rotations. Nitrogen inputs remained constant across
alltreatments plantedto com withno nitrogen applied to treatments insoybeans. The objective of the study is to determine the long
termeffects of various cropping systems on herbicide movement, earthworm activity, grain yield, nutrient availability, nutrient
uptake, root distribution, and soil quality. Preliminary results are available formany of the objectives. Grainyield, com emergence,
surface residue, earthworm activity, and aggregate stability are presented in this report.

Site: An 18 acre site at the Rosemount Agricultural Experiment Station was chosen for study. The dominantsoil type is a
Waukegon Silt Loam (Typic Hapludoll) which has 20 to 32 inches of silt loam overlying calcareoussand and gravelwitha slope of
less than 2%. The site was grid sampled prior to plot layout

Experimental Design

The site was separated into36 plotsof 0.4 acres each. A continuous com (CC), com/soybean (CS) [soybean 1996], and
soybean/com (SC) [com 1996]rotations were planted into fourtillage systems ina randomized complete block design withthree
replications. The four tillage systems are described as:

Conventional (T1): Plotsare moldboard plowed following com and chisel plowed following soybeans. Diskand/or field cultivateto
prepare seedbed. One or two cultivations after plantingas needed.

Conservation (T2): Plotsare chisel plowed following com withno fall tillage following soybeans. Diskand/orfield cultivate to
prepareseedbed forsoybeans. Com is no-till seeded intosoybean stubble. One ortwo cultivations after planting as needed.

Ridge-till (T3): No tillage following com or soybean. Planting is done in ridges formed by previouscultivation. Two cultivations
following planting to control weeds and re-establish ridges.

Minimized Tillage (T4): Generally, no primary orsecondary tillage is prescheduled. Tillage will be performed onlywhen soilor
weed conditions require attention. Cultivation performed only when determined necessary. \___J

Experimental Procedure

All CCandCS conventional tillage plots were moldboard plowed on April 30. Also, SC conventional tillage plots andCCandCS
conservation tillage plots werechisel plowed onthesame day. All ofthe conventional and conservation plots were field cultivated
prior to planting. Com(Pioneer 3751) was planted in the CCand SC plots across all tillage systemson May 21. The seeds were
planted at a population of28,000 seeds/acre. Lorsban insecticide wasbanded over the row onall continuous com plots ata rate of
8 oz/1000feet of row. Comemergence wascounted from two 20'sections ofrow ineach plot periodically for the first four weeksof
growth. Com standswereobserved and recorded during the season andthe final plant population was recorded on October 1.
Soybeanswere planted on May 30 and May 31 at a rate of60 lbs/acre to a depth of 2* inall CS plots. The Hodgson variety was
used which contains 2900 seeds/lb. Dual II was broadcast on June 4 to all plots at a rate of 2.25 pints/acre to control pre-emergent
broad-leaved weeds. Alsoon June 4, Round-up Ultra was broadcast on allno-till soybeanplotsat a rateof 1 %quart/acre. On
June4, all plots planted to com werebroadcast sprayed with 15 pint/acre of Buctril and11 oz/acre 2,4-D. On July2 all plots
planted tosoybeans in 1996 were broadcast sprayed with 1.5pint/acre of Basagran and .25 oz/acre of Pinnacle. Also onJuly 2, all
plots planted tocomwere cultivated with the6 row Hinnicker Sweep, all ridge-till com plots were re-ridged, andall com plots
received 105lbs/acre ofnitrogen fertilizer (as28% solution). Between July 12and July 17all continuous com ridge-till plots were
hand-weeded. Fusilade wasbroadcast on all plots planted tosoybeans ata rate of12oz/acre onJuly 22. All plots were harvested
onOctober 22. Tillages were not performed in thefall as laid out in theexperimental procedure due tothesoil freezing earlier than
expected. The LSDcomparison of means procedure at 5% was used to analyzeall of the data inthis paper.

Results and Discussion

Crop Results- Grain yields and moisture percentages from all tillages and rotations are given in figures 1-3 and table 1. Com
emergence datais given in figure 4, andsurface residue percentages arelocated infigure 5.

'This project was supported bythe University of Minnesota Agricultural Experiment Station at Rosemount andthe USDA-'
ARS Soil and Water Management Unit In St. Paul.

*L M. Wallach, D.R. Linden, R.H. Dowdy, R.R. Allmaras, and C.E. Clapp are Biological Sciences Research Technicians-^
Soil Scientist, Soil Scientist, Soil Scientist, and Research Chemist of the USDA-ARS and the Soil, Water, and Climate Department
of the U of MN, St Paul, MN. K.L Walters and J. Rowe are at the U of MNAgricultural Experiment Station at Rosemount
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The yield was measured ingrain weight from themiddle 12rows inthe com plots andthe middle 8 rows inthe soybean plots.
Continuous Com (CCh Conventional andconservation tillages yielded the highest, minimizedlillage was inthe middle,and ridge

^jjllage yielded the lowest (fig. 1). The continuous com yields averaged over five years rank the tillage systems differently than that
f\ 1996 yields. The five year average places conventional highest followed by conservation, ridge, and minimized tillage.

Com Following Soybeans (SC): The1996 com yields in thesoybean/com rotation were greatest under conventional tillage,
conservation and ridge tillages were in themiddle, and minimized tillage yielded thelowest (fig. 2). The five year average for the
soybean/com rotation also ranked conventional first, followed byconservation, ridge, and minimized tillages.

Soybeans Following Com(CS): The 1996 soybean yields In thecom/soybean rotation wereall similar (fig 3). The five year
average soybean yield ranked conventional first, followed byridge, conservation, and minimized tillage.

Residue: Residue cover atplanting isshown in figure 5. Conservation, ridge, and minimized tillage provide enough com and
soybean residues on the surface to meet the erosion control requirements, which stipulates that at least 30% of the surface must be
covered atplanting. It must benoted that in the conservation tillage plots, com isno-tilled into the previous years soybean stubble
leaving the soybean stubble on the surface. Ridge tillage plots provided sufficient residue to meet conservation compliance under
the continuous com and the soybean/com rotation. The conventional tillage system provided enough residue tomeet conservation
requirements in the plots cropped to com in 1996 following soybeans oniy. The other conventional tillage plots did not provide
enough surface residue to qualify for the conservation requirements. It might be expected that the SC plots in conventional tillage
would contain at least 30% residue cover over thewinter since theyarechisel plowed inthe fall, but the fall chisel plowed soybean
plots (soybean in 1995, com in 1996) only had 12.6% residue cover at planting. This is consistent with the previous years residue
data, where the fall chisel plowed soybeans only left 13.3% surface residue. Although, in the past two years, these fall tillage
operations have been performed in the spring. Greater residue percentages would have been on the surface of these plots over the
winter than the percentages thatwererecorded before planting.

Emergence: Com seedling emergence was first recorded on June 5,15 days after planting (fig. 4). Most plots had between 88-
99% emergence at this time, except minimum (both CC and SC) and ridge (only CC) tillage plots which showed 23-59%
emergence. Emergence had increased across all plots by the 20th day after planting, but the percentages remained variable
between the cropping systems. This variability is presumably due to the spring soil moistures*and temperatures. Figure 4shows 3
different com emergence trends. Conventional (CC and SC). conservation (CC and SC). and ridge (SC) plots sprouted com quickly
with 88-99% emergence 15 days after planting. The second trend is within the ridge (CC) plots and the minimized (SC) plots where
they had only attained 55-59% emergence after 15 days. The last and slowest trend was seen in the minimized (CC) plot where
only 23% emergence was seen after 15 days. The com emergence trend in 1996 is fairly similar to the trend seen previously,

>*except that, in general, the emergence numbers were somewhat higher in 1996 than in 1995. Com seedling emergence exceeded
' )0% for all cropping systems 28 days after planting. In the conservation tillage plots under the continuous com rotation there are

emergence levels that go above 100%. This is thought to be the case due to com cobs that have remained in the soil from previous
years. These com cobs sprout plants that could have led us to count more than what should have emerged based on the number
of seeds planted.

Earthworm Results: Earthworms were sampled from all plots todetermine differences in populations between tillages and rotations.
Mustard flour extraction had tobeused tomeasure thepopulations ofLumbricus terrestris in thespring and excavation and hand-
sorting were used for Aporrectodea tuberculata in the spring and fall. The population data can be found in table 2. Also, earthworm
surface castings were measured in the fall.

L. terrestris POPULATIONS: Twenty nightcrawlers (L terrestris) were inoculated atthe same location in each plot during the spring
of1995. An estimate ofnightcrawler survival was obtained during the spring of1996. This was done using the mustard flour
extraction method described byHogger, 1993. at each site ofinoculation. Ridge tillage had the highest number ofnightcrawlers
extracted, conservation and minimized tillages were in themiddle, and conventional tillage extracted thelowest number of
nightcrawlers. L terrestris prefers stable soil conditions so as to keep their burrows intact. This occurs under the ridge and
minimized tillage systems. They most likely favor the ridge tillage system for its warmer soil temperatures over the minimized tillage
system, aswell as the added surface biomass from the weed pressures that have been observed under ridge tillage. Conservation
tillage appears to beaslightly more favorable environment for the nightcrawler ascompared with conventional tillage. Conservation
tillage leaves more residue at or close to the surface and leads to less destruction of burrows. The CS (soybean in 1996) plots had
ahigher number of nightcrawlers extracted than either ofthe other two rotations. More data will becollected in the future.

A.tuberculata POPULATIONS: The earthworm A. tuberculata was measured inthe field by taking a 1 foot indiameter and 1 foot
deep sample ofsurface soil from each plot once in the spring (between June 10-12) and once in the fall (between October 4-9) (fig.
6). The samples were brought back to the lab and hand-sorted for earthworm numbers. This isthe natural earthworm population
distribution in the experimental plots. When comparing crop rotations, the CS (soybean 1996) rotation had the greatest number of
A. tuberculata for both samplings. When comparing tillage, conventional and ridge tillage had the highest numbers. Figure 6 shows
the CS rotation under conventional tillage in the spring ashaving 3worms, but increasing greatly bythe fall to18worms. It should
benoted that the spring sampling took place a little over amonth past the tillage operations, which is why the numbers are low. The
CS rotation inthe fall hadincreased to 18worms intheabsence ofanytillage for months. A.tuberculata are subsurface feeders so

/*~Nhe conventional tillage system leaves them a lot ofdecomposing residue ata depth they would prefer. They also are not as
attached totheir burrow system and are not prone to relocate if the system becomes destroyed. Conventional tillage soil isalso
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very loose, so A. tuberculata caneasily maneuver through thesoil. The ridge tillage system maintains higher soil temperatures with
the elevated ridges. There also may bemore biomass available tothem from theobserved weed pressure in the ridge tillage
system.

