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Climate Summary -1996

r*) January brought an assortment ofmild and frigid temperatures. A powerful storm sweeping through the Midwest
on January 17 and 18 produced heavy snow in the north and west, and left southeastern Minnesota coveredwith ice.
Throughout the State, schools and offices closed, travel was difficult, and poweroutages occurred.

LateJanuary and earlyFebruary brought a cold spellof historic proportions to the Upper Midwest. Various locations
across Minnesota set all-time low temperature records. A location near Tower broke the all-time Minnesota low temperature
record with minus 60 degrees F on February 2. Temperatures moderated by the second week of February and slowly melted
the snow cover from southern Minnesota, easing flooding concerns in those areas. However, northern Minnesota lost
relatively little snow cover. By late March, snow depthswerestill greater than 18 inchesover large areas of the north..

Afterenduring one of the harshestwinters of the century, northern Minnesota experienced a very coldspring.
Significant snow cover persisted in the North well intomid-April. Spring runoff from the heavysnow cover ledto flooding,
with northwestern Minnesota experiencing the most serious flooding.

Southern Minnesota also experienced an unusually cold spring. Temperatures.averaged three to five degrees below
normal forApril and May. The Twin Cities reached 67 degrees on April 10, the first time the temperature reached 60 or more
for nearly sixmonths. The cold temperatures suppressed soil warming anddrying, leading to significant delays in spring
planting.

Heavy rains in mid-May dropped two to six inchesof wateron the already saturated Red RiverValley, further
delaying agricultural field operations and leading to more flooding. May alsobrought the usual severespring weather to
western and southern Minnesota, leading to significant propertydamage in some areas.

The weatherwas highly variable across the state in June. Very dryweather for the first threeweeks of the month led
to forest fires inthe north, especially northeastern Minnesota. Fortunately, lateJune rains quelled the fire potential. In
contrast to the dryness of the north, some areas of southern Minnesota received torrential rains in mid-June. A slowmoving
low pressure system, plodding through the Upper Midwest produced a deluge in south central Minnesota onJune 16and 17.
Rainfall totalsexceeded six inches in portions of Nicollet and BlueEarth counties leading to small streamand urban flooding
as well as mud slides.

Relatively dry weather wasthe major climate issue of July. As of late July, many areas of central and western
Minnesota had received just50to 75 percent of normal precipitation for the season. However, there wasa notable exception
tothis pattern. Extreme northwestern Minnesota received substantial rains in July and precipitation totals were well above
normal for the season.

Dry andpleasant weather was the rule throughout the late summerandearly fall across Minnesota. For some
/""*\ regions ofthestate, dry weather was a continuation ofavery dry growing season. In a few communities, the precipitation

deficit was similar to theworst droughts of the century. Fortunately, moderate summer temperatures led to reduced
evaporation rates, mitigating theimpact ofthe rainfall shortage. The Palmer Drought Severity Index indicated that
southeastern Minnesota was in the'moderate drought' category in the fall. Northwestern, central, and east central
Minnesota fell inthe 'moderate drought* category for muchofthe summerand early fall.

A notable exception to thedry late summer weather was in the Mankato area in early September. For thesecond
time in1996, the area received extremely heavy rains leading to urban flooding, mud slides and sewer backups. Rainfall
totals exceeded six inches.

Agricultural production across Minnesota showed mixed results. Those areas receiving adequate rainfall reaped the
benefits ofstress-free temperatures. Meanwhile, those areas with precipitation deficits experienced significant yield
reductions. Many communities saw their first light frost in mid September, and all ofMinnesota experienced ahard freeze in
the first week of October.

After a dry growing season, much ofMinnesota experienced an extremely wet fall. For considerable areas ofthe
state, precipitation totals for October and November ranged from four toeight inches. The October plus November
precipitation totals ranked above the 95th percentile across large sections ofMinnesota. Much ofthis precipitation fell before
the soil froze and helped to replenish diminishing soil moisture reserves.

Amajor storm system passing through the central United States brought awintry mess tothe state in mid-
November. Precipitation types included snow, rain, sleet and freezing rain. Some areas ofnorthwestern Minnesota received
over a foot ofsnow, making travel treacherous. Portions ofeastern Minnesota reported nearly four inches ofrain, dampening
basements and causing minor urban flooding. Freezing rain in southwestern Minnesota brought down power lines, cutting
electrical service tomany. Southwestern Minnesota experienced yet another freezing rain event roughly one week later,
hindering recovery from the first ice storm.

Mean November temperatures were considerably colder than normal. For many Minnesota communities itwas one
ofthecoldest Novembers ofthe century. November of1996 was also one ofthewettest this century, with a good deal of
both freezing rain and snowfall. -,,„_, j t« j

Significant winter storms also occurred in December. Freezing rain events, snowstorms, and full-fledged blizzards
occurred throughout the month. Hardest hit was the western one third ofMinnesota, where the prairie landscape did little to
slow the arctic winds. Schools and offices closed across western Minnesota in mid-December. Christmas Day, 1996 will go
down in history as the coldest and most snow-covered on record for many Minnesota communities. Cold temperature

(^*) records fell across the state. Christmas Day snow depths over western and central Minnesota were at or near record levels
for the date.



1996 Annual Precipitation

Climatology Office
Division of Waters

values are in inches



1996 Annual Precipitation
Departure from Normal

Climatology Office
Division of Waters

values are in inches



LONG TERM EVAPORATION AND SOIL WATER RECORDS

COMPARED TO 1996 RESULTS

By Donald G. Baker and David L. Ruschy u

Evaporation is the lossofwaterfrom a moist surface into the atmosphere inthe form of vapor. Exceptunder
unusual circumstances it is invisible. Because of this, the amount of water lost through evaporation is seldom
appreciated. In Minnesota the loss is on the order of 20-30 inches per year. Evaporation estimates are ordinarily
obtained by measuring the daily loss of waterfrom a pan which measures 48 inches indiameter. Water depth in the
pan is maintained at a depth of about 10 inches.

Unlike a lake the pan is extremely limited in areaand, unlike a living leafcontaining minute poresthrough
which the water escapes to the atmosphere, the pan presents a free water surface to the atmosphere. As a result,
the evaporation on a unit area basis from a pan is, under most circumstances, greatly in excess of that from a lake
oran actively transpiring crop. In fact the evaporation from these two natural surfaces is inthe neighborhoodof only
50-70% of the pan. Nevertheless, in spite of the difference between the pan and natural surfaces the pan data do
provide a reasonable estimate of the evaporation losses if the reduction factor is applied. The pan has the added
advantages of being easy to measure as wellas providing a uniform measurement As a result, comparisons can be
made between stations and between years.

Evaporation pans have been in place at the Agricultural Experiment Stations located at Lamberton, Morris,
St. Paul, and Waseca fora number of years. It is thatdatawhich is shown inTable 1 and Fig. 1 and will be discussed.
Dueto the very limited evaporation between October11-April 20, largely the winter period of little evaporation, the data
shown in Fig. 1 represent the annual total.

Perhapsthe most striking feature of Fig. 1 is the highevaporation centered around 1976 and 1988, the years
of twowellremembered droughts in Minnesota. The severityof the two droughts is.evident in Fig. 1 as well as in the
precipitation totals for those two years at St. Paul: 14.39 inches in 1976 and 20.36 inches in 1988 compared to a
normal of 28.41 inches (1961-1990).

The evaporation from 1991 to the present,averaging 34.73 inches, has been considerably belowthe long
term average, of 38.21 inches, Fig. 1, indicating relatively humid conditions and adequate precipitation.

Table 1. •--• -—~ —-- - ^

Station Mean Standard

Deviation

Maximum/year Minimum/year

Lamberton 40.21 in. 5.57 in. 56.95 in./1976 33.46 in./1972

Morris 39.33 in. 6.27 in. 58.22 in./1976 30.86 in./1996

St. Paul 38.21 in. 4.77 in. 51.41 in./1988 32.91 in./1993

Waseca 40.03 in. 4.59 in. 53.33 inV1988 32.99 in./1993

Lengthy soil water records are also available from the Lamberton and Waseca experiment stations. A
comparison between the 1996 values and the longterm average of plantavailable soil water under com at the two
stations is shown in Fig. 2 and 3. Except for a brief period in mid-to late June the soilwatercontent at Lambertonwas
above average. Due to the relatively high end-of-season values it appearsthat the spring 1997 watercontent at
Lamberton will be more than adequate.

The soilwater at Waseca, Fig. 3, shows a marketmid-season variation. First, there was an unusual lowvalue
which occurred in July, and second, it was followed byatemporary recovery in late August The late fall values, Fig.
3 indicate thatthe soil water atWasecawill be quite adequate for the 1997 spring as it will be at Lamberton.

u
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RESPONSE OFSNOWDEN AND GOLDRUSH POTATO CULTIVARS TO NITROGEN ONAN IRRIGATED SOIL-1996'

Carl RosenandDave Birong* >~v

ABSTRACT:Thesecond year ofathree year field study wascorefiicted attheSarel Plain Research Farm atBecker
to determine the effects of nitrogen rate andtiming on yield of Snowden and Goldrustrpotatoes. For Snowden,
increasing Nrate from 125 lb N/A to285 lb N/A had noeffect ontotal yield, but increased tuber size. Post-hilling
applications ofNhad noeffect onyiled, but tended toreduce Irollow heart incidence. Increasing Nrate increased total
yield ofGoldrush and tended todecrease tubers in the 3-6 ozcategory and increase tubers inthegreater than 12
ozcategory. Post-hilling Napplication tended todecrease yield ofGoldmsh. Thepetiole nitrate testonboth a dry
weight and sap basis was useful for measuring the N status of the crop. For Snowden, petiole nftrats-N
concentrations greater than 0.6% onadry weight basis and 1000 ppm onasaptesisin mid-July were associated
with the highest yields. ForGoldrush, highest yields were associated with a petiole nitrate-NccrKsntralfonof 1.0%
ona dry weight base and 1100 ppmona sapbasis during tuber bulking.

Potatoes are arelatively shallow rooted crop, often supp^ with high rates dnitic<^topromde growth arid yield. High rates ofnitrogen are used
because of the potential for increased yield and ahigh rate d return conpared to the oostdrtlrogenappBed. Shortage ofritrogen during the growing
season can seriousfyfimit yield and tuber size. The shallow root system d potatoes, Mghriiticgenreciuirement and product
increase the potential d nitrate contamination of shallow aquifers under irrigated potato production. This environmental concern has prompted
research to iden% management practices that will mirumize nitrate losses to groundwater. Recentstudies with Russet Burbank have shown that
timing of nitrogen application can have adramatic effect on nitrogen use efficiency by the potato crop. Delaying most d the nitrogen until after
emergence decreased nitrate concentrations in the soil water below the root zone by over 50%. Usedthe pettole nitrate sap test to schedule N
apoBcation after hingfor late season varieties has also shown promise for improving nitrogen use efficiency. While great strides have been made
inunderelarK^therflnxjenrequiremertofpotetoesarri Areasthat
need attention are: deteirnining Nresponse and calibrating the sap test for varieties otherthan Russet Burbank. The overafl objective d this study
wastocharacterize the nitrogen response and calforate the petiote nitrate sap test for Snowden aidGddrushpctoocul^^
conditions.

Materials and Methods

The experimentwas conducted at the Sand Plain Research Farm in Becker, Minnesota on aHubbard loamy sand. Selected chemical propertS-v
in the 0*" depth were asfollows: pH, 6.4; Bray P1,49 ppm; and NH4OAc K, 129 ppm. An average of 11 lb nitrate-N was available in the top.
Prior to planting, 200 fbs/A 00-22 and 200 lbs/A 0-O-60 were broadcast arai incorporated. Each cuivarwas evaluated in adjacent strips. Atplanting,
phosphate (11-460) and potash fertffizer (0O60 and 0-0-22) were baided 3inches to the side bjkJ 2irefces below each
110 lb Pp^A, 200 lb KjO/A, 20 lb Mg/A, and 34 to S/A. Six nitrogen treatments were tested. For each cultivar, five d the six nitrogen treatments
were: 125,165,205,245, and 285 lb N/A. All nitrogen was applied in three split applications: 25 lb N/A at planting (banded asdescribed above) and
the remainder split equally between emergence (May 22 for Snowden and May 23for Goldrush) and hilBng (June 11). The sixth treatment was a
post-hilling treatment where 165 to N/A was applied through hilling as described above, followed by 80 lb N/A post-hilling applied as urea-ammonium
nitrateat 40 lb N/A on June 22 and 40 lb N/A on July 6.