Surface Castings: Earthworm castings were measured in every plot during the fall of1996. The casts were measured bylength in
millimeters across their longest axis. All of thecastswithin onesquare foot weremeasured. Thecastings wereclassified as either
A.tuberculata orL terrestris, sincethese aretheonly two species present andtheir castings are fairly distinguishable from each
other. The castingswere placedinto5 size categories: 0-5 mm,6-10 mm, 11-15mm, 16-25mm, and 26+mm. The L terrestris
had oneextra category for middens. Middens are thesurface oftheir vertical burrows and are a mixture ofcastings and residue.
Length and width ofmiddens were measured, but for theanalysis only the number ofmidden per plot was used. Significant
differences were found in almosteverysize class for tillage and/or rotation.
Bstalisn- Castings of A.tuberculata and L. terrestris were statistically more numerous inthe CS (soybean in1996) rotation than the
CC (continuous com) ortheSC (com in 1996) rotation, which were statistically similar. This was true ofall sizeclasses except the
0-5mm for bothspecies of earthworm. In the 0-5mm size classthe rotations ingeneral appeared similar inrelation to numberof
earthworm castings. It wasexpected that theCS rotation would contain more earthworms since soybeans contain more protein
than com and earthworms are attracted to this highprotein food source.
77//aoe (A. tuberculata): Thecastings ofA. tuberculata were themost numerous overall in the ridge tillage plots and theleast
numerous overall in theconventional tillage plots (figs. 7,8, and 9). In the0-5 mm, 6-10 mm,and 11-15 mmsizeclasses, castings
were highest under ridge tillage. In the 16-25 mmsize class, castings weresimilar across all tillages. In the 26+ mmsize class,
castings were the highest under ridge andminimized tillages. Thehigh number under ridge tillage isconsistent with the sampled
earthworm numbers, buttheconventional tillage had considerably lesssurface castings than would havebeensuggested bythe
earthworm numbersinthose plots. This is due to the nature of the residueunderconventional tillage. There is almostno surface
residue underconventional tillage, all of the residue is at the plow layer. Earthworms would have no reasonto surface inorder to
eatandcast Also, during thecast sampling there wasalmost no precipitation andthe soils wereverydry. Had itbeen spring or
during a period of greater precipitation, the surface castings mayhavebeen greater for thistillage. The ridge tillage (as well as the
minimized tillage) would promotemoresurfacecastingseven during times of less precipitation since the residues remain at the
surface. The surface residues also provide cool places andshelter from any hungry earthworm predators.
77//aoe (L. terrestrisY. The castings of L terrestris werethe mostnumerous overall inthe ridge tillage plots andthe leastnumerous
overall in the minimized tillage plots (figs 10,11, and 12). In the0-5mmandthe 6-10 mmsize classes, all casting amounts are
similar. This isduetothe fact that L terrestris castings bynature area larger sizedcast. In the 11-15 mmsize class, castings are
highest under ridge tillage. In the 16-25 mm sizeclass, castings arethe highest under ridge andconservation tillages. In the 26+
mm size class,castings are the highest underridge tillage. The middens showedno differences betweentillages, butwere more
numerous under the CS (soybean 1996) rotation. A lot less L terrestris castings were found thanA tuberculata so notmany , ;
differences were detected between the tillages. The minimized tillage may have shown up asless significant in some size classed
because itwas moredifficult to measurecastings under thattillage system since therewas so muchresidueon the surface,grass
growing inthe sampleareaswhich hadto be cutaway before counting, anda more hummocky surface whereresidues andcastings
would fall down intoholes that were filled with residue whichwere difficult to recovercastings from.

1995Aggregate stability results: Samples weretaken from all experimental plotson three different dates in 1995: May24 (S1),
June 15-16 (S2), and June 28-29 (S3). Two depths were sampled from allthe plotson each date: 0-7.5 cm (top sample) and 7.5-
30 cm (bottom sample). 50 gramsof air-dried soil from each plot, depth,and date underwentJhe wet aggregate submersion
method (modified Yoder, 1936). Rve sieves (4 mm, 2 mm, 1 mm, 500 micrometer, and 250 micrometer) were nested on top of each
other,withthe largestsieve at the top and the smallest sieve on the bottom. The samples were then placed intothe top sieve and
lowered into room temperature deionized water to soak for 10 minutes. The sieves were attached to a vertical shaker and after
soaking, they were shook for 10 minutes. Then the samples were recovered fromeach sieve size. Each sieve fraction was
measured in dry weight and was expressed as a percentageof the total50 gramsample. The percent aggregates greater than 1
mm were added together and reportedhere since this fraction of aggregates is the most sensitive to tillage differences. The
aggregate stability data can be found in table 3.

AggregateStability (% aggregates greaterthan 1 nwi): In the top samples, the greatest aggregate stability was under minimized
tillage(fig. 13). The next greatest aggregate stability was under ridgeand conservation tillage,whichwere similar. The weakest
aggregate stability was under conventionaltillage. In the bottomsamples, the weakest aggregate stability was also under
conventional tillage (fig. 14). The other three tillages had greater aggregate structure and were similar,except for the sample from
ridgetillage on the June 28-29 sample date. Aggregates don't have much time to form intolargeconglomerationsunder more
intensivetillage practices since the soil is greatly disturbed annually. Underthe minimized and ridge tillage systems larger
aggregates have a chance to form since tillage operations are minimal. There weren't differences between rotations.

Conclusion

The datacollected andanalyzed from this experiment inthe pasttwo years have been moreindepthandshow morecomplexities
within the different systems. Even thoughthe yieldsinthe conservation tillages have not surpassed those of the conventional
tillage, other measurable qualities, suchas the earthworms andaggregates, aregreater under these alternative tillage methods. **
the soils are built up under these less intensive tillage practices from the increased residues and biological activity, the yields malj
increase. After the production methods are in practice for even longer periods of time new trends may emerge. More biological,^^^
physical, and chemicaldata will be collectedin future years to monitor the trends.



r>

r^

r\

37

Table 1 Grain yields for the tillage study
at Rosemount 1996.

Treatment Grain Yield

Tillage Rotation 1996

bu/ac mt/ha

92-96 avg.
bu/ac* mt/ha*

Conventional

(T1)
ContCom

Com/Soy
Soy/Com

153.01

39.51

154.73

8.11

2.31

8.2

140.782

40.702

154.486

7.464

Z342

8.19

Conservation

(T2)
Cont.Com

Com/Soy
Soy/Com

135.41

37.98

142.04

7.18

2.22

7.53

128.642

39.956

141.608

6.82

2.3

7.506

Ridge-Till
(T3)

ContCom

Com/Soy
Soy/Com

50.76

40.29

112.65

2.69

2.36

5.97

114.452

39.818

142.27

6.066

2292

7.54

Minimum-Till

(T4)
Cont.Com

Com/Soy
Soy/Com

95.52

38.66

106.91

5.06

2.26

5.67

110.184

39.732

130.302

5.64

2288

7.052

'For 1992-1996 grain averages, the CS column is the average of ail
soybean yields within a particular tillage and the SC columnis the
average of allcom yields withina particular tillage forail plots in the
com/soybean rotation.

Table 2 A. tuberculata and L. terrestris Populations per square foot
for the Tillage Study at Rosemount, 1996

Treatment

Tillage Rotation

A. tuberculata populations
L terrestris

Mustard Flour

Extraction

Spring 1996 Fall 1996 Spring 1996

Conventional Cont.Com CC 2 5 0

(T1) Corn/Soy CS 3 18 0

Soy/Corn SC 4 6 0

Conservation Cont.Com CC 1 3 0

(T2) Corn/Soy CS 5 11 1

Soy/Com SC 3 2 0

Ridge-Till ContCom CC 0 5" 3

(T3) Com/Soy CS 15 9 1

Soy/Com SC 6 8 2

Minimum-Till ContCom CC 3 6 0

(T4) Corn/Soy CS 4 2 2

Soy/Corn SC 5 5 0
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Table 3 Aggregate Stability for Ihe
Tillage Study al Rosemouni, 1995

I

Treatment % Aggregates > 1mm

Tillage Rotation s1 • s2" S3

top" bottom"" top bottom top bottom

Conventional Cont.Corn CC 14.507 23.49 2082 19.87 16.863 21.63

(T1) Soy/Corn SC 22.873 28.453 21.613 19.533 14.493 22.317

Corn/Soy CS 19.127 23.483 20.973 21.003 1683 17.033

Conservation Cont.Com CC 20433 29.537 21.127 2929 23.063 29.033

(T2) Soy/Corn SC 26.463 31.46 31.803 31.11 24.38 26.893

Com/Soy CS 28.49 32887 28.383 35213 24.833 29.673

Ridge-Till Cont Corn cc 21.757 34877 24 067 29 507 26 08 22.15

(T3) Soy/Corn SC 25 6 32 16 32 73 34 3 23543 22 477

Corn/Soy CS 26 8 33 66 33017 29 117 30 28 30 337

Minimum-Till Com Corn CC 41 503 35 94 30 977 29 447 31 527 2631

<T4) Soy/Corn sc 35 493 2904 39 647 29 983 32 503 32 927

Corn/Soy CS 28.143 26 593 33983 28 727 33 193 28763

* si is May 24 sample date, s2 is June 15-16 sample date. S3 is June 28-29 sample date
" top sample is 0-7.5cm depth
'"bottom sample is 7.5-30cm depth

Aggregate Stability
by Tillage for 0-7.5cm Samples

Fig 13

Conventional Conservation

* Convenlional tillage had Ihe least aggregates of
this size for all sample dates, bul on ihe lime 15-16
sample date this conservation tillage sajtipte was

similarly as low

ge Mtnimir.ci

•• Minimized tillage had the gtealest
aggregates of this size for all sample dates,
but on Ihe lune 28-29 sample date this ridge
tillage sample was similarly as high

Sample
Date

May 24

June 15-16

•
June 28-29

rig 14

Aggregate Stability
by Tillage for 7.5-30cm samples

Sample
Dates

Conventional Conservation Ridge Minimized
• Convenlional tillagehadihe leastaggregates of this sire forall sample dates,
buton the lune 28-29sampledatethisridgetillage samplewassimilailyas
low Allothersamples weresimilarly higher in percent aggregates
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NITRATE LOSSES THROUGH SUBSURFACE TILE DRAINS FOLLOWING
CRP, ALFALFA, CONTINUOUS CORN AND CORN/SOYBEAN ROTATIONS

LD. Klossner, D.R. Huggins, G.W. Randall, and M.P. Russelle1 ^-/

ABSTRACT

Nitrate losses in tile drainage water have negative implications for both production and enivironmental aspects of agriculture.
In 1988. four crop systems: continuous com, corn-soybean, alfalfa and Conservation Reserve Program (CRP, 50% alfalfa, 50%
smooth brome) were established atthe Southwest Experiment Station in Lamberton to determine cropping system effects on biomass
yields. Nuptake, residual soil NO,- and NOy andpesticide losses through tile drains. In 1994. theCRP andalfalfa treatments were
converted to com to assess whether converting land from CRP to annual crops could significantly affect water quality. In 1995. the
previous CRP and alfalfa treatments were again planted to com. In 1996. the previous CRP and alfalfa treatments were planted to
soybeans. No significant yield differences were observed in the continuous com and soybean-Corn rotations. Soybean yields were
significantly less in the cn^SjJ rotation ascompared to the alf-c-c-SB and crp-c-c^SB rotations. Crop rotation significantly effected tile
flow in 1996, tile flows ranged from a high of 7.02 acre-in in continuous com to a low of 5.23 acre-in in alf-c-c-SB. Tile flows peaked
in June. Continous com nitrate concentrations were significantly higher than the other crop rotations, 10.58 ppm, while concentrations
of7.36 were observed in alf-c-c-SB. Nitrate concentrations were highest in May and July. Nitrate losses were highest in June
Continuous com had the highest losses, 11.26 lb/A, and alf-c-c-SB the lowest 6.08 lb/A. Nitrate losses were less in 1996 as
compared to 1995.

INTRODUCTION

The nitrogen-pesticide movement study was initiated in 1988 todetermine theeffect offour cropping systems (continuous
com, corn-soybean, alfalfa and CRP) on above ground biomass yield and NCyN loss in tile drainage water. The study is located on
fifteen drainage plots originally established atthe Southwest Experiment Station, Lamberton in 1972. From 1973 to1979 nitrogen rates
of18to400lbN/A wereapplied tocom. From 1980 to 1985. continuous comwithout Nand in1986and 1987continuous comwith
only 50lb N/A was grown toreduce the effects of previous N-rate applications. In 1993, phase 2 ofthenitrogen-pesticide movement
study was initiated toaccess nitrate lossesthrough tile drains following conversion ofCRP andalfalfa tocomandsoybeans.

METHODS AND MATERIALS

In the spring of1988four cropping systemswere assignedto fifteen drainage plots (45'x50') ina randomized, comp' i
block design with three replications. The plots are isolated by plastic to a depth of 6'. The four cropping systems included: continuw/
com,corn-soybean sequence, continuous alfalfa, and continuous CRP (Conservation Reserve Program). Inthe fall of1993, phase
2 of the study was initiated to evaluatethe following cropping systems: continuous com, alfalfa-Corn. cm-Corn. corn-Soybean and
soybean-Corn. Starter fertilizer was applied to the continuouscom, alfalfa-Corn. crp-Comand sovbean-Com plots. These same
crops were continued in 1995. In1996.the alfalfa-Corn, and crc-Com rotationswere cropped to soybeans (alfalfa-c-c-SB. crp-c-c-
31). Complete plot management details are listed inTable 1. Rates ofapplied Nforcomweredetermined from soilsamples taken
in April, a yield goal of 140 bu/A, credits for the previouscrop, and University of Minnesota recommendations. Where:
Nrate = (Yg x l^-STiSL^-Npc.

RESULTS

No significant yield differences were observed between continuous com and soybean-Corn rotations in 1996. Yields, in
1996, were greater in the continuous com rotation as compared to 1995. but lower in the sovbean-Com rotation.

Significant differences were observed in 1996 soybean yields. Yields were significantly less in the corn-SB rotation as
compared to the alf-c-c-SB and crp-c-c-SB rotations. Soybean yields, in the corn-SB rotation, were similar to 1995 soybean
yields.

Crop rotationsignificantly effected tileflows in 1996. Tileflowsranged from7.02 acre-in in continuous com to 5.23
acre-in in alf-c-c-SB. Tile flows were less in 1996 than 1995, but greater than 1994. The alfalfa rotation has had the greatest
effect on tile flow, having the lowest tile flowin 1994-1996. Tiles flows peaked in June and decreased throughout the year.

Continuous com nitrate concentrations were significantlyhigher, on average, than the other crop rotations. Average
concentrations ranged from a high of 10.56 ppm in continuous com to a low of 7.36 ppm in alf-c-c-SB. Nitrate concentrations
were highest in May and July, with the peak in July due to nitrate leaching after sidedress applications in late June.

Nitrate losses were highest in June, and then decreased throughout the year. Continuous com had the highest nitrate
losses with 11.26 lb/A, with the lowest occuring in the alf-c-c-SB rotation, 6.08 lb/A. Nitrate losses decreased in 1996 as
compared to 1995.

LD. Klossner, and D.R. Huggins are Assistant Scientist and Assistant Professor at the Southwest
Experiment Station, Lamberton, MN. G.W. Randall is Professor at the Southern Experiment Station, Waseca, MN. M.P.
Russelle is Soil Scientist at the USDA-ARS-US DairyForage Research Center, St Paul, MN.
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Table 1. Nitrate-Pesticide Movement Plot Management for 1996
Cropping System - Continuous Corn

Item Tvoe Rate Date

Seed Pioneer 3531 30.000/A 5/16/96

Fertilizer Starter 15-30-20 lb/A

(N-PA-I^O)

5/16/98

Urea 100 lb N/A 6/24/96

Herbicide Lasso 4lb/A(ai) 5/13/96

Insecticide Lorsban 1lb/A 5/16/95

PrimaryTillage Moldboard Plow 1 pass Fall 95

Secondary Tillage Spring Cultivation 2 pass 5/13/96

Row Cultivation 1 pass 6724/96

CroDDino Svstem - sb-CN

Item Type Rate Date

Seed Pioneer 3531 30.000/A 5/16/96

Fertilizer Starter 15-30-20 lb/A

(N-PA-K,0)
5/16/96

Urea 60 lb N/A 6/24/96

Herbicide Lasso 4lb/A(ai) 5/13/96

Primary Tillage None

Secondary Tillage Spring Cultivation 2 pass 5/13/96

Row Cultivation 1 pass 6/24/96

Cropping Svstem - or•SB. alf-c-c-SB. cro-c-c-SB

Item Tvoe Rate Date

r**) Seed Parker 150.000/
A

5/20/96

Row Width 30"

Herbicide Lasso 4lb/A(ai) 5/13/96

Primary Tillage Moldboard Plow 1 pass Fall 95

Secondary Tillage Spring Cultivation 2 pass 5/13/96

Row Cultivation 1 pass 6/24/96

Table 2. Analvsis of Variance - 1998 Yields

Crop Source BE SS MS £ E
Corn Rep 2 248.90 124.45 1.37 0.3080

Rot 1 0.43 0.43 0.00 0.9471

Soybeans Rep 2 73.14 36.57 3.09 0.0798

Rot 2 202.33 101.17 8.55 0.0043

n
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Table 3. 1996 cropping svstem yields

Year Cont-C alf-c-c-SB cn-SB crp-c-c-SB sb-CN LSD0OT
Yield (bu/A)

1996 124.03 44.83 37.88 44.99 123.65 4.29'f

Year Cont-C

1995

1994

107.80

164.32

alf-CN cn-SB

Yield (bu/A)-
109.99 37.79

170.40 44.78

* Significant difference
t Yield LSD does not include com yield

$ Yield LSD does not include soybean yield

crp-CN sb-CN LSP^

133.92 133.02 11.88**
177.10 172.19 7.99**

Table 4. Analvsis ofVariance - Tile Drainage Discharge

Source DF ss MS E E
Tile Rep 2 1.58 0.79 7.47 0.0015

Flow Rot 4 1.30 0.33 3.07 0.0248

Month 4 303.27 75.82 716.18 0.0001 .

RofMonthi 16 2.13 0.13 1.26 0.2609

Nitrate Rep 2 36.93 18.46 4.91 0.0114

Cone. Rot 4 105.80 26.45 7.04 0.0002

Month 5 553.05 138.26 36.80 0.0001

RofMonthi 16 88.38 5.52 1.47 0.1509

Nitrate Rep 2 2.24 1.21 3.07 0.0556

Loss Rot 4 8.78 2.19 6.01 0.0005

Month 5 430.02 107.50 284.40 0.0001

Rot'Monttii 16 12.24 0.76 2.09 0.0249

Table 5. Tile Flow as influenced bv cropping svstem
cn-SB CfD-C-C-SB sb-CNMPDtt! C-C alf-c-c-SB

T!l« CI

LSQaos

May 0.51 0.28 0.50 0.36 0.52 0.11*

June 5.70 4.54 5.80 5.25 5.09 1.33

July 0.26 0.14 0.16 0.13 0.15 0.15

November 0.33 0.18 0.33 0.17 0.35 0.15*

December

Total (96)

0.22

7.02

0.09 0.11 0.07 0.22 0.14*

5.23 6.90 5.98 6.33 0.24*

Total(95) 7.76 6.92 7.85 8.35 9.13 0.71

Total (94) 5.00 4.03 5.52 4.55 5.25 0.21*

* Significant treatment differences

o

u

u
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alf-c-C-SB cn-SB crp-c-c-SB sb-CN LSQo.os

)

May 14.78 11.60

«3" «•"""

9.99 12.93 9.54 3.08*

June 5.80 4.58 4.53 6.42 6.00 1.21*

July 12.31 9.91 10.18 13.52 11.60 3.27*

November 9.65 6.92 7.99 7.54 6.50 2.55*

December 10.26 3.80 4.63 4.10 6.13 3.97*

Avg (96) 10.56 7.36 7.46 8.90 7.95 1.42*

Avg(95) 12.26 7.35 8.28 6.52 9.62 1.97*

Avg(94) 11.45 3.10 8.85 1.00 9.79 2.89*

* Significant treatment differences

Table 7, NO?-N loss via the tile |jnes as influenced bv cropping svstem
sb-CNMonth ££ alf-c-c-SB cn-SB

NOj-N loss (lb/A)

cro-c-c-SB LSBoos

May 1.72 0.72 1.07 1.04 1.11 0.60*

June 7.50 4.70 5.85 7.62 6.90 2.47*

July 0.73 0.30 0.36 0.40 0.40 0.39*

November 0.77 0.26 0.54 0.29 0.51 0.44*

December 0.54 0.10 0.18 0.09 0.33 0.44*

Total (96) 11.26 6.08 8.00 9.44 9.25 0.44*

Total(95) 19.83 12.55 15.06 15.36 22.26 3.44*

Total(94) 13.34 2.88 11.63 1.08 11.53 0.68*

*Significant treatment differences

r\

r^
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NITROGEN FERTILITY MANAGEMENT OF CORN

LD. Klossner, D.R. Huggins and G.L Malzer1

ABSTRACT u

The N-Ferb'lity studyat the SouthwestExperiment Station inLamberton has tworotations (continuous com and com/soybean)
five nitrogen rates (0,40, 80.120.160 lb N/A). three nitrogen timings (fall, spring, sidedress) and two nitrogen forms (anhydrous
ammonia, urea). The currentstudyisa modification ofthe continuous com studyinitiated in1960on tiled Normania loam. The study
was modified in 1994 to includeadditional N rates, a corn/soybean rotation,and anhydrous ammonia. The firstyear of results that
included com yields both in continuous com and com/soybean rotations was in 1995. Soil moisture levelswere above the 30-year
averageduring thefell of1995 andspring of1996. Com yields were greater for continuous com with ureanitrogen applications (116
bu/A) than continuous com with anhydrous ammonia nitrogen applications (100bu/A). Sidedress anhydrous ammoniaapplications
increased yields with all nitrogen rates, except80 lb N/A. Sidedress urea applications increased yields at all nitrogen rates. Yields
were greatest at nitrogen rates of 160 lb N/A.