Foreach variety, treatments were repficated 4times in aranrtxiTized complete block design. Spacing was 10* in the row and 36" between rows for
aDvarieties. Eachptotwas 4rows wide and 20 feet in length. Goldrush andSnowden "A" size cut seed potatoes were planted by hand on April 23,
1996. Admirewas applied in furrow for Colorado potato beetle control. Emerc^nceNwassidedressedonMay23forSrKJwdenandMay23for
Goldrush, and hiffingN was applied on June 11. Petioles were sampled at two week intervals starting June 20. Half d the pettoles collected were
crushed toexpress thesapfor quick nitrate ceterminaton using aC^udy meter, and tte
Snowden vines were kffledSeptember4and tubers harvested September 12. Gddrush vines were killed September 5and tuberswere harvested
Septembers Atharvest total yield, graded yield, tuber specifcgraviV. arid internal dfetxotos were recwoed Total dry matter and nitrogen content
d vines and tubers were also ctetermined tocalculate total ralnxjenuptekebythecrop. Irrigation was provided according tothe checkbook method.

Snowden: Yieki d Snowden tuberand vines ispresented in Table a JntaeasingNiatefiwn120roN/Ato280bN/AdkJndsigryfk»itV
yield; however, yield d thelargest sized tubers (gieaterttwn3T increased with increasing Nrate.

Vinegrowth increased with increasing Nrate. At equivalent Nrates, posHifflingN did ndsignificantly aJfed tober yield or virie growth. Although
numerically, the highest yield was obtained with apostWngapp&atfondnitrogea HoDw heart incidencewas lowest wilh the pos*4i!ngtreatment
Specific gravity wasnd affected with increasing Nrate orpost-hJf^ NappBcatJoa

r\
'FunaTng for this research wasprovided bya grant from theArea 2 Potato Research Council.
'ExtensionSoilScientistand AssistantScientist Dept d Soil,Waterand Climate.



Mtrogen uptake mcreased with increasingN rate (Table 2). ThehighestN uptake was obtained with the pcslhillingN treatment which was primarily
/-""'ue tomore Nin thevines atharvest Tuber Nconcentrations and dry matter production were ndaffetced bytreatment while vine dry matter and

rconcentrations at harvest increased with increasingN rate. On the first sampling date petiole nitrate-N was ndaffected by Ntreatment (Table 3).
On all subsequent sampling dates petiole nitrate-N increased with increasing N rate. Highest yield and quality were associated with nitrate-N
concentrations during tuber bulking greater than 0.6% on adry weight basis and 1000 ppm on a sap basis. Posthilling Napplication significantly
increased petiolenitrate-N fromJuly 15 on.

Goldrush: Goldrush tuberand vine yield ispresented in Table 4. Increasing Nrate significantly increased total tuber yield and yield oftubers greater
than 6oz. Tubers lessthan 6 oz increased with increasing Nrate. Post-hilling Napplication tended todecrease total yield aswed as yield d 6-12
oztubers. The practiced applying Nafter raffing forGddrush seems questionable based on lesutenom the past two years, vine growth increased
with increasing Nrate. Hollow heart incidence increased and specific gravity decreased with increasing Nrate.

Nitrogen uptake increased wilh increasing Nrate (Table 5). The posthilling Ntreatment did ndimprove nitrogen uptake and tended to lower tuber
dry matter production at harvest. Tuber and vine Nconcentrations increased with increasing Nrate. Dry matter porduction was ndaffected by
increasing Nrate. On the first sampfing date petiole nitrate-N was not affected by Ntreatment (Table 6). On all subsequent sampling dates petiole
nitrate-N increased with increasing Nrate. Highest yield and quality were associated with nitrate-N concentrations during tuber bulking greater than
1.0% ona dry weight basis and 1100 ppm onasapbasis. Pc^llirigNapplicattonsigjdricaritlyirKjease^

o

n
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Table 1. Effect of nitrogen treatments on Snowden tuber quality and fresh weight of vines and tubers -
Becker. MM.

Treatment

Vine

Tons/A

2.70

2.97

3.37

4.10

5.42

4.40
**

0.64

Fresh weight—
1%-2M- 3K-3- Total

Specific
£r£VA£y

1.0905

1.0906

1.0903

1.0928

1.0913

1.0906

NS

Hollow

Heart-%,

incidenctLJ
2.0

4.0

2.0

5.0

4.0

0.0

NS

1.

2.

3.

4.

5.

6.

N total

125

165

205

245

285

245

Significance
BLSD (0.05)

N timing

(25.50,50)'
(25.70,70)

(25,90.90)

(25,110,110)

(25,130,130)
<25,70,70)+802

NS

34.5

29.2

22.9

25.8

24.1

30.5

NS

NS

NS

125.2

122.1

101.7

112.6

108.1

106.1

NS

NS

NS

NS

-CWt/A-

186.2

168.9

195.2

171.5

170.2

195.6

NS

NS

NS

NS

S3.0

84.4

119.1

111.9

133.0

118.8
*

58.9

NS

NS

398.9

404.6

438.9

421.8

435.4

451.0

NS

NS

NS

NS

NS

NS

NS

NS

NS

Contrasts

Lin Rate N (1, 2, 3, 4, 5)
Quad Rate N (1, 2. 3, 4, 5)
Post-hilling (4) vs (6)
1= Planting, emergence and hilling respectively. '=Two post-hilling applications at 40 pounds N/A each. NS
= Nonsignificant; », ** o significant at 5% and 1%, respectively.

Table 2. Effect of nitrogen treatments on Snowden nitrogen content, nitrogen concentration, and dry matter
production - Becker. MN.

Treatment

1.

2.

3.

4.

5.

6.

N total

125

165

205

245

285

245

Significance
BLSD (0.05)

N timing

(25,50,50)1
(25,70,70)

(25,90,90)
(25,110,110)
(25,130,130)
(25,70,70)+802

Nit-room content

Tuber

- lbs/A

108.1

118.0

124.9

127.0

131.7

130.9

NS

Total

114.9

126.5

134.0

136.8

147.1

149.1

NS

Vine

6.8

8.5

9.1

9.8

15.4

18.2

3.5

NS

NS

NS

NS

N concentration

Vine

1.29

1.28

1.37

1.21

1.50

1.80
*

0.35

Tuber

1.14

1.29

1.27

1.29

1.26

1.26

NS

NS

NS
**

% N

NS

NS-

NS

0.26

0.33

0.34

0.42

0.52

0.51
**

0.09

Dry matter

Tuber

Tons/A

4.72

4.63

4.94

4.96

5.22

5.21

NS

Total

4.98

4.96

5.28

5.38

5.74

5.72

NS

NS

NS

NS

NS

„ ^
NS

NS

Contrasts

Lin Rate N (1, 2, 3, 4, 5)
Quad Rate N (1, 2, 3, 4, S)
Post-hilling (4) vs (6)
1= Planting, emergence and hilling respectively. := Two post-hilling applications at 40 pounds N/A each. NS
= Nonsignificant; ++, *, ** = significant at 10%, 5% and 1%, respectively.

Table 3. Effect of nitrogen treatments on Snowden nitrate-N concentration in potato petioles (dry weight

June 2° Julv 1 Julv 15

dry weight sap dry weight sap dry weight sap

N total N timina

Petiole-N Horiba Petiole-N Horiba Petiole-N Horiba

1. 125 (25,50,50)' 26218 1650 14906 1450 899 355

2. 165 (25,70,70) 26578 1675 22000 1875 2316 553

3. 205 (25,90,90) 26737 1725 24460 1950 6636 1018

4. 245 (25,110,110) 27119 1775 24422 1925 11135 1250

5. 285 (25,130,130) 25811 1700 27842 2025 14691 1500

6. 245 tfS^O^OJ+SO' 26194 1700 26315 1975 16630 1575

Significance NS NS ** ** ** **

BLSD (0.05) — ~ 5026 218 1740 114

Contrasts

Lin Rate N (1, 2, 3, 4, 5) NS NS *• ** ** **

Quad Rate N (1, 2, 3, 4, 5) NS NS NS * ++ NS

Post-hilling (4) vs (6) NS NS NS NS «• **

1= Planting, emergence and hilling respectively. ' = Two post-hilling applications at 40 pounds N/A each. NS
= Nonsignificant; ++, *, ** = significant at 10%, 5% and 1%, respectively.

u



Table 3 cont.
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Effect of nitrogen treatments on Snowden nitrate-N concentration in potato petioles
weight basis) and nitrate concentration in petiole sap - Becker. MN.

Date

rS
Treatment

^

N total N timing

1. 125 (25,50,50)'
2. 165 (25,70,70)
3. 205 (25,90,90)

4. 245 (25,110,110)

5. 285 (25,130,130)
6. 245 <25,70,70)+802

Significance
BLSD (0.05)

Contrasts

Lin Rate N (1, 2, 3, 4, 5)
Quad Rate N (1, 2, 3, 4, 5)
Post-hilling (4) vs (6)

•MY 35
dry weight
Petiole-N

sap

Horiba

August 6

dry weight
Petiole-N

sap

Horiba

NOj-N

263 158 37 140

991 185 397 193

1313 443 537 228

4143 838 1497 335

9576 1200 3860 463

13242 1450 6322 593

1692 121

**

**

**

1857 104

NS

(dry

1= Planting, emergence and hilling respectively. 2 = Two post-hilling applications at 40 pounds N/A each. NS
= Nonsignificant; ++, *, ** = significant at 10%, 5% and 1%, respectively.

Table 4. Effect of nitrogen treatments on Goldrush tuber quality and fresh weight of vines and tubers -
Becker. MN. —

•Fresh we

2=$sz

Specific
Gravity

Hollow

Vine Knobs <3_QZ 6-12 oz >12 oz Total Heart-%

125

Tons/A

0.71 15.3 59.6 150.5 183.5 21.1 430.0 1.0823

incidence

1. (25,50,50)' 4.0

2. 165 (25,70,70) 0.84 5.4 51.7 143.0 186.4 39.6 426.1 1.0805 7.0

3. 205 (25,90,90) 1.04 14.3 47.7 117.5 194.5 48.4 422.4 1.0792 4.0

4. 245 (25,110,110) 1.35 15.1 39.0 106.4 219.6 79.0 459.1 1.0769 9.0

5. 285 (25,130,130) 1.95 16.3 31.7 99.5 207.0 107.7 462.2 1.0776 10.0

6. 245 (25,70,70)+802 1.75 18.6 38.9 100.8 177.1 76.8 412.2 1.0755 7.0

//*™NSigni
BLSD

.ficance ** * ** ** NS ** NS NS

(0.05) 0.40 8.1 13.1 24.3 —— 26.1
""

0.0043

Contrasts

2, 3, 4. 5) ** NS ** #* ++ ** ++ **

Lin Rate N (1,
•M-

Quad Rate N (1,, 2, 3, 4, 5) ++ NS NS NS NS NS NS NS NS

Post-hilling (4) vs (6) ++ NS NS NS ++ NS ++ NS NS

= Planting, emergence and hilling respectively. 2= Two post-hilling applications at 40 pounds N/A each. NS
!Nonsignificant; ++, *, and ** = significant at 10%, 5%, and 1%, respectively.

Table 5. Effect of nitrogen treatments on Goldrush nitrogen content, nitrogen concentration, and dry matter
production. Becker, .fflL,

Treatment

" total

125

16S

205

245

285

245

1.

2.

3.

4.

5.

6.