METHODS AND MATERIALS

TheN-Fertilrty Management study isa modification ofthecontinuous comstudy, which was initiated in1960at the Southwest
Experiment Station ontiled Normania loam. Thestudy isa randomized complete block, split plot designwith four replications. Main
plots (20x57.5') consist ofcroprotation (continuous comand com/soybean). Subplot (20x28.75*) treatments during comyearsare
timing (fall, spring, sidedress), form (urea, anhydrous ammonia), and N-rate (0,40,80,120,160 lb/A). Soil moisture measurements are
made on the first and the fifteenth ofeach month starting in May and continuing through November. Soilmoisturesamples are taken
to a depth of 5 feet and split up into 6 inch increments for the first 2 feet and 1 foot increments for the last 3 feet Additional
management data are shown inTable 2.

RESULTS AND DISCUSSION

Soil moisture data from the Nitrogen Fertility project isshown isTable 1and Figure 1."Table 3shows the analysis ofvariance
datawhere Nrate, timing, form, andinteractions were statistically significant Soil moisture wasabove normal compared tothe30-
year average during thefall of 1995, and the spring of1996. These high soil moisture conditions favored sidedress-applied Nas
compared tofall applied N(Table 4). Yields were greatest at nitrogen rates of160 lb N/A with both anhydrous ammonia and urea
nitrogen treatments (Table 4).

Table 1. Available Soil Moisture (0-5 fU

Sample
Date

1995 Total Available
Soil Moisture

30 Year

AverageNfm97bb.wpd

9/1/95 5.13 3.91

9/15/95 4.90 4.30

10/1/95 5.98 4.27

10/15/95 5.44 4.43

Available Soil Water in 1996

Southwest Experiment Station. Lamberton

_ »n — •*> ^ «» ifl — •° — ,f' — tf'«-'rt

DATE

Figure1. Available SoilWater sampled duringthe 1996
growing season at the Southwest ExperimentStation.

1 LD. Klossner, and D.R. Huggins, areAssistant Scientist Assistant Professor, at theSouthwest
Experiment Station, Lamberton, MN 56152. G.L. Malzer is Professor the Department of Soil,Waterand Climate,
University of Minnesota, St Paul, MN.

u
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Table 2. N-Fertilitv Plot Management for 1996 - Continuous Com

\em
Primary Tillage

Secondary Tillage

Type

Moldboard Plow
(Com)
Field Cultivator

Rate

1 pass

1 pass

Date

Fall 95

4/27/96

Row Cultivation 1 pass

Seed Pioneer 3531 30,000/A 4/30/96

Fertilizer Starter 0-30-30 lb/A

(N-PA-KP)
4/30/96

N Treatment Fall

Spring

40, 80,120,160
lb/A
40, 80,120, 160
lb/A

40, 80,120,160
lb/A

Fall 95*

4/30/95

Sidedress 6/13/96

Herbicides Dual II 2.44 lbs/A (ai) 4/30/96

Insecticides Force 1.5 lb/A 4/30/96

* Fall fertilizer treatments applied prior to fall tillage

r\

Table 3. Analvsis of Variance - Continuous Com

r^

n»

Spuree BE

Rep 3

N • 3

Time 2

Form 1

N*Time 6

N*Form 3

Time'Form 2

NTime'Form 6

ss MS E P

12897.35 4299.12 18.67 0.0001

146139.86 48713.29 211.51 0.0001

11930.15 5965.07 25.90 0.0001

13113.38 13113.38 56.94 0.0001

1821.44 303.57 1.32 0.2518

8660.20 2886.73 12.53 0.0001

4659.46 2284.73" 9.92 0.0001

4365.90 727.65 3.16 0.0058
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Table 4. Com Yields in 1996 - Continuous Com

Anhydrous Ammonia

LSDo..,

Urea*

N-Rateflb/A, Fall Spring, Sidedress Fall Sprinq Sidedress LSDo.5

bu/A —-

40 60.99 67.67 75.65 8.71* 68.05 72.29 89.14 9.66*

80 87.52 63.20 85.58 17.29* 95.76 109.51 124.85 16.78*

120 112.01 92.18 113.86 16.61* 109.78 138.69 152.51 19.98*

160 135.30 148.93 155.60 18.25* 133.30 148.65 154.28 14.63*

LSD0M 20.39* 13.11* 11.42* 17.67* 16.70* 12.97*

Check 51.03

• Significant treatment differences

u

u

u
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TILLAGE MANAGEMENT IN CORN-SOYBEAN ROTATIONS
AT THE SOUTHWEST EXPERIMENT STATION

L.D. Klossner. and D.R. Huggins1

ABSTRACT

Tillage practices that improve environmental quality while remaining economically profitable isamajor objective ofagricultural
research. Five tillage system: paraplow. ridge tillage, conventional tillage, reduced tillage, and spring tillage were established in com
and soybean crop rotations in 1986. In 1989, theparaplow treatmentwasconverted tono-tillage and in 1994, thetillage systems were
further divided into five separate row management systems. Row management effected comyield data in no-till, ridge-till, and
reduced-tjll plots. Conventional tillage yields were greater in every row management system. Row management had variable effects
on soybean yields. Narrow rows and the use ofrow cleaners had apositive effect on soybean yields in the ridge-till and conventional
til systems. When row management treatments are compared, there isno significant difference in yield except in row management
1 where conventional tillage yields are significantly higher. Long-term com and soybean yield data (1986-1998) has shown
conventional tillageto be the greatest yielding tillage system.

INTRODUCTION

This study was initiated in 1986, on a Normania clay loam, to evaluate and monitor five different tillage systems in a
corn-soybean rotation for their effects on crop growth, development, yield, soil hydraulic and structural properties, and other soil
quality properties.

EXPERIMENTAL DESIGN AND TREATMENTS

Experimental Design: Randomized, complete-block, split plot experiment with four replications. Main plots (50'x155') were
tillage treatments ofno-tillage, ridge tillage, conventional tillage, reduced tillage, and spring tillage (See Table 1and 2).

Five subplots (10'x155') consisted ofvanous row management (RM) treatments and differ for com and soybean crops.

Subplots within com - detailed corn plot management data is shown inTable 1.
1. Rowcleaners (Yetter rolling fingers mounted on J.D. 7200Conservation Planter)
2. Without row cleaners

("•""^l 3. Row cleaners and starter fertilizer (11 -33-11)
4. Without row cleaners and with starter fertilizer (11-33-11)
5. Anhydrous pre-plant indexed on the row (120 lb N/A). with row cleaners and starter fertilizer (11-33-11)

Subplots within soybeans - detailed soil plotmanagement data is shown in Table 2.
1. Row cleaners, 30" rows
2. Without row cleaners. 30" rows
3. With N fertilizer(60 lb N/A) no row cleaner, 30" rows
4. With N fertilizer(60 lb N/A). 7.5" rows
5. Without N fertilizer, 7.5" rows

RESULTS AND DISCUSSION

Row management effected corn yields in no-till, ridge-till andreduced-till plots, butwasnotsignificant in the
conventional andspring-till plots (Table 4). In the no-till, RM5 (A.A. ppi, with row cleaners, andstarter fertilizer) was
significantly greater thanall otherrow management systems. In the ridge-till, RM5 was significantly less than all row
management systems,exceptRM2 (without row cleaners). In the reduced-till, RM4 (without row cleaners, andwith starter
fertilizer) was significantly less than both RM1 (with row cleaners) and RM5. When row management systemsarecompared
with tillage, conventional tillage yields were greater in every row management system.

Soybean yields wereeffected by row management inthe ridge-till, conventional till andspring-till plots (Table 6). In
the ridge-till, RM2 (30" rows, without row cleaners) yields were significantly lower than all otherRM systems. In the
conventional till, RM3 (30" rows, with N,without row cleaners) was significantly less thanall RM systems, except RM2. In the
spring-till, RM4 (7.5" rows, with N) was significantly greater than RM2. When row management treatments are compared to
eachtillage systemthereis no significant difference in yield exceptinRM1 (30" rows, with row cleaners) whereconventional
tillage yields are significantly higher than all other tillage systems.

Long-term com data (1986-1996) has shownthatconventional tillage has been the greatest yielding tillage system 8
outof 11 years,andhas averaged 7 bu/Aormorethan anyothertillage system (Table 8). Long-term soybean yield data
(1986-1996) has also shown conventional tillageas the greatest yieldingsystem 7 out of 11 years.

n

1 LD. Klossner, and D.R. Huggins are Assistant Scientist, and Assistant Professor attheSouthwest
Experiment Station, Lamberton, MN 56152.
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Table 1. 1998 Corn Plot Management
Com Sub-Treatments Within Tillage Systems

Tillage Sub Row Seed Spring

Svstem Id" Planter Cult Fertilizer and Starter Fert. Tillage Weed Control fai,

No-Tillage 1 JD4-row None Trts 1 and 2 All subtreatments None Bladex 2 lb/A

135 lb N/A Pioneer 3531 - Harness 2 % pt/A
no fell tillage 2 JD 4-row None 6/25/96

Trts 3 and 4

30,000/A
Trts 1 and 2 none

Roundup 2 qt/A
5/18/96

3 JD 4-row None 120 lb N/A

6/25/96

Trts 3,4 and 5
11-33-11 lb/A

Stinger 2/3 pt/A
Buctril Atrazine 1

4 JD 4-row None Trt 5120 lb N/A
A.A. ppi 5/16/96

(N-PA-KA
5/17/96

VS pt/A 6/8/96

5 JD 4-row None

Ridge-Tillage 1 JD 4-row 6/28/96 Trts 1 and 2 All subtreatments None Bladex 2 lb/A

no fell tillage 2 JD 4-row 6/28/96 135 lb N/A
6/25/96

Pioneer 3531
30,000/A

Harness 2 VS pt/A
Roundup 2 qt/A

3 JD 4-row 6/28/96 Trts 3 and 4 Trts 1 and 2 none 5/18/96

4 JD 4-row 6/28/96 120 lb N/A
6/25/96

Trts 3,4 and 5
11-33-11 lb/A

5 JD 4-row 6/28/96 Trt 5 120 lb N/A
A.A. ppi 5/16/96

(N-PA-KA
5/17/96

Conventional 1 JD 4-row 6/26/96 Trts 1 and 2 All subtreatments Disc Bladex 2 lb/A

chisel plow 2 JD 4-row 6/26/96 135 lb N/A
6/25/96

Pioneer 3531
30,000/A

5/7/98
Harness 2 VS pt/A
Roundup 2 qt/A

Fall 1995 3 JD 4-row 6/26/96 Trts 3 and 4 Trts 1 and 2 none 5/18/96

4 JD 4-row 6/26/96 120 lb N/A

6/25/96

Trts 3,4 and 5
11-33-11 lb/A

5 JD 4-row 6/26/96 Trt 5 120 lb N/A
A.A. ppi 5/16/96

(n-pa-ka
5/17/96

Reduced 1 JD 4-row 6/26/96 Trts 1 and 2 All subtreatments Disc Bladex 2 lb/A

no fall tillage 2 JD 4-row 6/26/96
135 lb N/A

6/25/96

Pioneer 3531

30,000/A
5/7/96

Harness 2 VS pt/A
Roundup 2 qt/A

3 JD 4-row 6/26/96 Trts 3 and 4 Trts 1 and 2 none 5/18/96

4 JD 4-row 6/26/96 120 lb N/A

6/25/96

Trts 3,4 and 5
11-33-11 lb/A

5 JD 4-row 6/26/96 Trt 5 120 lb N/A
AA ppi 5/16/96

(N-PA-KA
5/17/96

Spring Tillage (96) 1 JD 4-row 6/26/96 Trts 1 and 2 All subtreatments Disc Bladex 2 lb/A