Significance
BLSD (0.05)

N timing

(25,50,50)'
(25,70,70)
(25,90,90)

(25,110,110)
(25,130,130)
(25,70,70)+802

Contrasts

Lin Rate N (1, 2, 3, 4, 5)
Quad Rate N (1, 2, 3, 4, 5)
Post-hilling (4) vs (6) ,
'= Planting, emergence and hilling respectively. 2 = Two post-hilling applications at 40 pounds N/A. each.
NS = Nonsignificant; ++. *, ** = significant at 10%, 5% and 1%, respectively.

r^

Nitrogen content N concentration Dry matter

Tuber

Tons/A

4.50

4.14

4.30

4.56

4.33

3.95
++

0.49

Tuber YiosVine

5.8

9.3

9.9

12.0

11.4

12.4

NS

NS

NS

Tuber

- lbs/A

100.2

122.0

122.5

143.5

152.0

120.3
**

24.5

NS

Total Vine

106.0

131.3

132.4

155.5

163.4

132.7

1.51

1.53

1.84

2.37

2.23

2.46

24.0 0.50

NS

NS

NS

NS

% N

1.11

1.49

1.42

1.57

1.76

1.52
**

0.31

NS

NS

0.20

0.33

0.27

0.26

0.26

0.25

NS

NS

NS

NS

NS

NS
**

Total

4.70

4.47

4.57

4.82

4.59

4.20

NS

NS

NS
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Table 6. Effect of nitrogen treatments on Goldrush nitrat<e-N concentrat:Lon in potato petioles (dtry weight
basis) and nitrate concentration in petiole sap - Becker. MN.

Treatment
June 20 July 1 July 15 /—\

dry weight
Petiole-N

sap

Horiba

dry weight
Petiole-N

sap

Horiba

dry weight
Petiole-N

sap '

N total N timing

Horiba

1. 125 (25,50,50)' 22878 1450 12136 1225 2130 385

2. 165 (25,70,70) 23767 1525 18097 1650 324 568

3. 205 (25,90,90) 25163 1575 22227 1700 7104 750

4. 245 (25,110,110) 24473 1525 26415 1950 10378 1175

5. 285 (25,130,130) 23665 1475 27688 2000 16049 1450

6. 245 (25,70,70)+802 24382 1S25 24051 1900 14864 1450

Significance NS NS *# *# ** ft*

BLSD (0.05) ~ — 2562 146 2815 293

Contrasts

Lin Rate N (1, 2, 3, 4, 5) NS NS ** ** **

Quad Rate N (1. 2, 3. 4, 5) ++ +♦
* * * NS

Post-hilling (4) vs (6) NS NS +•»• NS •* ++

1= Planting, emergence and hilling respectively. 2= Two post-hilling applications at 40 pounds N/A each. NS
= Nonsignificant; ++, *, ** = significant at 10%, 5% and 1%, respectively.

Table 6 cent. Effect of nitrogen treatments on Goldrush nitrate-N concentration in potato petioles (dry weight
basis) and nitrate concentration in petiole sap - Becker.JM,

Treatment

l.

2.

3.

4.

5.

6.

M total

125

165

205

245

285

245

Significance
BLSD (0.05)

N timing

(25.50.50)'
(25,70.70)

(25,90,90)
(25,110,110)
(25,130,130)

(25,70,70)+802

Contrasts
Lin Rate N (1, 2, 3, 4, 5)
Quad Rate N (1, 2, 3, 4, 5)
Post-hilling (4) vs (6)

July 25 Auoust 7

dry weight sap dry weight sap

Peciole-N Horiba Petiole-N Horiba

304 143 450 145

636 240 255 150

864 353 994 210

4130 740 2062 380

7247 853 2575 493

12759 1250 5566 703
** *• ** **

1979 211 1687 119

** •* »* **

** NS NS ++

#* ** ** *#

n

1= Planting, emergence andhilling respectively. 2= Two post-hilling applications at 40 pounds N/A each. NS
= Nonsignificant; ++, ** = significant at 10% and 1%, respectively.

r^
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EVALUATION OFROW SPACING EFFECTS ONYIELD AND QUALITY OFIRRIGATED POTATOES'
-1996-

f) Carl J. Rosen. Dave Birong, andGlenn Trtrud2

Abstract The second yearofathree year field study was conducted at theSand Plain Research Faim in Becker to
evaluate 30inch row spacing attwo plant populations (15,840 arel 18216 plants/A) onirrigated Norland and Russet
Burbank potato production. ForNoitand, total yield was significantly greater at30inch spacing compared to36 inch
spacing at both plant populations. This yield increase was primarily due toan increase in smaller (<225 inch) sized
tubers. For RussetBuibank. between row spacing hadnoeffect ontotal yieki.rjut yield d 6-12 oz tubers wasgreater
with 36" row spacing compared to 30 inch row spacing.

Traditional spacing between rows for potatoes is 36 inches. However, row spacing for many of the rotation crops such as sweet com and soybean
is 30 inches. Efficiency in farming operations would be improved if all crops grown had the same row spacing since tractors could be used
interchangeably. Before aswitch to 30 inch row spacing is made, growers need to toww howtuber production may be affected. Results from 1995
indicated that total y^d Ftusset Burbank wassio^ific^
was primarity due to an increase in smaller (<6oz) sized tubers. Because yield d smaller tubere increased with narrower rows, the potential for
increased profitability may be greater for varieties such as Norland where smaller tubers are often preferred. The objective of this study therefore
wastodetermine theeffects of30inch row spacing onyield and quality ofboth RussetBurbank andNorland potatoes.

Materials and Methods

The experiment was conducted at the Sand Plain Research Farm at Becker on aHubbard loanTysami following aprevious crop of rye. Selected
soachemical properties (0-6")piforto planting were: Soil pH(1:1 -soilMater),6.4:BrayP1,30ppm;andNH4OAcK.118ppm. Nitrate-N in the top
twofeetpriortoplaritingwas22fa/A. Two between row soarings were tested using Russet BurtiarkandAed Norland cullivars. Each cultivarwas
grown in separate plots. The between row spacings were 30" and 36" at two plant populations -15,840 and 18216 plants per acre. These plant
populations correspond to 11 arxi 9.5 fricheswahin row sparing for 36" rev* areM^ Foreach
cultivar, the four treatments were replicated 4times in asplit plot design with between row spacing as the main plots and within row spacing as the
sub plots. Each plot was6rows wide and 40 feet in length. Furrows were opened mechanically and astarter fertilizer of (lbs/A) 25 N, 110, PA,
200 K.0 20 Mg and33S was banded2to 3inches to each side betowthe furrow. Norland "B" size tubers were planted on April 17,1996 and
RussetBuitar*"A"sizecuttuberewereptanted on April 22.1996. Admire was applied efirectly in furrow for irisectrontrol and the rows were then
mechanical hilled Fw Norland, N re

n2) For Russet Burbank, Nas ammonium nitrate was applied at the rate of 1(10 to hVA at emergence (^y 29) and 110 lb N/A at hflfing (June 12).
loriand vines were killed July 18 and the middle two rows of each plotwere harvested July 31. Russet Burbankvines were killed on September

9and the middle two rows of each plot were harvested September 16. Tubers were weighed and graded according to size.

Results

Norland: Yield and quafty as affected rjyrw spacing is presented in Table 1. Useof 30 inch row spacing significantly increased to^
to36teh spacing. As with the results from 1995 with Russet Burbank. this effect was due to an rnaeasehlhevieldd smaller s^tubere (less
than 225 inches). Yreld of the largest sized tubers (greater than 3irrties) increased withwiderspacr^
not affected by between row spacing. Spacing had no effect on vine yield, hollow heart incidence, or growth cracks.

Petiole nitrate-N on June 28 was not significantly affected by spacing or plant population (Table 2). Even though tuber yield and total dry matter
production was greaterwith 30 inch row spacing, there was no difference in Ndue to row spacing or plartpopu^. The main reascflforrackof
aneffedouetorowspacirgorplartpaj^ row spacing, which
offset thehigher yield ofthe30* row spacing.

Russet Burbank: Yield and quality as affected by row spacing is presented in Table 3. Use of 30 inch row spacing had no effect ontotalyfeld
SrnSredtolK^
with 30 inch rows. Spacing had no effect on vine growth, hollow heart incidence orspecific gravity. -

Petiole nitrate-N on June 28was tower for the 30 inch spacing <»mpared to 36 i«* sparingw^
plant populations werethesame wilh each row sparirig. the anx)um of Napplied per plant was for each row sp
ESooncertra^ Dry-nati* production and Nuplake byvines and tube* were rot significantly
affected byrow spacing orplant population.

As in 1995, the results of this study suggest that 30 inch spacing would not be that useful for potatoes where lar^rsized tubers"» no**
However, for Noriand orseed potatoes where smaller sized tubers are often desirable, 30 inch row spaang may r^
year ofstudy isneeded before definite conclusions can bemade.

/•"YFunding tor this research was provided by agrant from the Area 2Potato Research Councfl. „_,„..„ _u«-„_
. 'Extension Soil Scientist and Assistant Scientist, respectively. Dept of Soil, Water and Climate; Supervrsor, Sand Plain Research Farm.
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Table 1. Effect of row spacing and plant population on vine yield and yield and quality of Norland tubers -
H«*er. MM. (Vines kil1«* .T>ilv 18. 1996).

Between Within

Row Row per

SEacina SBacina &sre_

Plants Fresh weight-

Tuber size Growth Hollow,

Cracks Hssr£

% incidence

0.0 1.0

0.0 1.0

0.0 0.0

0.0 0.0

inches

30

30

36

36

inches

11.4

13.2

9.5

11.0

Significance

BLSD (0.05)

Spacing
Population

Space X Pop

18,340

15,840

18,340

15,840

Vine

Tons/A

11.6

11.1

13.0

12.2

NS

<Vfr IW-1%- 1%-2W 2M-2W
cwt/A

12.7 28.8 131.4 102.2 101.6

10.8 33.7 125.5 98.6 105.6
9.0 26.3 106.2 91.1 99.1
7.4 21.7 100.3 89.6 102.6

2tt-3" Total

NS NS

4.8 6.5 14.0

NS *

NS NS

NS NS

NS

** NS NS

NS NS NS

NS NS NS

9.5

14.9

10.2

11.8

386.2

389.1

341.9

333.4

NS NS

5.1 26.4

NS

NS

** NS NS

NS NS NS

NS NS NS

VJ

NS Nonsignificant; **, *, +♦ = significant at 1%, 5% and 10%, respectively.

Table 2. Effect of row spacing and plant population on petiole nitrate-N (sampled June 28) and nitrogen
content, concentration and dry maf-ter production of Norland Potatoes at harvest. Becker, MM.

Between Within Plants

Row Row per

Snaring Spacing Acre,

inches

30

30

36

36

inches

11.4

13.2

9.5

11.0

Significance

BLSD (0.05)

Spacing

Population

Space X Pop

18,340

15,840

18,340

IS,840

NS = nonsignificant ,-

Nitrogen content

Vine

57.1

50.2

60.0

58.9

NS

NS

NS

NS

Tuber

lbs/A

101.8

96.3

88.6

86.3

12.49

NS

NS

Total

158.9

146.5

148.7

145.1

NS

NS

NS

NS

Nitrogen concentration

Petiole

ppm NOj-N

12,286

11,391

13.277

14,170

NS

NS

NS

NS

Vine Tuber

% N

2.42 1.45

2.16 1.39

2.55 1.50

2.57 1.46

NS

NS

NS

NS

NS

NS

NS

NS

= significant at 1% and 5%, respectively.

Dry matter

Vine

1.2

1.2

1.2

1.1

NS

NS

NS

NS

Tuber Total

Tons/A

3.5

3.5

3.0

3.0

4.7

4.7

4.2

4.1

0.5

NS

NS

0.6

**

NS

NS

u

Table 3. Effect of row spacing and plant population on vine yield and yield and quality of Russet Burbank
tubers. Becker. MH. (Vines killed September 9. 1996).

Between

Row

Spacing
inches

30

30

36

36

Within

Row

Spacing

inches

11.4

13.2

9.5

11.0

Significance
BLSD (0.05)

Spacing

Population

Space X Pop

Plants

per

Ac"?

18,340

15,840

18,340

15,840

NS = nonsignificant ,-

Knobs <3 oz

18.6

21.1

4.9

10.5

6.8

NS

63.2

56.5

56.2

42.6

14.2

NS

-Fresh weight-
Tuber Size

3-6 oz §-12 OS
CWt/A

162.2 206.3

145.1 194.3

172.5 224.2

142.6 233.9

>12 oz Total

NS

NS

NS

NS

NS

NS

80.4

84.5

70.8

83.3

NS

NS

NS

NS

530.7

501.5

528.6

512.9

NS

NS

NS

NS

-M- = significant at 1%, 5% and 10%, respectively.

Vine

Tons/A

9.6

10.7

10.0

10.5

NS

NS

NS

NS

Specific
Gravity

1.0920

1.0905

1.0879

1.0893

NS

NS

NS

NS

Hollow

Heart

%

15.0

12.0

15.0

15.0

NS

NS

NS

NS

U



15

Table 4. Effect of row spacing and plant population on petiole nitrate-N (sanpled June 28) and nitrogen
content, concentration and dry matter production of Russet Burbank potatoes at harvest. Becker,

JSL •
i xween

- Row

Spacing
inches

30

30

36

36

Within

Row

Spacing

inches

11.4

13.2

9.5

11.0

Significance
BLSD (0.05)

Spacing
Population

Space X Pop

Plants

per

.Acre

18,340

15,840

18,340

15,840

NS = nonsignificant;

n

r*\

Nitrogen content

Vine

35.0

33.9

28.3

32.6

NS

NS

NS

NS

Tuber

lbs/A

131.7

138.5

138.2

129.5

NS

NS

NS

NS

Total

166.7

172.4

166.5

162.2

NS

NS

NS

NS

Nitrogen concentration

£e£i2l3

ppm NOj-N

21,276

21,358

23,489

23,707

NS

NS

NS

Vine Tuber

% N

1.49 1.08

1.51 1.22

1.53 1.18

1.47 1.17

NS

NS

NS

NS

NS

NS

NS

= significant at 5% and 10%, respectively.

Dry matter
Vine

1.1

1.1

0.9

1.1

NS

Tuber Total

Tons/A

6.1 7.2

5.7 6.8

5.9 6.8

5.6 6.7

NS NS

NS

NS

NS

NS

NS

NS

NS

NS

NS
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EFFECT OF NITROGEN RATE AND TIMING ON YIELD OF RED NORLAND POTATO1

Carl J. RosenandDaveBirong2

ABSTRACT: The second yearof a three year field studywas corxfuctedat the Sand Plain Research Farmat Becker
to determine the effects of nitrogen rate and timing on yield of Red Norland potatoes. Forearlyharvest Norland,
increasing Nrate from 125to285 lb N/A did not significantly affect total tiitier yield; however, Cmh^dNapplkation
affectedtubersize dJstribufcn. IncreasingN rateat planting at the 205 lb N/A ratetended to decrease totalyieldand
larger sized (greater than25 inches) tubers. Delaying Noriandvine kill by threeweeks increased tuberyieldby about
100 cwt/Acompared to the yieldobtainedwiththe earlyharvest Increasing N rate from 165to 245 lb N/A had no
effecton total yield, suggesting thatunderthe conditions of this study, 165 lbN/Awas sufficient for optimumyieldof
mid/late season harvested Norland.

Norland tsan earty maturing redpotato variety used primarily for the fresh market Depending onthe market vinesare killed from mid-July to late
August Recem studies wrft Russet Burrjank have shown that
by the potatocrop. Delaying most of the nitrogenuntil afteremergence decreased nibateoonceritiations intte
50%. Fewstudtes,however, have been conducted w9hNorland potato to detemiirie the effedsdN ratearid tiri^ on yield at
Nitrogen appSed tooearty inthe season may be susceptible to leaching losses than nitrogen applied during the period of maximum uptake. On the
otherhand, N fertilizer applied early inthe seasonmayaffect tuberinitiation, which inturn canaffect tubernumber andsize. The overall objective
ofthisstudywas to define optimum nitrogen application timesandrates for the Norland variety wherethecropisharvested for bothan earty and
mid/late season market

Materials and Methods

The experiment was conductedat the Sand Plain Research Farm inBecterMinnesoteon a Hubbard sandytoam. Selected chemical properties
inthe 0-6* depthwereas follows: pH, 6.4; Bray P,45 ppm; and NH4OAc K, 127ppm. An average of 14 fo nitrate-N was available inthe top2 ft
Prior to planting, 200lbs/A 0-0-22 and200lbs/A OO-60 were broadcast andincorporated. Effects ofnitrogen treatments wereevaluated atanearty
andfate harvest date. Each harvest datewasevaluated inseparate ships. Atplantrng, phosphate (11-48-0) andpotash fertilizer (0460 and0-0-22)
werebanded3 inchesto tJie sideand 2 inches telowea(*Ujber to supply25 to For
earty harvest Red Norland, twelveNtreatments weretested. Five ofthe twelvenitrogen treatments were: 125,165,205,245, and285 lbN/A. All
nitrogen was applied inthreespStapplications: 25 b N/A at plantrng (banded as Described above)andthe rema^
andhiffing. The remaining seventreatments were designed toevaluate theeffected increased starter N(25 to85 toN/A) on yield. RatesofNhigher
than 25b N/Ainthe starterweresupplemented with urea andbandedas described above. Various timesofapplication wereevaluated atthr \
and 205 b N/A rates. Spedfc timing dNappBcation for each treatmert For the fate season harvest six treatn\w-J
weretested at 165,205, and 245 b N/Awith either 25or65 toN/Ainthe starter (Table 4).

Treatments were replicated 4times ina randorrtzed complete block design. Sp^ng was10" in therow and 36" rjetweenrwAis for aS varieties. Each
plot was4 rows wideand20 feetinlength. Norland "B" sizecutseed potatoes wereplanted on April 17,1996for both the harvest dates. Admire
wasapplied in furrow for Colorado potato beetle control toall plots. Emergence Nwasapplied onMay 22andhilling Nwasapplied onJune 11.
For earty harvest Norland, petioles werecc«ectedattwosanipf^*ites(June24andJuly17). Petioles from themid-season harvest Norland were

coflected atfive sampling dates starting June 20attwo week intervals. Half ofthepetioles collected were crushed toexpress thesapfor quick nitrate
detenrrination, and theremainderweredried for conventional rfliatedeterrrnriatjoa EartyNorland vines were killed July 17andtuberswere harvested
July 31. Late season htortandvines were kffled August 8and tubers were harvested August 20. At each harvest total yield, graded yield, andintemaJ
dsorders were recorded. Total dry matter and nitrogen content ofvines and tubers were also determined to calculate totaJ nitrogen uptake bythe
crop.

Pewits

Eartv Harvest NrntafTrtritadrfraityhan^^ Increasing nitrogen rate from 120 b N/A to280b
N/A drd notsigriificantly affecttotal tub^
sized (greater than 25 inches) tubers. Atthe165 bN rate, increasing Nrntrre starter hadroe
of larger sized tubers and increase the yield of smaller sized (less than 25inches) tubers. Neither Nrate rrar timing significantly affected vine yield.
Growth cracks and hollow heart incidence were not affected bytreatment

Nitrogen uptake tended toincrease with increasing Nrate (Table 2). Increasing Nin the starter tended todecrease Nuptake atthe 205 to Nrate
but had the opposite effect atthe 165 to N/A rate. Total dry matter accumulation was not affected bytreatment Petiole nitrate-N on June 24
increasedwith increasingN rate and decreased wilh increasingN in the starter (Table 3). On June 24, the highest yield and quality was associated
with sap nitrate-N levels between 1400and 1600 ppm and dry weifjW«xx»rtrations between 1.7 and 25%. By July 17 (one day before harvest),
petiole nitrate-N increased with increasing N rate, butwasnot affected byNinthestarter.

u

'Funding for this research was provided byagrant from the Area 2 Potato Research Council.
tension Soil Scientist and Assistant Scientist, respectively, Dept of Soil, Water, &Climate. i )
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Late season Harvest Noriand: Delaying vine kill by3weeks increased yield onaverage byabout 100 cwt/A. With 25b N/A in thestarter, yield of
the largest sized (greater than3") tubers increased with N rate andyield ofthe 25 to 3"sizedtubers decreased (Table 4). With 65 b N/A inthe

/—•^tarter, yield ofthe largest sized tubers tended decrease with Nrate asdid yield oftubers in the 225to25"category. Vine yield was not affected
' jy N treatment. Growth cracksand hoBow heartincidence were notconsistently affectedbyN treatment

Eventhough tuberyield increased atthe later harvestdatetotal Nuptal<e was onlysfightty higher (5to 10b N/A). The mainreasonfor a lackof N
uptake isthatthecrophadbasically matured andmostofthe Nhadbeentakenup by mid-July. The Ncontentinthe vinesat the later harvestwas
lower, while tuberN content was highercompared to theearly harvest. Nitrogen content ofvinesandtubers at harvest increased with increasing
N rate (Table 5). Starter N did notsignificantly affect N uptake. Dry matter production was notaffected by N rate, buthigher amounts ofN inthe
starter tendedto reduce drymatter production. On all sampling dates, petiole nitrate-N increased withincreasing N rate, butwas notaffected by N
in the starter.

Table 1. Effect of nitrogen treatments on

tubers - Becker. MN.
early harvest Norland tuber quality and fresh weight of vines and

Treatment

1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

N total

125

165

205

245

285

165

165

165

205

205

205

165

(^"^Significance
BLSD (0.05)

Contrasts

Lin Rate N (1, 2, 3, 4, 5)

Quad Rate N (1, 2, 3, 4, 5)

Lin Rate N (2, 6, 7, 8)

Quad Rate N (2, 6, 7, 8)

Lin Rate N (3, 9, 10, 11)

Quad Rate N (3, 9, 10, 11)

Planting rate (2,12) vs (7,8)

N timing
(25,50,50)'
(25,70,70)

(25,90,90)

(25,110,110)

(25,130,130)

(45,60,60)

(65,50,50)

(85,40,40)

(45,80,80)

(65,70,70)

(85,60,60)

(25,110,30)

Vine

Tons/A

4.00

3.92

4.75

4.53

4.47

4.38

4.41

4.66

4.59

3.94

4.75

3.79

NS

NS

NS

NS

NS

NS

NS

<iiil 1M-1%'

11.5

11.4

12.8

13.1

13.4

14.7

19.5

10.7

17.1

22.7

20.8

9.5

29.9

24.6

30.0

34.1

27.9

50.1

35.6

27.1

28.5

43.6

32.7

22.8

5.8 16.4

NS

NS

NS

NS

NS

NS

NS
#*

NS

NS

NS

—Fresh weight

VfirW 2K-2%- 2tt-3"
cwt/A

144.6

125.3

139.8

136.3

123.2

130.4

149.5

124.2

139.1

125.9

137.9

140.2

NS

NS

NS

NS

++

NS

NS

NS

94.3

82.3

90.2

90.9

81.8

89.0

95.5

103.2

74.6

64.8

79.5

86.6

22.7

NS

NS

*

NS

NS

64.3

73.5

77.3

75.3

76.1

52.6

60.2

71.5

68.5

45.6

56.8

72.7

NS

NS

NS

NS

NS

NS

12.8

14.1

12.8

12.9

8.3

9.3

8.9

4.6

9.1

8.4

"6.1

5.1

NS

NS

NS

*

NS

++

NS

1 = Planting, emergence and hilling respectively.
1%, respectively.

NS = Nonsignificant;

r>

TPtgil

357.4

331.2

362.9

362.6

330.7

346.1

369.2

341.3

336.9

311.0

333.8

336.9

NS

NS

NS

NS

NS

NS

Growth Hollow

Cracks Heart

% incidence

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

NS

NS

NS

NS

NS

NS

NS

NS

1.0

1.0

0.0

0.0

0.0

0.0

1.0

3.0

1.0

1.0

1.0

0.0

NS

NS

NS

NS

NS

NS

NS

NS

significant at 10%, 5% and
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Table 2. Effect of nitrogen treatments on early harvest Norland nitrogen content, nitrogen concentration.
and drv matter production - £ecker^_MN.

Treatment

Nitrogen content N concentration

Vine Tuber

Drv matter

/*—\
r ^

yios Tuber Total Vine Tuber Tats!

N_£pJal

125

N t.HWnq.