Flex Tillage (97) 2 JD 4-row 6/26/96
135 lb N/A

6/25/96

Pioneer 3531
30,000/A

5/7/96
Harness 2 VS pt/A
Roundup 2 qt/A

no fell tillage 3 JD 4-row 6/26/96 Trts 3 and 4 Trts 1 and 2 none 5/18/96

4 JD 4-row 6/26/96 120 lb N/A
6/25/96

Trts 3,4 and 5
11-33-11 lb/A

5 JD 4-row 6/26/96 Trt 5120 lb N/A
AA ppi 5/16/96

(N-PA-KjO)
5/17/98

Com Subtreatments Within Tillage Systems
1=with row cleaners

2=without row cleaners

3=with row cleaners + starter
4=without row cleaners + starter fertilizer
5=Anhydrous pre-plant indexedon the row. w/row cleaners+ starter fertilizer

u

u

u
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Table 2. 1996 Soybean Plot Management

Soybean Sub-Treatments Within Tillage Systems
Row/"""Silage

. wstem
No-Tillage

no fell tillage

Sub

irr
1

2

3

4

5

1

2

3

4

5

Planter

JD 4-row

JD 4-row

JD 4-row

JD752

JD752

JD 4-row

JD 4-row

JD 4-row

JD752

JD752

JD 4-row

JD 4-row

JD 4-row

JD752

JD752

JD 4-row

JD 4-row

JD 4-row

JD752

JD752

JD 4-row

JD 4-row

JD 4-row

JD752

JD752

Cult
None

None

None

None

None

6/28/96

6/28/96

6/28/96

6/28/96

6/28/96

6/26/96

6/26/96

6/26/96

None

None

6/26/96

6/26/96

6/26796

None

None

6/26/96

6/26/96

6/26/96

None

None

Fertilizer
Trt 1.2. and 3
Parker 150,000/A

Soring

Tillage

None

Weed Control (an

Roundup 1 lb/A
5/23/96

Dual II 2 VS pts/A
5/31/96

Poast Plusl VS
pts/A
7/9/96

Roundup 1 lb/A
5723/96
Dual II2 VS pts/A
5/31/96
Poast Plusl VS
pts/A
7/9/96

Dual II2 VS pts/A
5/31/96
Poast Plus 1VS
pts/A
7/9/96

Trts 3 and 4
60 lb N/A

(NH4NO,)
broadcast 5/30/96

Trt 4 and 5
Parker 200,000/A
planted 5/30/96

Ridge-Tillage

no fell tillage

NoneTrt 1.2. and 3
Parker 150,000/A

Trt4 and 5
Parker 200.000/A
planted 5/30/96

Conventional 1

Primary Tillage 2

Moldboard plow 3

Fall 95 4

5

Reduced 1

Primary Tillage 2

Chisel plow 3

/""^Fall 95 4
5

Spring Tillage (96) 1

Flex Tillage (97)

no fell tillage

2

3

4

5

Trts 3 and 4
60 lb N/A

(NH4N03)
broadcast 5/30/96

Trt 1.2. and 3
Parker 150,000/A

Trt 4 and 5
Parker 200,000/A
planted 5/30/96

Trts 3 and 4

60 lb N/A
(NH4NO,)
broadcast 5/30/96

Trt 1.2. and 3
Parker 150,000/A

Trt4 and 5

Parker 200,000/A
planted 5/30/96

Trts 3 and 4

60 lb N/A

(NH4NO,)
broadcast 5/30/96

Trt 1,2, and 3
Parker 150,000/A

Trt 4 and 5
Parker 200.000/A
planted 5/30/96

Trts 3 and 4

60 lb N/A

(NH4N0,)
broadcast 5/30/96

'Soybean Subtreatments Within Tillage Systems
1=with row cleaners, 30" rows
2=without row cleaners, 30" rows
3=with N fert (no row cleaner), 30" rows

4=with N fert, 7.5" rows
5=with no N fert, 7.5" rows

Disc

5/29/96

Disc

5/29/96

Disc

5/29/96

Dual II2 VS pts/A
5731/96

Poast Plus 1VS
pts/A
7/9/96

Dual II2 VS pts/A
5/31/96

Poast Plus 1VS

pts/A
7/9/96

Table 3. Analvsis of Variance

Com -1996 Source BE S§ MS E P

Rep 3 893.55 297.85 3.82 0.0112

Till 4 8381.92 2095.48 26.89 0.0001

RepTill 12 8839.73 736.64 9.45 0.0001

RowMgt 4 419.62 104.90 1.35 0.2552

Till*RowMgt 16 3861.15 241.32 3.10 0.0001

"\ Tests of Hypothesis Using Type III MS for RepTill as error term

Till 4 8381.92 2095.48 2.84 0.0717

r>i
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Table 4. Com Yields in 1996

Row Management

Tillage Svstem 1 2 3 4 5 LSD005

fhii/Ai

_

"

No-Tillage 111.5 112.5 118.2 115.9 126.8 8.4*

Ridge-Tillage 124.6 117.5 119.0 128.4 105.7 13.3*

Conventional 133.3 133.6 137.0 136.4 132.4 7.5

Reduced 125.4 123.2 124.5 118.2 125.4 7.0*

Spring 131.7 125.6 132.2 130.0 127.0 7.2

LSD00!s 18.1* 17.3* 13.4* 13.6* 20.8*

'Significant treatment differences

Table 5. Analvsis of Variance

Soybeans -

1996
Source BE ss MS E E

Rep 3 119.73 39.91 3.29 0.0223

Till 4 123.11 30.78 2.54 0.0422

RepTill 12 635.67 52.97 4.36 0.0001

RowMgt 4 313.20 78.30 6.45 0.0001

Till*RowMgt 14 147.01 9.19 0.76 0.7315

Tests of Hypothesis Using Type III MS for RepTill as error term

Till 4 123.11 30.78 0.58 0.6822

U

^J

u
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Table 6. Sovbean Yields in 1996

r\ Row Management

Tillage Svstem 1 2 3 4

fhn/A^

5 1-SDo.os

...

No-Tillage 40.2 40.4 42.4 43.9 43.5 3.7

Ridge-Tillage 41.8 40.6 41.4 44.7 44.0 3.6*

Conventional 44.4 43.0 40.4 45.1 43.4 3.1*

Reduced 41.2 41.6 42.6 44.2 41.6 3.0

Spring 39.9 38.9 40.4 43.9 41.1 4.2*

LSD00S 2.2* 4.3 4.6 6.9 5.7

'Significant treatment differences

r^

r\
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Table 7. 1986-1996 Com Yields

Tillage 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 Avg

bu/A

Notill 142.0 132.4 73.7 122.2 114.5 133.4 134.2 71.9 146.7 117.4 117.1 118.7

Ridge 145.4 125.4 82.2 132.6 118.4 128.9 145.3 72.0 162.2 120.4 119.0 122.9

Conv. 141.5 136.4 76.7 139.0 137.2 132.2 153.6 76.6 166.3 134.4 134.5 129.9

Reduce 139.8 124.8 70.1 128.1 120.5 133.6 130.7 75.1 162.7 126.2 123.3 121.4
d

Spr. till 132.4 119.8 65.4 131.8 122.8 132.6 136.6 73.4 164.5 127.0 129.3 121.4

LSD00S 11.7* 6.7* 6.7* 6.9* 6.0* 6.2 10.2* 4.3* 6.9* 8.7* 13.2* 3.7*

* Significant treatment differences

Table 8. 1986-1996 Soybean Yields

Tillage 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 Avg

bu/A

u

Notill 47.4 39.3 26.9 40.9 44.7 40.3 35.9 19.8 41.7 40.5 42.1 38.1

Ridge 47.2 38.7 26.7 49.2 48.7 41.3 35.3 31.5 42.6 38.9 42.5 40.2 *<J
Conv. 47.9 38.8 32.7 48.8 51.8 48.0 37.3 38.9 47.1 42.4 43.2 43.4

Reduce 46.7 39.5 26.3 45.8 51.6 46.2 37.7 34.5 43.1 40.3 422 41.3
d

Spr. till 48.9 37.0 26.2 47.1 45.4 44.4 36.5 33.1 41.6 43.3 40.8 40.4

LSDOOS 1.5* 1.4* 1.5* 2.6* 2.6* 3.5* 2.0* 2.9* 1.9* 1.5* 3.5 1.7*

* Significant treatment differences

u
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VARIABLE INPUT CROP MANAGEMENT SYSTEMS ATTHE SOUTHWEST EXPERIMENT STATION:
1996 MANAGEMENTHISTORY AND YIELDS

<* C.A. Perillo. P. M. Porter. D.R. Huggins. LD. Klossner'

ABSTRACT
The development of methods to replace orsupplement off-farm inputs and energy with on-farm resources isan important goal for
agricultural susteinability. Cropping systems with minimum input lower purchased input higher purchased input and organic input
were established with two crop rotations and two prior levels of external inputs in 1989 onthe Elwell Agroecology Farm and the
Southwest Experiment Station atLamberton. Inputs and management factors for 1989-1995 production seasons have been
presented in earlier writeups. This presentation covers the inputs and yields for the 1996 growing season.

INTRODUCTION
In 1988 the University of Minnesota gained access to a research site called the 'Koch Farm'. This site was renamed the 'Elwell
Agroecology Farm' (EAF) in 1996. The EAF was a minimum input farm for atleast 35 years pnor to 1988. The Vanable Input Crop
Management Study (VICM) was begun in 1989. The overall objective of this study is to determine how to replace off-farm inputs
and energy with on-farm resources, and includes the evaluation of cropping systems with vanable off-farm inputs. 1996 was the
eighthyear ofcrop productionin the study.

METHODS AND MATERIALS
The study began in 1989 with treatments including two prior levels of external (off-farm) input 1) VICM I located on the EAF Farm
with 30 years of minimal inputs; and 2)VICM II located on the Southwest Experiment Station with 30 years of high external inputs.
Each study evaluates four different management systems: 1) Minimum Inputs (MIN). 2) Lower Purchased Inputs (LPI). 3) High
Purchased Inputs (HPI). and 4) Organic Inputs (ORG). Each study has two different crop rotations: 1) a four-year rotaton of
corn/soybeans/oat/alfalfa (CSOA) and 2) and atwo-year com/soybean (CS) rotation. Every crop is grown each year for every
rotation.