16.5

~ lbs/A

96.1 112.6 2.32

% N

1.64 0.36 2.931. (25.50,SO)1 3.29

2. 165 (25,70,70) 19.2 86.1 105.3 2.74 1.50 0.36 2.85 3.21

3. 205 (25,90,90) 29.1 102.5 131.6 3.43 1.71 0.44 3.00 3.44

4. 245 (25,110,110) 33.8 111.0 144.8 3.85 1.81 0.44 3.08 3.52

5. 285 (25,130,130) 32.3 95.2 127.5 3.71 1.77 0.44 2.69 3.13

6. 165 (45,60,60) 22.0 99.4 121.4 2.72 1.72 0.40 2.94 3.34

7. 165 (65,50,50) 19.9 97.4 117.3 2.31 1.61 0.43 3.05 3.48

8. 165 (85,40,40) 22.3 93.0 115.3 2.96 1.66 0.38 2.86 3.24

9. 205 (45,80,80) 26.9 99.7 126.6 3.21 1.83 0.42 2.75 3.17

10. 205 (65,70,70) 24.7 81.5 106.2 3.12 1.56 0.40 2.62 3.02

11. 205 (85,60,60) 26.4 94.7 121.1 2.91 1.73 0.45 2.74 3.19

12. 165 (25,110,30) 13.6 79.8 93.4 2.10 1.32 - 0.33 3.06 3.39

Significance ** * ** ** NS * NS NS

BLSD (0.05) 4.0 18.6 15.2 0.47 — 0.10 — —

Contrasts

2, 3. 4, 5) ** NS ** ** NS • NSLin Rate N (1, NS

Quad Rate N (1, 2, 3, 4. 5) * NS NS * NS NS NS NS

Lin Rate N (2, 6, 7, 8) NS NS NS NS NS NS NS NS

Quad Rate N (2, 6, 7, 8) NS NS ++ +> NS +♦ NS NS

Lin Rate N (3, 9, 10, 11) NS ++ * * NS NS NS NS

Quad Rate N (3, 9, 10, 11) NS NS ++ NS NS NS NS NS

Planting rate (2,12) vs (7,8) *# * ** NS ++ • NS NS

1= Planting, emergence and hilling respectively.
1%, respectively.

NS = Nonsignificant; ++, *, ** = significant at 10%, 5% and

Table 3. Effect of nitrogen
(drv weight basis)

treatments on early harvest Norland nitrate-N concentration in potato petio^..^
and nitrate concentration in petiole sap. Becker. MN.

Treatment

N total

125

N, tjmino

1. (25,50,50)'
2. 165 (25,70,70)

3. 205 (25,90,90)

4. 245 (25,110,110)

5. 285 (25,130,130)

6. 165 (45,60,60)

7. 165 (65,50,50)

8. 165 (85,40,40)

9. 205 (45,80,80)

10. 205 (65,70,70)

11. 205 (85,60,60)

12. 165 (25,110,30)

Significance

BLSD (0.05)

Contrasts

Lin Rate N (1, 2, 3, 4, S)

Quad Rate N (1, 2, 3, 4, 5)

Lin Rate N (2, 6, 7, 8)

Quad Rate N (2, 6, 7, 8)

Lin Rate N (3, 9, 10, 11)

Quad Rate N (3, 9, 10, 11)

Planting rate (2,12) vs (7,8)

June., 24 Julv 17

dry weight sap dry weight sap

Petiole-N Horiba Petiole-N Horiba

17750 1350 515 218

17812 1400 2560 413

21348 1625 6164 898

23103 1675 11626 1045

21586 1725 13312 1280

17392 1475 2264 343

17033 1425 918 318

16427 1275 1751 343

20086 1575 5360 773

20577 1550 5773 683

18851 1475 4672 743

11471 1075 188 168

** ** ** **

2212 100 3134 220

** ** •* **

NS NS NS NS

NS * NS NS

NS *• NS NS

++ ** NS NS

NS NS NS NS
* *• NS NS o

1= Planting, emergence and hilling respectively. NS = Nonsignificant;
1%, respectively.

= significant at 10%, 5% and
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Table 4. Effect of nitrogen treatments on late harvest Norland tuber quality and fresh weight of vines and
tubers - Becker. MM.

-Fresh weight—
1%-2M" 2K-2W

Growth 1

Cracks

% inci

3.0

Hollow

Vine

Tons/A

2.02

<1W> 1M-1%- 2W-3- _>3J_ Total Heart

1. 165 (25,70,70)' 6.3 13.6 92.5 102.1 156.1 75.7 446.3 3.0

2. 205 (25,90,,90) 2.31 6.2 13.5 92.5 98.3 164.7 76.4 451.6 0.0 2.0

3. 245 (25,110,110) 2.27 5.0 12.4 97.2 105.1 129.1 110.2 459.0 0.0 2.0

4. 165 (65,50,,50) 2.27 7.1 19.3 109.2 122.3 152.4 43.6 453.9 1.0 2.0

5. 205 (65,70,70) 2.37 8.5 15.4 95.5 99.0 140.9 86.9 446.2 0.0 8.0

6. 245 (65,90,,90) 2.27 10.3 17.0 106.6 100.2 144.2 58.2 436.5 0.0 4.0

Significance NS NS NS NS * NS *• NS • NS

BLSD (0.05) — — ~ ~ 17.1 ~ 32.2 — 2.1 —

Contrasts

Lin Rate N (1, 2, 3) NS NS NS NS NS ++ * NS •* NS

Quad Rate N (1, 2, 3) NS NS NS NS NS ++ NS NS ++ NS

Lin Rate N (4, 5, 6) NS ++ NS NS ** NS NS NS NS NS

Quad Rate N (4, 5, 6) NS NS NS NS ++ NS * NS NS ++

Main Effects

N rate

165 2.15 6.7 16.4 100.8 112.2 154.2 59.7 450.0 2.0 2.5

205 2.34 7.4 14.5 94.0 98.7 152.8 81.7 449.1 0.0 5.0

245 2.27 7.7 14.7 101.9 102.6 136.6 84.2 447.7 0.0 3.0

Significance NS NS NS NS * NS ++ NS »* NS

Contrasts

NS NS NS NS +♦ NS * NS ** NS

NS NS NS NS ++ NS NS NS ++ NS

2.20 5.9 13.1 94.1 101.8 149.9" 87.5 452.3 1.0 2.3

2.30 8.6 17.3 103.8 107.2 145.8 62.9 445.6 0.3 4.7
n

Lin Rate N (1&4,2&5,3&6)

Quad Rate N (1&4,2&5,3&6)

N tjUWT

25 planting

65 planting

Significance

Interaction

N rate*N timing

NS

NS NS

' = Planting, emergence and hilling respectively.
1%, respectively.

n

++ NS NS NS NS NS

NS NS ++ NS NS NS NS

NS = Nonsignificant; ++, *, ** = significant at 10%, 5% and
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Table 5. Effect of nitrogen treatments on late harvest Norland nitrogen content, nitrogen concentration
and drv matter production. Becker, MEL, . —

1.

2.

3.

4.

5.

6.

Treatment

N total

165

205

245

165

205

245

N timing

(25,70,70)'
(25,90,90)

(25,110,110)

(65,50.50)

(65.70,70)

(65.90.90)

Significance
BLSD (0.05)

Contrasts

Lin Rate N (1, 2, 3)

Quad Rate N (1, 2, 3)
Lin Rate N (4, 5, 6)

Quad Rate N (4, 5, 6)

Main Effects

N rate

165

205

245

Significance

Contrasts

Lin Rate N (1&4.2&5.3&6)

Quad Rate N (1&4.2&5.3&6)

N timing

25 planting

65 planting

Significance

Interaction

N rate*N timing
1 = Planting, emergence and hilling respectively.

1%, respectively.

KHtrooen content

Vine

9.9

11.2

15.2

10.2

14.8

13.9

4.0

NS

Tuber

- lbs/A

115.9

124.8

128.1

110.4

125.2

128.2

NS

NS

NS
*

NS

Total

125.8

136.0

143.3

120.6

140.0

142.1

21.3

NS

NS

Drv matterN concentration

Vine Tuber

% N

1.441.86

1.88

2.37

2.05

2.31

2.20

NS

1.48

1.53

1.37

1.61

1.73

Vine

0.27

0.31

0.32

0.25

0.32

0.32

NS

Tuber

- Tons/A

4.02

4.21

4.19

4.05

3.90

3.71

NS

•U
Total

4.29

4.52

4.51

4.30

4.22

4.03

NS

0.24

NS NS NS NS NS

NS NS NS NS NS

NS
*• ++ NS NS

NS NS . NS NS NS

10.1 113.2 123.3 1.95 1.41 0.26 4.03 4.29

13.0 125.0 138.0 2.10 1.55 0.31 4.05 4.36

14.6 128.2 142.8 2.28 1.63 0.32 3.95 4.27

NS NS NS

** * ** NS ** * NS NS

NS NS NS NS NS NS NS NS

12.1 122.9 135.0 2.03 1.48 0.30 4.14 4.44 V_J
13.0 121.3 134.3 2.19 1.57 0.30 3.89 4.19

NS NS NS NS NS NS

NS NS NS NS NS NS NS NS

NS = Nonsignificant; ++, »* = significant at 10%, 5% and

U
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Table 6. Effect of nitrogen treatments on late harvest Norland nitrate-N concentration in potato petioles (dry
weight, basis) and nitrate concentration in petiole.sap - Becker...MM.

r\
Treatment

N total N timing

1. 165 (25,70,70)'
2. 205 (25,90,90)

3. 245 (25,110,110)

4. 165 (65,50,50)

5. 205 (65,70,70)

6. 245 (65,90,90)

Significance

BLSD (0.05)

Contrasts

Lin Rate N (1, 2, 3)

Quad Rate N (1, 2, 3)

Lin Rate N (4, 5, 6)

Quad Rate N (4, 5, 6)

Main Effects

N rate

165

205

245

r\

Significance

Contrasts

Lin Rate N (1&4,2&5,3&6)

Quad Rate N (1&4,2&5,3&6)

N timing

25 planting

65 planting

Significance

Interaction

N rate'N timing

JWlfi_24 Julv 1

dry weight sap dry weight sap

Petiole-N Horiba Petiole-N Horiba

19450 1275 16925 1425

21646 1375 24114 1825

21836 1400 25768 1925

18565 1250 15823 1400

21616 1350 24391 1725

24281 1400 25266 1875

** • * •* **

2702 88 2201 139

*•*•
** *• *•

NS NS
* *

* * ** ** **

NS

19008

21631

23059

NS

20978

21487

NS

NS

NS

1263

1363

1400

NS

1350

1333

NS

NS

NS

16374 1413

24253 1775

25518 1900

** **

** #

22269 1725

21827 1667

NS NS

NS NS

1 = Planting, emergence and hilling respectively.
1%, respectively.

NS = Nonsignificant; ++, ** = significant at 10%, 5% and

r)
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Table 6 (cont.). Effect of nitrogen treatments on late harvest Norland nitrate-N concentration in potato
- petioles (drv weight basis) and nitrate concentration in petiole sap - Becker.MN.

Treatment

N_£2£3i
165

N timing

1. (25,70,70)'
2. 205 (25,,90,90)

3. 245 (25,,110,110)

4. 165 (65,,50,50)

5. 205 (65,70.70)

6. 245 (65,,90,90)

Significance
BLSD (0.05)

Contrasts

Lin Rate N (1, 2, 3)

Quad Rate N (1, 2, 3)

Lin Rate N (4, 5, 6)

Quad Rate N (4, 5, 6)

JulY,.15 ,,, ...^VflUSj;. 5

dry weight sap dry weight sap

Petiole-N Horiba Petiole-N Horiba

4011 510 573 223

9139 1070 2032 368

13259 1425 4583 588

990 278 611 298

7734 923 3163 413

13372 1425 4412 523

** ** ++ *

3811 269 3931 238

** ** * **

NS NS NS NS

** ** * *

NS NS NS

Main Effects

N rate

165

205

245

2501

8437

13315

394

996

1425

Significance

Contrasts
2&S.3&6)

,2&5.3&6)

**

•*

NS

**

Lin Rate N (1&4,:

Quad Rate N (1&4,

**

NS

8803

7365

25 planting

65 planting

1002

875

Significance NS NS

Interaction

N rate'N timing NS NS

592 260

2598 • 390

4498 555

NS

2396

2729

NS

NS

*•

NS

392

411

NS

NS

<J

KJ

' = Planting, emergence and hilling respectively.
1%, respectively.

NS = Nonsignificant; = significant at 10%, 5% and

u
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EVALUATION OF"MEISTER" CONTROLLED RELEASE FERTILIZER FOR IRRIGATED POTATO PRODUCTION -19961

—^ Cart J. Rosen and Dave Birong*

ABSTRACT:Theeffect ofMeister controlled release nitrogen fertilizer onyield and quality ofirrigated Russet Burbank
potatoes was determined in a field study conducted at the Sand Plain Research Farm in Becker. Frve urea
treatments (125,165,205,245, and 285 to N/A) split applied atplanting, emergence, and hSIing were compared to
Meister nitrogen fertilizer applied at the same rates, but all applied in aband atplanting. Two post-hilling treatments
were also evaluated where 165 b Nwassplit applied as urea followed by80lbN/A post-hilling as urea-ammonium
nitrate ands 165b N/A wasbanded as Meister followed by80 toN/A post-hilling as urea-ammonium nitrate. At
equivalent Nrates, yields with the controlled release fertilizer were significantly higherjhan those with theurea
fertilizer. On average, hollow heart incidence was lower with the controlled release fertiOzerthan with urea. Post-
riling nitrogen applications did not significarrtry affect yieW but datend to Greater
Nrecovery in the tuberswas obtained with the Meister fertilizer comparedtourea Peticte nitrate-N was higherwith
urea treatments early in the season, but was lowertoward the end ofthe season compared tothe controlled release
nitrogen fertilizer source.

Controlled release fertilizers have been used in crop production tovarying degrees for marry yeare. These types o^
for nitrogen management since high rates of quick release fertilizer such as urea, ammonium sulfate, orammonium nitrate are susceptible to leaching.
Some ofthe drawbacks ofthe tradrrjonal controlled release fertilizers such assulfurcoated urea are the stow and unpredictable release rates. Some
studies with sulfurcoated urea have shown significant quantities remaining after the growing season. Meister (Chisso Ashai Co., Tokyo) is the trade
name of controlled release nitrogen fertffizers that are made of urea granules coated with polyolefin resin and talc. They have an analysis of 40-0-0.
The talc addition is used to control moisture permeability and the rate of dissolution, thus allowing the development of products with varying release
rates. The release dN from the poryolefinoaaiedfertto^ Most
of the nitrogen taken up by the potato cn^occure between 20 arrd 60 c^ alter emergence (atou^ It is critical,
lherefore,toraveNavaM)!eforiJptakeduringthistimepeito^ Nitrogen available too earty in the season may besubject to losses due to leaching
rains and lack of an established root system to take up the N. Fertilizer developed to release Nduring the periodof maximum uptake may bean
efficient method of applying Nfertifizer to improve yield and minimize nitrate tosses. The overall objective of this study was to determine the effects
ofa Meister controlled release Nfertilizer onpotato yield, quality, and Nuseefficiericy under irrigated cora^^

Materials and Methods

/-"The experiment wasconducted at Ihe Sand Rain Research Farm in Becker, Minnesota on aHubbard sandy loam following aprevious crop of rye.
Jelected soB chemical properties in the 0-6" depth were as follows: pH. 6.5; organic matter, 2.1%; Bray P1,51 ppm; and NH4OAc K, 142 ppm. An
average of 11 to nitrate-N was available in the top 2ft prior to planting. Russet Burbank was used as the test cultivar. Prior to planting, 200 lbs/A
0-0-22 and 200 bs/A 0-0-60 were broadcast and incorporated. At planting, phosphate (11-48-0) and potash fertilizer (0-0-60 and 0*22)were
banded 3inches to the side and 2inches below each tubertosuppV110bPPA200toK2Q/A,20bMg/A,and34bS/A. Six Ntreatments and
two Nsources were evaluated. The Nsources were urea (4WW) asthe ouick release fer^^ TheMefeter
fertfflzer (40-0-0) was amixturec^clay release (75%) a^ five of the sbc Ntreatments for both Nsources were:
125,165.205.245,285b N/A. At planting, 25b N/A of this Nrate was banded asMAP for all treatments. For urea, the remainingN was applied
in two appficattonsspieqiraily between emergence and hilling. For the Meister Nsource, the total Nrates applied were the same as fortheurea
treatmenteexcepttoataONwasrjarKx^atpla^ Twoaddrtional
treatments included the 165b N/Arate as described abovefor bothN sourcesplustwo40 bWArxx*hi!Irig spited
a total of 245 b N/A for each N source.

Treatments were replicated 4times in arandomized complete block design. Spacing was 10" in the row and 36" between rows. Each plotwas 4
rows wide and 20 feet in length. Russet Burbank cut "A" size seed potatoes were planted on Aprfl 22.1996. Admire was applied in furrow for
Colorado potato beetle control toall plots. For the urea treatments, emergence Nwas applied on May 23and hilling Nwas applied on June 11.
Petioles were sampled at two week intervals starting June 20. Half of the petioles collected were crushed toexpress the sap for quick nitrate
determination, and theremainder were dried for conventional nitrate determination, vines were killed September 9 and tubers were harvested
September 16. At each harvest, total yield, graded yield, tuber specifte gravity, and internal disoro^were recorded. Total dry matterand nitrogen
content ofvines and tubers were also determined tocalculate total nitrogen uptake fjy thecrap. Irrigation was provided according tothecheckbook
method. Rainfall and img^OT on a weeklybasis is provided in Figure 1.

Yield andQuality: Tuberandvineyield as affected pybothurea andcailrolied release fertffizeis is presented in Increasing rateof N as urea
from 120 to N/A to280 lb N/A had noeffect on total yield, but increased yield oftubers greater than 6 oz. Yield ofundersized tubers (< 6 oz)
decreasedwith increasingN rate. Tuber size seemed to beoptimized atthe 285 lb N/A rate. Atequivalent Nrates, post-hilling Nhad noeffect on
total yield, but tended toincreasethe yield oftubers in toegreaterthan12czcategoiyarriknobby tubers. Urea treatments had noeffect onspecific
gravity or hollow heart incidence. Vine yield increased with increasing Nrate.

r\

'Funding for this research wasprovided by Helena Chemical Co. andtheArea 2 Potato Research Council.
^Extension Soil Scientist andAssistant Scientist, resp«ctively.Dept of Sofl, Water, &C&nate.
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Increasing the rateof N as controlled releasefertilizer hadno effecton total yield but as withurea,the yield d tuberslarger than6 oz increased.
Simitarty, the yield d tubersless than6 oz decreasedwith increasing Nrate. The optimumN rateforcontroDed releasefertifizer was 205 toN/A.
Atequivalent N rates, post-hilling Nas urea-ammonium nitrate with banded controlled released fertilizer at planting hadnoeffectontotal yield •"••»
did increase yield oftubers in the3-6 ozcategoiy. vine yield increased with increasing Nrate. Controlled release Ntreatments had noeffe(J
specificgravity or hollowheart incidence.

Atequivalent Nrates, total tuberyields with controlled release fertilizer werehigherthanthosewith urea. Compared to urea, the controlled release
fertilizer also tended toincreaseyield inthegreaterthan 12oz and3-6ozcategories. Hollow heart incidence alsotendedto be tower with controlled
release fertilizer.

Nfftnqencorrtert. nitrogen con<3en^ Total diy matterproduction atharvestwas rmtsignificantry affected by
Ntreatment orNsource (Table 2). Diymatter praluctiondvinesat harvest increased wrto increasingN rate. Dry matter production oftubers was
slightly higher with Meister fertilizer compared tourea. Nitrogen concentrations invinesandtubers increased with increasing N rates for both N
sourceswith greater concentrations with Meister fertifizer compared tourea. Nitrogen contentd vines increased with increasing Nrate, butwasnd
affected byNsource. In corrfrastNcorrtertd tubers increased with increasing Nratearefwasalsohignerv^Meisterfertilizercamparedtourea.
Total N recovered inthe vines plustubers at harvest increased with increasing N rateswith higher recovery obtained with the Meister source
compared to urea. The Nrecovered inthe Meister treatments was 16to50b N/A higher thatrecowred bytheurea treatments. These results
suggest animproved N useefficiency with thecontrolled release fertilizer compared tourea. Atequivalent Nrates, post-hilling Napplications had
little effecton drymatterproduction orNcontentof vinesandtubers.

Petiole nitrate-N: Petiole nitrate-N ona sapanddry weight basis is presented inTable 3. Within eachNsource, petiole nitrate-N increased with
increasing N rate atall sampling dates. Theeffect ofNsource on petiole nitrate-N depended on sampling date andN rate. Earty intheseason,
petiole nitrate-N wasgenerally higherwith urea treatments, witii greatest dleierxx«between urea and Meister occurring atihe lower Niatesfe
lbN/A). ByJury 25, petiole nitrate-N waslower in all urea treatments compared tothe Meister treatments. These results areconsistent with the
release ratesd the fertitizer sources. That is the urea,a quick releasesource induced high petiole nitrate-N concentrations eartyinthe season
foOowedbyaratherfastclrcptoconcerrtialicnsty In contrast theMeister Nsource resulted1n tower petiotenarate-N levels earty inthe
season followed by a much slowerrated decfine.

The positive yield responses obtaiiedwilh the Meister fertiter are erKouragjng. This newtype dcontroDed release fertifizer may bean opttonthat
cai beused tontinfrrtze leaching drifcatedurr^ Before cJefinitive conclusions can bemade, further studies are needed
to evaluatethe effectd this fertilizer on yield and nitrate leaching insubsequent years.

u
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Figure 1. Rainfall and irrigation at Becker, MN during the 1996 growing season.

Table 1. Effect of nitrogen treatir.er.rr or. vine yield, and tuber yield and quality - 3ecker, MN.
Fresh weight Specific

<3 oz 3-5 oz 5-12 oz >12 oz Total
cwt/A

Hollow

Heart-%

incidence

26.4

34.8

25.0

22.5

30.8

8.3

16.7

15.3

23.2

19.4

15.3

15.5

+*

20.4

Trfv-irm"nr

N Source N Trmt N timing

Urea - Quick Release

2.

3.

4.

5.

6.

125

165

205

245

285

245

(25,50,50)'
(25,70,70)

(25,90,90)

(25,110,110)

(25,130,130)

(25,70,70)+802

. •_:".•-

Tens/A

3.69

6.31

6.82

8.40

11.81

9.10

3.01

6.16

7.61

8.44

9.60

7.95

• •

2.02

•Meister - Controlled Release

7. 125 (125,0,0):

8. 165 (165,0,0)

9. 205 (205,0,0)

10. 245 (245,0,0)

11. 285 (285,0,0)

12. 245 (165,0,0)+802

Significance

BLSD (0.05)

Main Effects

Pert Trrt

125

165

205

245

285

165+80J

Significance

3LSD (0.05)

Pert Source

Urea

Meister

Significance

Interaction

Fert Trmt'Fert Source

Contrasts

Lin Rate Urea (1, 2, 3, 4, 5)

Quad Rate Urea (1, 2, 3, 4, 5)
Post-hilling Urea (4) vs (6)
Lin Rate Meister (7, 8, 9, 10, 11)

vQuad Rate Meister (7, 8, 9, 10, 11)
Post-hilling Meister (10) vs (12)
Urea '1-6) vs Meister (7-12)

Knobs

14.5

14.5

8.8

28.0

24.8

19.0

30.6

16.7

26.2

24.0

18.7

NS

74.5

82.1

61.9

63.8

61.7

59.0

88.7

67.6

69.8

65.7

61.4

69.5

186.3

178.1

157.2

171.9

152.1

152.7

219.5

187.1

175.0

156.6

149.5

183.7

15.8 35.2

209.1

189.7

215.0

215.9

232.7

200.7

197.3

213.6

231.8

222.4

236.5

215.9

NS

42.3

52.8

91.0

68.1

93.3

96.7

50.1

69.0

90.9

105.8

110.1

86.7
**

35.4

527.7

517.2

539.6

528.5

567.8

533.9

574.6

567.9

584.2

576.7

581.5

574.5

NS

Gravity

1.0875

1.0895

1.0917

1.0908

1.0907

1.0901

1.0921

1.0911

1.0919

1.0899

1.0907

1.0896

NS

3.35

6.23

7.21

8.42

10.70

3.52

1.33

7.66

7.13

NS

NS

17.3

22.5

15.6

18.8

26.0

21.7

NS

18.1

22.5

NS

NS

81.6

74.9

65.8

64.9

61.5

64.3

202.9

182.6

166.1

163.2

150.8

168.2

10.3 22.9

67.3

70.5

NS

166.1

178.6

NS

203.2

201.6

223.4

219.6

234.6

208.3

++

29.3

210.3

219.6

NS

NS

46.2

60.9

90.9

89.7

101.7

91.7

22.9

74.3

85.5

NS

551.2

542.5

561.8

556.2

574.6

554.2

NS

536.1

576.7

NS

1.0898

1.0903

1.0918

1.0903

1.0907

1.0898

NS

1.0900

1.0909

NS

NS

21.5

25.1

24.1

20.7

23.0

11.9

NS

24.7

17.6

NS

* * NS ** * * #* NS NS NS

NS NS NS NS NS NS NS NS NS

NS ++ NS NS NS ++ NS NS NS

# * NS
** • ft * ** NS NS NS

♦+ NS NS NS NS NS MS NS MS

NS NS NS ++ NS NS NS NS NS

NS NS NS —*• NS * —
** NS *

= Planting, emergence and hilling respectively. : =Tm post-hilling applications at 40 pounds N/A
each. NS = Nonsignificant; ~. *. " = significant at 10%, 5% and 1%, respectively.
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Table 1. MN.Effect of nitrogen treatments on vine yield, tuber yield, and tuber quality - Becker,

TVaafinonl"

3-6. °z

Specific

£r£yj£v.