Each of the four management systems is managed independently of the other three systems, and has the objective of maintaining
good yields that are consistent with the philosophy of that system. The philosophies used for the four management systems are as

- MJN management systems receive no added nutrients or pesticides. Weed control is only through mechanical means
(rotary hoe and row cultivation), and com and soybeans are planted 1to 2weeks later than normal.

/""N - LPJ management systems are planted assoon aspossible to maximize yield potential. Phosphorus &Kfertilizers are
applied in a 2x2 band for com and soybeans. Nis applied in a2x2 band in com, and N, Pand/or Kfertilizer is broadcast
onthe oats andalfalfa. Fertilizer rates arebased onsoil tests, previous crop and realistic yield goals. Weed control
includes rotary hoe and row cultivation, aswell as moderate herbicide application - banded for com and soybean,
broadcast in oatand alfalfa. Generally this treatment has less intensive fall tillage than the other management strategies.
- H£l management systems are planted assoon as possible to maximize yield potential. N, Pand Kare broadcast on all
crops. Fertilizer rates are based on soil tests, previous crop and an optimistic yield goal (10% greater than realistic yield
goal). Weed control is throughrowcultivation and herbicides.
- ORG management systems are planted with untreated seed 1to 2weeks later than normal (com and soybeans) to allow
additional pre-planrjng tillage for weed control. The CSOA com and oat crops rotation receive solid beef manure in the
prior fall. Com in the CS com rotation receives liquid hog manure prior toplanting in the spring. The rates are based on
soil tests and previous manure application rates. Weed control ismechanical only, and includes rotary hoe and row
cultivation.

Tables 1and2 show thedetails ofplot management for 1996 for VICM IandVICM II respectively. Details ofplot management are
giveninTables 5 and 6 for VICM Iand VICM II respectively.

RESULTS
Crop yields for 1996 for VICM Iand II aresummarized in Tables 3and 4 respectively. For com. thehighest yielding treatments
werethe HPI and LPI forbothrotations in both VICM Iand II. with the exception ofthe 2-yearrotation inVICM I. Forsoybean. HPI
and LPI were the highest yielding treatments in both rotations in both VICM Iand II, with ORG statistically not different for the4-year
rotation in VICM I. For oats, yield groupings varied for the two experiments. In VICM I- HPI, LPI, and ORG were not significantly
different thought HPI had thehighest yield. In VICM II, thehighest oatyields were obtained under ORG management which was
significantly different than either HPI orLPI. This pattern follows a trend observed in several previous years. Alfalfa showed little
difference between management treatments exceptfor the MIN treatment being generally lower yielding.

Comparison ofcom andsoybean yield for thetwo rotation lengths analyzed over all management treatments (Table 5)found that
the 4-year rotation yielded significantly higher than thetwo year rotation - continuing a pattern observed in previous years. This
pattern was observed in three offour years (1993-1996) for each ofVICM Iand II com. and for all four years in this period for VICM
II soybean. Webelieve thatonefactor contributing tothedifference isdecreased weed pressure following oatsandalfalfa inthe4-

_vear rotation (data not shown).

1CA Perillo, P. M. Porter, D.R. Huggins, LD. Klossner areAssistant Scientist Assistant Professor, Assistant
Professor, and Assistant Scientist at the Southwest ExperimentStation, Lamberton. MN 56152.
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Mgt
Level

Fall
Tillage

Spring
Tillage

Seed
(rate:olants/ac) Fertilizer Herbicide (amount of material ac'1)

Rotary
Hoe

Row
Cult

OS-Rotation: CORN u
MIN Chisel

Fall 1995
Field Cult.
4/29. 5/16

P3769 (30,000)
5/17

None None 5/18,5/19.5/2
9.5/30,6/3

6/10

LPI none Field Cult.
4/29,5/1

P3769 (31,000)
5/1

90-30-15
Band 5/1

Surpass (2.5 pts) 5/7-10" band
Exceed (0.88oz) 6/20 -10" band

5/18,5/21,
5/29,5/29

6711

HPI Chisel
Fall 1995

Field Cult.
4/29, 5/1

P3769 (31,000)
5/2

110-55-50
broadcast 4/30

Doubleplay(6pts)
Bladex (2.2lbs)

all broadcast 5/1

none 6/13

ORG Chisel
Fall 1995

Field Cult.
4/29, 5/16

P3769 (30.000)
5/17

137-64-83
injected hog
manure 4/24

none 5/18.5/21.
5/29.5/30.6/3

6/10

CS-Rotation: SOYBEAN

MIN Moldboard
Fall 1995

Field Cult.
5/22, 5/29

Parker (158.000)
5/30

none none 6/3 6727.7/19

LPI Chisel
Fall 1995

Field Cult.
5/22,5/22

Parker (158.000)
5/24

0-20-0
10" band 5/24

Select (8oz) 6/25
Pursuit(4oz)&Pinnacie(1/4oz) 6/26

10" band

none 6/27.7/19

HPI Moldboard
Fall 1995

Field Cult
5122.5122,5122

Parker (158.000)
5/24

0-35-0 Treflan (1.5pts) 5/22 none 6/27

ORG Moldboard
Fall 1995

Field Cult
5/22,5/29

Parker (158.000)
5/30

54-2533
injected hog
manure 4/24

none 6/3 6/27

CSOA-Rotation: CORN

MIN Moldboard
Fall 1995

Field Cult.
4/29,5/16

P3769 (30,000)
5/17

None None 5/18.5/21,
5/29,5/30,6/3

6/10

LPI Moldboard
Fall 1995

Field Cult
4/29. 5/1

P3769 (31,000)
5/1

15-30-30
Band 5/1

Surpass (2.5 pts) 5/7,
Exceed (0.88oz) 6/20

10" band

5/18.5/21
5/29.5/29

6711

HPI Moldboard
Fall 1995

Field Cult
4/29. 5/1

P3769 (31.000)
5/18

30-55-50
broadcast 4/30

Doubleplay (6pts) 571
Bladex (2.21bs) 5/1

none 6/13

6710ORG Moldboard
Fall 1995

Field Cult
4/29,5/16

P3769 (30.000)
5/17

193-47-234
beef man. 11/95

none 5/18,5/21
5/29.5/30,6/3

CSOA-Rotation: SOYBEAN

MIN Moldboard
Fall 1995

Field Cult.
5122.5129

Parker (158.000)
5/30

none none 6/3 6/27.7/19

LPI Chisel
Fall 1995

Field Cult
5/22,5/22

Parker (158.000)
5/24

0-20-0
band 5/24

Select (8oz) 6/25.
Pursuit(4oz)&Pinna<3e(1/4oz)6/26

10"band

none 6/27,7/19

HPI Moldboard
Fall 1995

Field Cult
5/22.5/22. 5/22

Parker (158.000)
5/24

0-350
broadcast 5720

Sonolan (2 pts) 5/22 none 6/27

ORG Moldboard
Fall 1995

Field Cult.
5/22,5/29

Parker (158,000)
5/30

none none 6/3 6/27

CSOA-Rotation: OAT

MIN Chisel
Fall 1995

Field Cult.4/25
Drag&Pack4/25

Dane (85lb/ac)
4/25

none none none none

LPI none Field Cult 4/24
Drag&Pack 4/25

Dane (85lb/ac)
4/25

50-50-25
4/24

Buctril(1pt)5/29 none none

HPI Chisel
Fall 1995

Field Cult 4/24
Drag&Pack 4/25

Dane (8Slb/ac)
4/25

50-50-25
4/24

Buctril (Ipt) 5/29 none none

ORG Chisel
Fall 1995

Field Cult. 4/25
Drag&Pack 4/25

Dane (85lb/ac)
4/25

64-16-78
beef man. 11/95

none none none

CSOA-Rotation: ALFALFA

MIN none none P526505 Ib/ac)
w/prev year oats

none none none none

LPI none none P5265(15 Ib/ac)
w/prev year oats

0-80-30
8/1

none none none

HPI none none P5265(15 Ib/ac)
w/ prev year oats

0-50-30
8/1

none none none

nonk, /ORG none none P5265(15 Ib/ac)
w/ orev year oats

none none none
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Mgt
S Level

Fall
Tillaae

Spring
Tillage

Seed
(rate:olants/ac) Fertilizer Herbicide

Rotary
Hoe

Row
Cult.