1.0875

Hollow

tonne ...H_timino

50,50)1

Vine

Tons/A

3.69

KQoJfiS <3 oz 6-12 oz >12 oz Total Heart-%f j
incidence1-—*

1. 125 (25, 15.5 74.5 186.3 209.1 42.3 527.7 26.4

2. 165 (25,70,70) 6.31 14.5 82.1 178.1 189.7 52.8 517.2 1.0895 34.8

3. 205 (25,90,90) 6.82 14.5 61.9 157.2 21S.0 91.0 539.6 1.0917 25.0

4. 245 (25,110,110) 8.40 8.8 63.8 171.9 215.9 68.1 528.5 1.090B 22.5

5. 285 (25, 130,130) 11.81 28.0 61.7 152.1 232.7 93.3 567.8 1.0907 30.8

6. 245 (25,70,70)+802 9.10 24.8 S9.0 152.7 200.7 96.7 533.9 1.0901 8.3

HsXsPiSZ-- Controlled Release

3.01 19.0 88.7 219.5 197.3 50.1 574.6 1.09217. 125 (125 ,0,0)1 16.7

8. 165 (165 ,0,0) 6.16 30.6 67.6 187.1 213.6 69.0 567.9 1.0911 15.3

9. 205 (205.0,0) 7.61 16.7 69.8 175.0 231.8 90.9 584.2 1.0919 23.2

10. 245 (245,0,0) 8.44 26.2 65.7 156.6 222.4 105.8 576.7 1.0899 19.4

11. 285 (285 ,0,0) 9.60 24.0 61.4 149.5 236.5 110.1 581.5 1.0907 15.3

12. 245 (165 ,0,0)+802 7.95 18.7 69.5 183.7 215.9 86.7 574.5 1.0896 15.5

Significance ** NS •* ** NS *« NS NS ++

BLSD (0.1D5) 2.02 ~ 15.8 35.2 — 35.4 -- —— 20.4

Main Effects

pertJPrmt

3.35 17.3 81.6 202.9 203.2 46.2 551.2 1.0898125 21.5

165 6.23 22.5 74.9 182.6 201.6 60.9 542.5 1.0903 25.1

205 7.21 15.6 65.8 166.1 223.4 90.9 561.8 1.0918 24.1

245 8.42 18.8 64.9 163.2 219.6 89.7 556.2 1.0903 20.7

285 10.70 26.0 61.5 150.8 234.6 101.J 574.6 1.0907 23.0

165+802 8.52 21.7 64.3 168.2 208.3 91.7 554.2 1.0898 11.9

Significance #* NS
** ** ♦+

** NS NS NS

BLSD (0.05) 1.38 — 10.3 22.9 29.3 22.9 "*~ ~~ ——

Pert Source

7.66 18.1 67.3 166.1 210.3 74.3 536.1 1.0900
urea

24.7 ^J
Meister 7.13 22.5 70.5 178.6 219.6 85.5 576.7 1.0909 17.6 s-'

Significance NS NS NS ++ NS ++ •* NS
*

Interaction

t Source NS NS ++ NS NS NS NS NS
Fert Trmt*Fer

NS

Contrasts

Lin Rate Urea (1, 2, 3, 4. 5)

Quad Rate Urea (1, 2, 3, 4, 5)
Post-hilling Urea (4) vs (6)
Lin Rate Meister (7, 8, 9, 10, 11)

Quad Rate Meister (7, 8, 9, 10, 11)
Post-hilling Meister (10) vs (12)
Urea (1-6) vs Meister (7-12)

• • NS" ** * * • * NS NS NS

NS NS NS NS NS NS NS NS NS

NS ++ NS NS NS ++ NS NS NS

** NS
#* #* * • • NS NS NS

++ NS NS NS NS NS NS NS NS

NS NS NS ++ NS NS NS NS NS

NS NS NS ++ NS +♦
** NS *

1= Planting, emergence and hilling respectively. J=Two post-hilling applications at 40 pounds N/A each. NS
= Nonsignificant; +♦, *, ** = significant at 10%, 5% and 1%, respectively.

U
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Table 2. Effect of nitrogen treatments on nitrogen content, nitrogen concentration, and dry matter production
of vines and tubers - Becker, MM.

Treatment Nitrnoen content N concentration

Vine Tu&er.

Drv matter

Vine. Tuber T££al Vine Tuber Total

N Source meant
125

N timina

14.1

- lbs/A -

123.5 137.6

%

0.92

N

0.96 0.77

- Tons/A

6.42
1. (25,50, 50)l 7.19

2. 165 (25,70,70) 21.4 139.2 160.6 1.18 1.13 0.94 6.15 7.09

3. 205 (25,90, 90) 21.3 139.4 160.7 1.34 1.11 0.79 6.33 7.12

4. 245 (25,110,110) 34.1 148.4 182.5 1.49 1.23 1.21 6.45 7.66

5. 285 (25,130,130) 35.5 170.2 205.7 1.51 1.32 1.18 6.49 7.67

6. 245 (25,70,70)+80J 40.1 152.6 192.7 1.85 1.19 1.08 6.42 7.50

Meister •- controlled Release

7. 125 (125,0,,0)1 15.2 138.3 153.5 1.08 1.03 0.70 6.70 7.40

8. 165 (165,0,,0) 23.1 157.9 181.0 1.33 1.25 0.87 6.38 7.25

9. 205 (205,0,,0) 28.1 182.3 210.4 1.62 1.35 0.87 6.78 7.65

10. 245 (245,0,,0) 41.6 175.9 217.5 1.88 1.28 1.11 6.91 8.02

11. 285 (285,0,,0) 43.0 194.2 237.2 2.02 1.47 1.10 6.60 7.70

12. 245 (165,0,,0)+80J 33.8 172.3 206.1 1.74 1.30 0.97 6.64 7.61

Significance
** ** ** ** •* * NS NS

BLSD (O.i05) 10.3 20.0 21.1 0.43 0.17 0.35 —*"

""

Main Effects

Pert Trmt

rs 125 14.6 130.9 145.5 1.00 1.00 0.74 6.56 7.30

165 22.2 148.5 170.7 1.26 1.19 0.90 6.26 7.16

205 24.7 160.8 185.5 1.48 1.23 0.83 6.56 7.39

245 37.8 162.2 200.0 1.68 1.25 1.15 6.71 7.86

285 39.3 182.2 221.5 1.77 1.40 1.14 6.55 7.69

165+80* 37.0 162.4 199.4 1.79 1.24 1.02 6.53 7.55

Significance ** ** ** ** ** ** NS NS

BLSD (0.05) 7.0 13.9 14.7 0.29 0.11 0.21 ——

27.8 145.5 173.3 1.38 1.16 0.99 6.37
Urea

7.36

Meister 30.8 170.1 200.9 1.61 1.28 0.94 6.67 7.61

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

Interactio n

Fert Trmt*Fert Source NS NS NS NS NS NS NS NS

Contrasts
Lin Rate Urea (1, 2, 3, 4, 5)

Quad Rate Urea (1, 2, 3, 4, 5)
Post-hilling Urea (4) vs (6)
Lin Rate Meister (7, 8. 9, 10, 11)

Quad Rate Meister (7, 8, 9, 10. 11)
Post-hilling Meister (10) vs (12)
Urea (1-6) vs Meister (7-12)

** ** **

NS NS NS

NS NS NS

#* • * **

NS NS NS

NS NS NS

NS ** • *

** • *

NS NS

•M- NS

** **

NS NS

NS NS

** NS NS

NS NS NS

NS NS NS

** NS NS

NS NS NS

NS NS NS

NS ++ NS

1= Planting, emergence and hilling respectively. '=Two post-hilling applications at 40 pounds N/A each. NS
= Nonsignificant; ++, *, ** = significant at 10%, 5% and 1%, respectively.

n
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Table 3. Effect of nitrogen treatments on Russet Burbank nitrate-N concentration in potato petioles (dry
weight basis) and nitrate concentration in petiole sap - Becker,, MN.

I ,
_ . _

Treatment

June 20 Julv 1 Julv IS

dry weight
Petiole-N

sap

Horiba .

dry weight

fifitigle-N

sap

Horifca
dry weight
Petiole-N

sap

N Source H_Trjn£ N timina Horiba.
Urea - Ouj.c* aeiease

1. 125 (25,50, SO)1 23578 1725 12216 1325 3490 695

2. 165 (25.70,70) 24507 1750 17697 1725 4174 858

3. 205 (25,90,90) 25364 1825 21966 1850 6215 1085

4. 245 (25,110,110) 23631 1750 24661 1925 13008 1525

5. 285 (25,130,130) 25106 1800 26293 1975 15153 1700

6. 245 (25,70,70)+802 24323 1775 23350 1975 17885 1925

Meister •-_Controlled Release

7. 125 (125,0,0)1 17271 1400 8355 1100 796 413

8. 165 (165.0,0) 19623 1575 12770 1375 4524 862

9. 205 (205,0.0) 20612 1625 14307 1550 6967 1200

10. 245 (245,0,0) 23851 1700 17501 1725 8006 1275

11. 285 (285,0,0) 24204 1775 20965 1850 14708 1725

12. 245 (165,0,0)+802 17902 1500 11614 1225 11794 1500

Significance #* ## ** ** *-* **

BLSD (0.05) 2159 91 1948 95 3707 262

Main Effects
Fert Trmt

125 20425 1563 10286 1213 2143 554

165 22065 1663 15233 1550 4349 860

205 22988 1725 18137 1700 6591 1143

245 23741 1725 21081 1825 10507 1400

285 24655 1788 23629 1913 14931 1713,

165+80* 21113 1638 17482 1600 14840 1713 V—-

Significance »» ** ** ** * *

BLSD (0.05) 1576 65 1375 67 2570 182

Ferf Source

24418 1771 21031 1796 9987Urea 1298

Meister 20577 1596 14252 1471 7799 1163

Significance W* ** ** ** ** **

Interaction

Fert Trmt*Fert Source ** ** ** ** ++ ++

Contrasts

Lin Rate Urea (1, 2, 3, 4, 5) NS NS

Quad Rate Urea (1, 2, 3, 4, 5) NS NS

Post-hilling Urea (4) vs (6) NS NS
Lin Rate Meister (7, 8, 9, 10, 11) ** ••

Quad Rate Meister (7, 8, 9, 10, 11) NS NS

Post-hilling Meister (10) vs (12) ** **
Urea (1-6) vs Meister (7-12) ** *•

**

NS

**

NS

**

**

**

NS

**

**

NS

*

**

NS

NS

**

**

NS

NS

1 o planting, emergence and hilling respectively. 2 = Two post-hilling applications at 40 pounds N/A each. NS
= Nonsignificant; ++, *, *• = significant at 10%, 5% and 1%, respectively.