CS-Rotation: CORN

MIN Chisel
Fall 1995

Field Cult
4/29. 5/16

P3769 (30.000)
5/17

None None 5/18.5/21.
5/29,5730.6/3

6/4

LPI none Field Cult.
4/29. 5/1

P3769(31.000)
5/1

90-30-15
band 5/1

Surpass (2.5 pts) 5/7-10" band
Exceed (0.88oz) 6/20 -10" band

5/29.5/29 6/4

HPI Chisel
Fall 1995

Field Cult
4/29, 5/1

P3769(31,000)
5/2

110-55-50
broadcast 4/30

Doubleplay(6pts). Bladex(2.2lbs)
broadcast 5/1

none 6/4

ORG Chisel
Fall 1995

Field Cult
4/29. 5/16

P3769 (30,000)
5/17

64-16-78
injected hog
manure 4/24

none 5/18.5/21,
5/29,5/30,673

6/4

CS-Rotation: SOYBEAN

MIN Moldboard
Fall 1995

Field Cult
5/22,5/29

Parker (158.000)
5/30

none none 6/3 7/9

LPI Chisel
Fall 1995

Field Cult
5122,5122

Parker (158.000)
5/24

0-20-0
band 5/24

Pursuit (4oz), Pinnacle(1/4oz)
10" band 6/20

none 7/9

HPI Moldboard
Fall 1995

Field Cult
5/22. 5/22, 5/22

Parker (158.000)
5/24

0-35-0
broadcast 5720

Treflan(1.5pts)
broadcast 5/22

none 7/9

ORG Moldboard
Fall 1995

Field Cult.
5/22. 5/29

Parker (158.000)
5/30

none none 6/3 7/9

CSOA-Rotation: CORN

MIN Moldboard Field Cult
Fall 1995 4/29. 5/16

P3769 (30.000)
5/17

None None 5/18,5/21.
5/29.5/30.6/3

6/4

LPI Moldboard
Fall 1995

Field Cult.
4/29

P3769 (31.000)
5/1

15-30-30
Band 5/1

Surpass (2.5pts) 5/7
Exceed (0.8862) 6/20

all 10" band

5/29.5/29 6/4

HPI Moldboard
Fall 1995

Field Cult.
4/29,5/1

P3769 (31.000)
5/2

30-55-50
broadcast 4/30

Doubleplay (6pts), Bladex (2.2lb)
both broadcast 5/1

none 6/4

•vORG Moldboard
Fall 1995

Field Cult.
4/29,5/16

P3769 (30.000)
5/17

64-16-78
beef man.11/95

none 5/18.5/21.
5/29,5/30,6/3

6/4

CSOA-Rotation: SOYBEAN

MIN Moldboard
Fall 1995

Field Cult.
5/22.5/29

Parker (158.000)
5/30

none none 6/3 7/9

LPI Chisel
Fall 1995

Field Cult.
5122,5122

Parker (158.000)
5/24

0-20-0
band 5/24

Pursuit (4oz), Pinnacle (1/4oz)
10* band 6/20

none 7/9

HPI Moldboard
Fall 1995

Field Cult.
5/22,5/22,5/22

Parker (158.000)
5/24

0-354)
broadcast 5/20

Sonolan (2pts)
broadcast 5/22

none 7/9

ORG Moldboard
Fall 1995

Field Cult.
5/22,5/29

Parker (158.000)
5/30

none none 6/3 7/9

CSOA-Rotation: OAT

MIN Chisel
Fall 1995

Field Cult 4/25
Drag&Pack 4/25

Dane (65lb/ac)
4/25

none none none none

LPI none Field Cult 4/24
Drag&Pack 4/25

Dane (85lb/ac)
4/25

55-20-20
broadcast 4/24

Buctril (1pt) 5729
broadcast

none none

HPI Chisel
Fall 1995

Field Cult. 4/24
Drag&Pack 4/25

Dane (85lb/ac)
4/25

55-20-20
broadcast 4/24

Buctril(1pt) 5/29
broadcast

none none

ORG Chisel
Fall 1995

Field Cult. 4/25
Drag&Pack 4/25

Dane (8Slb/ac)
4/25

64-16-78
beef man. 11/95

none none none

CSOA-Rotation: ALFALFA

MIN none none P5265(15 Ib/ac)
w/ prev year oats

none none none none

LPI none none P5265(15lb/ac)
w/ prev year oats

0-50-45
8/1

none none none

HPI none none P5265(15 Ib/ac)
w/ prev year oats

0-50-45
8/1

none none none

ORG none none P5265(15lb/ac)
w/ prev year oats

none none none none

r^
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Table 3. 1998 Yields- Variable Input Crop Management Systems (VICM I). LSD values are
Fisher's Protected LSD (management effect significant at p<0.05), and refer to the
least significant difference (a = 0.05) between management systems within a given
crop and rotation. (That is. values within the same row.)

Crop

Management Level

Rotation MIN LPI HPI ORG LSDoo,

— bu/A

CSOA Com 76.8c 148ab 157a 134b 20.4

CS Com 58.6c 137b 161a 120b 18.9

SOAC Soybeans 37.9b 50.2a 49.7a 46.7a 6.36

SC Soybeans 34.4b 45.0a 49.0a 33.1b 6.14

ACSO Alfalfa* 3.03b 5.02a 5.38a 4.95a 1.01

OACS Oats

'Alfalfa yields

35.5b

are (T/A)

72.8a 66.4a 65.8a 9.80

Table 4. 1996 Yields - Variable InputCrop Management Systems II (VICM II). LSD values are
Fisher's Protected LSD(management effect significant at p<0.05), and referto the
least significant difference(a =0.05) between management systems withina given
crop and rotation. (That is. values within the same row.)

Crop

Management Level

Rotation MIN LPI HPI ORG LSDej0S

U..IA

CSOA Com 117b 151a 146a 115b 20.8

CS Com 55.0c 141a 148a 94.0b 21.0

SOAC Soybeans 36.4b 51.4a 52.2a 42.0b 6.20

SC Soybeans 28.2b 41.9a 46.8a 23.6b 10.4

ACSO Alfalfa* 4.34b 4.64ab 4.87ab 5.31a 0.693**

OACS Oats 58.7b 58.1b 57.3b 68.1a 7.90

* Alfalfa yields are (T/A)
** Management was significantat

p<0.065 foralfalfa.

Table 5. 1996 comand soybean yields calculated for eachrotation length (2-year com-soybean. and 4-year com-
soybean-oat/alfalfa-alfalfa) over all four management systems, allowing comparison oftheeffect of
rotation length oncrop yield (values inthesamerow). ^_

Experiment

VICM1

VICM II

Crop

Com

Soybean

Com

Soybean

Rotation Length

2-year 4-year

• bu ac*'

119b

40.4b

110b

35.1b

129a

46.2a

132a

45.5a

LSD..

8.8*

3.6**

9.3

8.6

' Rotation length effectsignificant at p<0.182 ** Rotation length effectsignificant at p<0.052

u

u

u
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PLANTING DATE EFFECTS ON CORN AND SOYBEAN YIELD AT LAMBERTON -1996
CA Perillo, P.M. Porter, S.R. Quiring'

Each year we conduct a planting date study to evaluate probable yield loss due todelayed planting. This allows ustointerpret
possible planting date effects in other studies conducted in the region, as well as provide information tolocal farmers with respect
to planting date effects. Generally, the earliest planting date is earlier than most farm fields in the region and the latest iswell past
the last date for normal planting. Results from 1993-95 were reported lastyear. This report isfor 1996 only. In 1996, four com
hybrids (all 105-day relative maturity) were planted on four dates ranging from April 19 to May 22. One soybean variety was planted
on seven dates ranging from April 24 to June 23. Planting dates did not affect com yield or kernel moisture content except for the
last date (May 22). which had significantly lower yield and higher moisture content atharvest. In soybean, planting date did not
decrease yield until June 11. 1996 had a cool, slow spring, and therefore, the lack of planting date effects (other than extremely late
planting)are not surprising.

Methods and Materials
CORN: Four 105-day relative maturity com hybrids were planted on four dates atapproximately 10 day intervals (April 19, April 29,
May 13, May 22) in a randomized complete block design with planting date as the main plot and hybrid as the subplot, and four
replicates of each treatment. Hybrids were Ciba 4127 (C4127), DeKalb 512 (DK512), Pioneer 3547 (P3547). and Pioneer (P3559).
Anhydrous ammonia (150 lb Nac')and K^O (200 lb Kac')were applied in Fall 1995. Row spacing was 30 inches.

SOYBEAN: Seven planting dates were tested for one soybean variety (Sturdy), in a randomized complete block design with four
replicates. The seven dates were: April 24, May 1. May 13. May 20, May 31, June 11, and June 23. Row spacing was 30 inches.

Results and Discussion
CORN: Analysis of Variance (ANOVA) found that for yield, planting date was significant atp<0.01. Hybrid significance level was
0.057, and the planting date Xhybrid interaction was significant at p<0.075. Both planting date and hybrid were significant effects
for kernel moisture atp<0.01. (The interaction was not significant). Yield and moisture results for planting date and hybrid are
given in Tables 1and 2, respectively. Values for each treatment are given in Table 3. In general, late planting dates only
decreased yield after May 13. The lack of yield decline with later planting dates is in part due to the relatively low accumulation of
growing degree days in this period (relative to most years), resulting in no com emergence prior toMay 16. Hybrid differences were
minor.

SOYBEAN: Analysis of Variance found that yield was significantly (o<0.001 )affected by planting date. Results are given in Table
/**N4. Yield declines dueto planting datedid not begin until the late May andJune plantings.

Conclusions
In 1996, delayed planting did not significantly decrease yields compared tothe earliest planting dates -at least within the time
period that most planting in the region was done. Planting delays past mid-May (for com) or very late May (for soybean) did cause
yield decreases relative tothe earliest planting date. Moisture content at harvest was highest in the latest planted crop.

Table 1. Com yieldand moisturecontent as affected by planting date (analyzed <
day hybrids) at Lamberton, 1996.

PlantingDate April19 April29 May13 May22

over four 105-

LSD^ojs

Yield (bu ac*) 177a

Moisture (%) 21.5b

173a

21.6b

171a

22.4b

153b

24.7a

10.8

1.40

Table2. Comyield and moisture contentas affected byhybrid (all 105-dayRM, analyzedover
four planting dates) at Lamberton, 1996.

C4127 DK512 P3547 P3559 LSD(nAas

Yield (buac1) 169ab

Moisture (%) 20.7c

168ab

22.4b

162b

24.7a

175a

22.4b

8.9-

1.0

o
1CA. Perillo, P.M. Porter, S.Q. Quiring are AssistantScientist,Assistant Professor, and Senior PlotTechnicianat the

Southwest Experiment Station, Lamberton, MN56152.
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Table 3. Effects of planting date and hybrid on com yield and moisture at Lamberton, 1996.

Hybrid C4127 DK512 P3S47 P3559 LSD,'cnMS

u
Planted April 19

Yield (bu ac"1) 173ab 182a 166b 187a 13.9

Moisture (%) 19.9b 20.8b 24.4a 20.8b 2.0

Planted April 29

Yield (bu ac'1) 166bc 184a 164c 179ab 14.4

Moisture (%) 20.0b 20.5b 24.4a 21.5b 2.1

Planted May 13

Yield (bu ac-') 179a 165a 161a * 177a 31.3

Moisture (%) 20.4b 23.0a 24.0a 22.2ab 2.3

Planted May 22

Yield (bu ac'1) 158a 139a 158a 156a 14.0

Moisture (%) 22.4b 25.3a 262a 25.0a 2.4

Table 4. Soybean (var. Sturdy) yield for seven planting dates at Lamberton, 1996 (LSD^w=2.16 buac'1).

Planting Date April 24 May1 May 13 May 20 May 31 June 11 June 23

Yield (bu ac1) 47.7a 46.6ab 47.1 ab 45.7ab 45.5b 36.8c 26.1 d

•<J

U
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IMPORTANCE OF THE CORN-SOYBEAN ROTATION ON NET RETURNS —1980*8

y-v P.M. Porter, J.G. Lauer, E.S. Opiinger, T.R. Hoverstad, and R.K. Crookston'

Abstract

Annual rotation ofcomandsoybean results ingreater net returns than continuous production ofeither crop. While the magnitude
of therotation effect onyield averaged slightly over 10%, theincrease in netreturns by annual rotation ofcom andsoybean over
continuous production of either crop averaged 122% and 45%, respectively. Producers should beaware ofthe impact crop rotation
hason their net returns, and respond accordingly when considering their planting options. Planting more acreage toonecrop one
year because of favorable market prices may have seem attractive that year, but consideration must begiven to the loss of net
returns if this practice results in continuous production of one crop onthesame piece ofland for two ormore years.

Introduction

With the introduction of synthetic fertilizers, herbicides, and insecticides in the 1960*s, researchers questioned the necessity of crop
rotation to overcome the negative yield impact observed with continuous com production. The belief that proper agronomic
management practices in continuous com production could overcome the yield advantage from crop rotation has, however, been
discredited. Ithasalsobeen documented that theyield benefit of crop rotation isnot limited tocom. Soybean grown in rotation with
com yield more than continuous soybean. The magnitude of the rotation effect on yield is dependent on numerous agronomic and
environmental factors, but averages about 10% lor both com and soybean. The economic consequences of the yield advantage for
com and soybean grown in rotation have not been well documented. The objective of this study was to access the impact lack of
croprotation ina corn-soybean cropping systemhas on profitability.

Experimental Procedure

Research yield data from com and soybean cropping systems research trials located in Lamberton and Waseca MN, and Arlington
Wl were combined with producer cost of production data from southwestern and southeastern Minnesota and southem Wisconsin
tocalculate netreturns. Net return peracre for continuous com, continuous soybean, andcom and soybean in a com-soybean
rotation were calculated each year at each location utilizing research trial yields, producer price received, and producer cost of
production. The producer price received and cost of production values associated with theLamberton, Waseca, and Arlington

nsearch trial yields were obtained from the Southwestern and Southeastern Minnesota Farm Business Management Associations
nd the Wisconsin "Profits through Efficient Production Systems" program, respectively.

At Lamberton and southwestMinnesota, net returns werecalculated from 1985through 1995 (11 years). At Waseca and southeast
Minnesota, research yield datafor 1991 and 1993 were unavailable at Waseca; thuseconomic results were calculated from 1985
through 1995 excluding theyears 1991 and 1993 (9years). At Arlington andsouthem Wisconsin, economic results were calculated
from 1987through 1993(7years), the years producer economic datawereavailable. Net returns forthese cropping systemswere
also determined for each of the three locations over years and for all 27 year X location environments.

Results and Discussion

Compared with continuous com,com yield increasedby 13,10, and 18%when rotated annually with soybean overan 11 year
period at Lamberton, a 9 year period at Waseca, and a 7 year period at Arlington, respectively (Table 1). Overthe same time
frames, however, the net return per acre increased by452.55. and 145% at Lamberton, Waseca, and Arlington, respectively.
Averagedacross all 27 environments,the increase incom yield due to rotation was 13% while the increase in net return due to
rotation was 122%.

Compared with continuoussoybean, soybean yield increased by 16,12, and 5.4%when rotated annually with com over an 11 year
periodat Lamberton. a 9 year periodat Waseca, and a 7 year periodat Ariington, respectively (Table 1). Over the same time
frames, however, the net return per acre increased by97,55, and 13% at Lamberton, Waseca, and Arlington, respectively.
Averaged across all 27 environments, the increase in com yield due to rotation was 11% while the increase in net return due to
rotation was 45%.

The com and soybean yieldand economic data from Lambertonand southwestern Minnesota for each year are presented in Table
2. Number of producers from which the economic data were obtained is also included.

r\
1P.M. Porter (assistant professor • Lamberton, MN 56152), R.K. Crookston (professor)are in the Department of Agronomy

and Plant Genetics. J.G. Lauer and E.S. Opiinger(associate and full professor)are in the Department of Agronomy, Univ. of Wise.
T.R. Hoverstad (scientist) is at Waseca.
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Conclusions

The economic benefit of the com-soybean rotation compared with continuous com or continuous soybean was sizeable in relation
to the yield benefit of rotation. Averaged across 27 year by location environments, com in the com-soybean rotation resulted in i J
13% greater yields than continuous com while the net returns were 122% greater. Averaged across thesame 27environments, ^—^
soybean in the com-soybean rotation resulted in 11% greater yields than continuous soybean while the net returns were 45%
greater. The magnitudeof the economicbenefitwas very dependent on the yearanalyzed: for example, depressed com yieldsin
1988 and 1993 resulted in sizeable net losses for continuous com.

Table 1. Yield and net return for continuous corn, continuous soybean, and corn and soybean in a corn-soybean rotation
from southwest (Lamberton) MN, southeast (Waseca) MN, and southern (Arlington) Wl, as well as across all locations.

Lamberton

(11 years data)

Yield Net

return

Waseca

(9 years data)

Yield Net

return

Arlington
(7 years data)"

Yield Net

return

All locations

(27 years)
Yield Net

return

bu/ac $/ac bu/ac $/ac bu/ac $/ac bu/ac $/ac

Continuous com 115 7.44 137 55.38 127 35.63 126 30.73
Com in rotation 131 41.04 150 86.06 150 87.38 142 68.09
Continuoussoybean 35.3 33.04 35.4 33.56 51.8 116.63 39.5 54.88
Soybean in rotation 40.9 65.08 39.7 57.26 54.6 131.42 43.8 79.67
Com-soybean rotation - 53.06 -- 71.67 - 109.40 - 73.87

U

u



2Table 2. Corn and soybean yield and economic data from Lamberton and southwestern Minnesota.<£rn 3

1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 '85-'95

Producer yield (bu/acre)
Com (C) 124 136 138 89 141 131 128 127 61 145 119.7 122

Soybean (S) 34.7 38.5 43.6 31.6 43.1 45.5 40.5 38.8 21.0 47.1 43.6 38.9

Producer price received ($/bu)
Com 2.35 2.03 1.53 2.08 2.30 2.30 2.26 2.20 2.11 2.24 2.30 2.16

Soybean 5.38 5.01 4.89 6.80 6.77 5.69 5.41 5.39 5.84 5.94 5.56 5.70

Producercost of production($/acre)
Corn 263 247 243 229 221 242 235 239 239 236 258 241

Soybean 187 170 169 152 151 162 162 161 169 167 178 166

Producer net return ($/acre)
21.05

Com 29 28 -32 -44 102 58 55 40 -110 88 17

Soybean 0 23 44 63 141 97 57 48 -47 113 65 54.90

Research yield (bu/acre)
C yield in C/S 134 170 128 86 164 145 118 140 75 145 132 131

C yield in cont. C 121 140 128 84 143 134 111 122 58 111 118 115

S yield in S/C 42.8 43.0 46.5 33.2 36.9 48.5 47.7 30.5 40.6 37.0 43.0 40.9

S yield Incont. S 38.2 37.4 41.4 27.8 27.8 40.2 44.4 24.4 28.4 37.7 41.0 35.3

Net returnusing research yield and producer cost of production($/acre)
If continuous com 20 37 -48 -55 108 66 15 29 -117 12 14 7.44

If continuous soybean 19 17 34 37 37 67 78 -30 -3 57 50 33.04

If rotated 50% corn (Vi acre) 26 48 -24 -26 78 46 16 35 -40 44 23 20.52

and 50% soybean (Vfe acre) 22 23 ja .37. _42 _SZ iS. _2 34 2Z 31 32.54

Total 47 71 6 11 128 103 64 36 -6 70 53 53.06

Producer information

Number of farms 180 182 178 202 203 200 207 201 202 202 216 198

Farms with com 127 128 125 138 142 148 152 149 121 147 154 139

Farms with soybean 126 122 121 129 136 139 150 150 146 142 147 137
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CORN AND SOYBEAN YIELD STABILITY ACROSS SPACE AND TIME

P.M. Porter, CA. Perillo. S.R.Quiring,and R.K. Crookston'

Abstract

Yields ofcontinuous com and soybean were monitored from thesame fourplotsofeach cropovera 10-yearperiod (1986-1995) at
Lamberton MN to evaluate the amountofspatialand temporal variability over time. The fourplotsof each crop were inthe exact
same location during that time period. Each of the fourplotsforboth com and soybean produced boththe highestand lowest yield
at leastone time during the 10-yearperiod. Ayield rangeinanyone yearbetween the four plots of more than25%ofthe four-plot
average occurred in40% of the growing seasons. However, whenaveraged over 10-years, the yields between the fourplotswere
not significantly different. Year-to-year yield variability forboth comand soybean was approximately three timesgreater than plot-
to-plot variability. These resultsshouldcaution producers from changing managementpractices based on smallyield differences
(-<20% of the average) observed during one growingseason.

Introduction

With the advent ofaffordable global positioning systems,combine-mounted yield monitors, computers, andcomputer mapping
programs,more producersare expected to generate yield maps inorderto better understand the yieldvariability they are observing
intheir fields. With a better understanding of howthe yieldvaries across the landscape will come a better understanding ofwhythe
yield variability exists. Throughproperinterpretation of yield, soilfertility, and topographical maps it is assumed that yieldswill be
increased and/or profits will be maximized utilizing site-specific production practices such as variable rate applicationsof seed,
cultivar, fertilizers, and pesticides. For this article,yield data overa 10-year period (1966-1995) from fourcontinuous com plotsand
fourcontinuous soybean plots were evaluated to determine the amount ofspatial and temporalvariability over that time frame.

Experimental Procedure

The study, originallydesigned to evaluate corn/soybean cropping sequences, was established in 1981 (Crookston et. at, Agron. J.
83:108-113). Only data from four continuous com plots and four continuous soybean plots are discussed in this article. Each plot
was 12 rows wide (on 30" rowwidths)and 30 ft long; harvest was from 26 ft of four of the rows. All plots were located within a two
acre area on a uniformWebster clay loam soil.

An analysis of variance was conducted using yielddata fromthe four plots over the 10-year period of each crop. Plot average w, ,
the average yieldof four plots each year. Plot range was the maximum minusminimum yieldof the fourplots each year. Plot v_x
standard deviation was the standard deviation of the four plot yields each year. Ten-year average yield was the average yield from
1986 through 1995 of each plot. Ten-year range was the maximum minusminimum yieldfrom 1986 through 1995 of each plot.
Ten-year standard deviationwas the standard deviation of yield from 1986 through 1995 of each plot. Plotyields, ranges, and
standard deviationswere averaged over the 10-year period, and the 10-year yields, ranges, and standard deviations were averaged
across the fourplots. The average plotstandard deviation and the average 10-yearstandard deviation were measures of plot
(spatial) and seasonal (temporal) variability, respectively.

Results and Discussion

Overthe 10-yearperiod, year had a highly significant effecton both com and soybean yields at each test site (Tables1 and 2).
Yields were below normal in 1988and 1993 because ofgenerally hot,dryconditions and cool,wet conditions, respectively. Over
the 10-yearperiod, there was no difference inyield betweenthe fourcom plots or betweenthe foursoybean plots(Table 1). The
factthat plot location didnot influence eitherthe com or soybeanyields overthe 10-yearperiod was notsurprising. The studywas
conducted at a site where the soil was considered to be uniform with little to no visible topographical differences.

Each ofthe fourplotsproducedthe greatest com yield comparedto the other three plotsat least one season during the 10-year
period(Table 1). Likewise, each ofthe fourplotsproducedthe lowest com yield comparedto the other three plotswithin at least
one season during the 10-yearperiod. Overthe 10-yearperiod, the range incom yield amongthe fourplots(plot range)expressed
as a percentageofthe plotaverage averaged 20%. The range incom yield expressed as a percentageof the plotaverage was as
low as 4% in 1989 and as highas 49%in 1988. The range incom yield expressed as a percentage of the plotaverage was greater
than 10% in9 of10 growing seasons, and greaterthan25%in4 of10 growing seasons. Theplot rangewas largecompared to the
plot average inseasons with poor growing conditions. Plot yield variability for comwas greatest in 1988, when yields were
depressed due to hot,drygrowing conditions. In1993,a year with poorgrowing conditions forcom due to cool,wet conditions, plot
yield variability was also relatively large. The rangeincom yield for each ofthe four plots across the 10-year period (10-year range)
expressed as a percentage of the 10-yearaverage was greaterthan60%forallplots. Overthe 10-yearperiod, seasonal variability
in com yieldwas 2.8 times that of plotvariability (27.9 vs. 9.9 bu/acre).
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(professor), Dep. of Agronomy and Plant Genetics.