U
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Table 3 cont. Effect of nitrogen treatments on Russet Burbank nitrate-N concentration in potato petioles (dry
weight basis) and nitrate concentration in petiole sap - Becker MN.

r\

Treatment

N Source NTrmt

lick Relei

N timina

Urea, - Qy *se

1. 125 {25,50.50)'

2. 165 (25,70,70)

3. 205 (25,90,90)

4. 245 (25,110,110)

5. 285 (25,130,130)

6. 245 (25,70,70)+80J

Meister --., .Controlled Release

7. 125 (125,0,0)1

8. 165 (165,0,0)

9. 205 (205,0,0)

10. 245 (245,0,0)

11. 285 (285,0,0)

12. 245 (165,0,0)+802

Significance

BLSD (0.05)

mto Efifect
£er£.Trmt

125

165

205

245

285

> 165+802

Significance

BLSD (0.05)

Fert Source

Urea

Meister

Significance
Interaction

Fert Trmt*Fert Source

n

Contrasts

Lin Rate Urea (1, 2, 3, 4, 5)

Quad Rate Urea (1, 2, 3, 4, 5}

Post-hilling Urea (4) vs (6)

Lin Rate Meister (7, 8, 9, 10, 11)

Quad Rate Meister (7, 8, 9, 10, 11)

Post-hilling Meister (10) vs (12)

Urea (1-6) vs Meister (7-12)

Julv 25 Auoust 9

dry weight sap dry weight sap

Petiole-N Horiba Petfole-N Horiba

614 305 489 158

1381 498 840 193

3516 773 2046 235

6509 1023 3662 405

9266 1250 5106 660

13606 1575 5747 650

1229 370 108 188

2319 683 1653 225

7235 1090 . 3279 465

8614 1295 4889 748

12372 1625 8504 1023

13923 1650 7656 950

2683 249 2442 235

922 338 298 173

1850 590 1247 209

5375 931 2663 350

7562 1159 4275 576

10819 1438 6805 841

13765 1613 6701 800
** ** * **

1872 174 1672 163

5816 904 2982 383

7615 1119 4348 600

NS NS NS NS

** ** ** **

NS NS NS ++

** ** ++ ++

#* ** »* • *

NS NS NS NS

1 = Planting, emergence and hilling respectively. 2= Two post-hilling applications at 40 pounds N/A each. NS
= Nonsignificant,- ++, *, ** = significant at 10%, 5% and 1%, respectively.

r^
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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.
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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
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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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Morito
CTIa-.

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).

U' P.M. Porter(assistant professor- Department ofAgronomy and PlantGenetics), CA Perillo (assistant scientist), S.R.
Quiring (seniorplottechnician) are locatedat the Southwest Experiment Station, Lamberton, MN 56152. R.K. Crookston
(professor), Dep. of Agronomy and Plant Genetics.
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Each of the four plots produced the greatest soybean yield compared to the other three plots at least one season during the 10-year
period (Table 2). Likewise, each of the four plots produced the lowest soybean yield compared to the other three plots within at

^"^east one season during the 10-year period. Over the 10-year period, the range in soybean yield among the four plots (plot range)
expressed as a percentage of the plotaverage averaged 17%. The range in soybean yield expressed as a percentage of the plot
average was as low as 6% in 1991 and as high as 28% in 1988. The range in soybean yield expressed as a percentage of the plot
average was greater than 10% in 9 of 10 growing seasons, and greater than 25% in 4 of 10 growing seasons studied. As with com,
the plot range was large compared to the plot average in 1986, when yields were depressed due to hot. dry growing conditions.
The range in soybean yield for each of the four plots across the 10-year period (10-year range) expressed as a percentage of the
10-yearaverage was greaterthan 50% forall plots. Over the 10-yearperiod, seasonal variability in soybean yieldwas 2.8 times
that of plot variability (7.6 vs. 2.8 bu/acre).

Conclusions

These results suggest the importance of taking great care when interpreting yield maps. Forboth com and soybean, a yield range
between the highest and lowest yielding plotof more than 25% of the four-plot average occurred in4 out of 10 of the growing
seasons, butwhen averagedover 10-years,there was no significant yielddifference between the four com plotsor between the
four soybean plots.

Year-to-year yield variability was approximately three times greater for bothcom and soybeanthan plot-to-plot yield variability. The
10-year time frame this study encompassed included two relative harsh growing seasons (1988 which was hotand dry, and 1993
whichwas cool and wet). These growing seasons should not be considered anomalies,as harsh climatic conditionsresulting in
poor crop production do occur regularly.

Basingyield predictions on individual year data would result inquitedifferent and perhaps erroneousconclusions than if yield
predictions were based on longer-term (10 year)averages. Emphasizing yieldmap variability observed in relatively uniform fields
during poor growing seasons (when the plot range was very large compared to the four-plot average) is especially risky, and may
lead to erroneous conclusions. These results underscore the necessity of in-season field observations to aid yield map
interpretation, especially when relatively large yield variations occurduring poorgrowing seasons.

O
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Table 1. Continuous com yields from four plots over a 10-year period from 1986 through 1995 at Lamberton.

Plot 1986 1987 1968 1989 1990 1991 1992 1993 1994 1995

10-yr
avg.

10-yr
range

10-yr
std. dev.

Avg.
across

years

— bu/acre

Lamberton

1 138 120 63 141 125 117 127 63 110 125 113 78 27.8

2 155 129 91 146 137 112 138 43 98 116 117 112 33.0

3 139 128 104 144 140 112 101 69 108 127 117 75 23.2

4 128 134 78 141 134 102 121 57 129 105 113
118

65 27,5
Plot avg. 140 128 84 143 134 111 122 58 111

Plot range 27* 14' 41" 6 15' 16' 36" 26" 31" 22' 23.2'
Plot std. dev. 11.2 5.9 17.4 2.6 6.3 6.6 15.2 11.0

Avg
12.6 9.9

. across plots: 115 87 27.9

9.9

'," Range incom yield exceeded 10 and 25%of the plot average, respectively.

Table 2. Continuous soybean yields from four plots over a 10-year period from 1986 through 1995 at Lamberton.

Plot 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995
10-yr
avg.

10-yr
range

10-yr
std. dev.

Avg.
across

years

Lamberton

—T —- uuraui
i

1 35.9 44.6 26.3 30.2 41.2 44.1 25.2 33.1 33.1 38.8 35.3 19.4 6.9

2 34.6 42.3 24.4 26.1 40.6 40.8 24.7 26.0 41.9 43.8 34.5 19.4 8.3

3 38.8 38.9 28.5 26.2 38.6 46.9 20.4 28.4 42.8 40.9 35.0 26.5 8.5

4 40.3 39.9 32.1 28.5 40.3 45.8 27.1 26.0 33,1 40.4 35.4

41.0

19.8 6.8

Plot avg. 37.4 41.4 27.8 27.8 40.2 44.4 24.4 28.4 37.7

Plot range 5.7' 5.7' 7.7" 4.1' 2.6 6.1' 6.8" 7.1" 9.7" 4.9' 6.0'

Plot std. dev. 2.6 2.6 3.3 2.0 1.1 2.6 2.9 3.3

Avg
5.4

. across

2.1

plots: 35.0 21.2 7.6

2.8

' Range insoybean yield exceeded 10 and 25%of the plot average, respectively.

c c
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ORGANIC CROP ROTATION STUDY AT LAMBERTON -1996

^-v P.M. Porter, CA Perillo, D.R. Huggins and S.R. Quiring'

Abstract

The 1996 growing seasonmarked theeighth year oftheongoing Organic Rotation Study at Lamberton. The purpose of
the experiment istoevaluate both the effect of manure application (versus no added fertility) and theeffect of cropping sequence
on crop yield —emphasizing com yield but also evaluating yield of soybean, oat, and alfalfa. Manure application in the organically
managed study employing no herbicides or synthetic fertilizer increased com yields for all rotation lengths (continuous, 2-, 3-, and 4
year rotations). Com yields in the manured and non-manured treatments averaged over all rotation lengths were 155 and 69
bushels acre-'-.respectively. Length of rotation had no effect on com yields in the manured treatments, but impacted yields in the
non-manured treatments with continuous com yielding less than com in 2-,3-, and 4-year rotations. Soybean yields in themanured
and non-manured treatments averaged 37.7 and 33.5 bushels acre-'-.respectively. For soybeans, highest yields were obtained with
the 4-year rotation compared to the 2- and 3-year rotations, with the increase especially pronounced in the manured treatments.
Oatyields were unaffected byrotation length ormanure application.

Introduction

This on-going study evaluates various crop rotations managed organically under both high and low fertility levels. The crop
rotations include i) continuous com, ii) a 2-year com-soybean rotation, iii) a 3-year corn-soybean-oat rotation, and iv) a 4-year com-
soybean-oat-alfalfa rotation. The site of the study (Elwell Agroecology Farm on the Southwest Experiment Station) had a 30+ year
history of no synthetic fertilizer use and minimal pesticide use. The study began in 1990. and atthat time the Bray 1phosphorus
level was 10 ppm and the potassium level was 171 ppm. All the crop rotations have been grown both with and without poultry
manure applications. There were no chemical weed control practices used, only mechanical weed control methods. The 1996 yield
results are reported here. Previous results were presented in earlier editions of this publication.

Experimental Procedure

The study involved a randomized complete block design with a split-plot arrangement and 4replicates. Rotation length was the
main plot variable, and fertility management was the sub-plot variable. Main plot size was 60 ft by 155 ft, and sub-plot size was 30
ft by 155 ft. The composted poultry manure rate was based on the soil test results from the previous fall sampling and University of

/^"Nwiinnesota Extension recommendations. The rate used was expected to meet the crop requirement of the most limiting nutrient (P
or N). The manure was broadcast and incorporated prior to secondary tillage in the spring (Table 1). Soil samples for phosphorus
and potassium were taken on Nov. 21 to a depth of 1ft with 8composite cores per sub-plot. Soil nitrate samples were taken on
Nov. 16 in 1 ftincrements to a depthof5 ftwith 2 composite cores per sub-plot.

After oatand oat/alfalfa treatments were planted, theplots were harrowed and packed in an effort to increase weed control and
improve soil to seed contact. Com and soybean plots were rotary-hoed and cultivated in an effort to control weeds. Tillage and
rotary hoeing in like crops in all rotations were treated the same, but row-cultivation in com varied depending on fertility level. As in
thepast,all plots except thosewith oatsunder-seeded with alfalfa were moldboard plowed in thefall.

Total weedcounts weretakeninall butthe alfalfa plots. All weed specieswere identified andcounted ineachsample. In comand
soybean two samples 4-ft long and 5-ft wide were collected for grassy weeds, and onesample 145 ft by5 ft wascollected for
broadleaf weeds. Inoats and alfalfa three 1-ftsquares per plot werecollected forbothgrassy and broadleaf weeds.

Results and Discussion

In 1996, comyields wereincreased with the addition ofmanure: manured andnon-manured treatments averaged 154and69
bushels acre', respectively (Table 2). Length ofrotation hadnoeffect oncomyields inthe manured treatments, butimpacted
yields inthe non-manured treatments. Without manure, the continuous com yield substantially less than com inthe 2-, and 3-year
rotations, which in turn yielded less than com in the 4-yr rotation.

Soybeanyieldswere significantly impacted (P=0.06) by manureapplication, with the manuredtreatments yielding 37.8 bushels acre"
' and the unfertilized treatments yielding 33.5 bushels acre"'. These results are the opposite ofwhat was observed in 1994 and
1995, where the manured treatments yieldedless than the unfertilized treatments. Betterweed controlwas obtained in 1996
compared with the previous years, and may have contributed to these results. Soybean yieldswere not significantly impacted
(P=0.13) by rotation length, however,there was a trend towardgreater yields in the 4-year rotation compared withthe 2-year
rotation.

Oat yields wereunaffected by rotation length butincreasedwith manureapplication (75.2vs 45.5 bushelsacre'1 forthe fertilized
—*and unfertilized treatments, respectively). The manured alfalfa treatments yielded more than the unfertilized treatments (5.33 vs.

( i3.02 tons acre"', respectively.

' P.M. Porter (assist, prof. • Dept.Agronomy and PlantGenetics),CA. Perillo (assist, scientist),D.R. Huggins (assist, prof.
- Dept. Soil, Water, and Climate), and S.R. Quiring (senior plot tech.), located at the Southwest Experiment Station, Lamberton, MN.
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Table 1. 1996 management information for the organic crop rotation study at Lamberton.

Rotation Spring tillage Seed, rate, Rotary -Cultivation Fertilizer ^^
rates and datefiand dates and planting date* hoeing dates dates

Continuous com Field cultivator Pioneer P3769 5/29 6/13

5/18 (twice) 33000 seeds acre'1 5/30 6/27 354-240-282

5/18 6/03 on 5/18
Com-soybean Field cultivator Pioneer P3769 5/29 6/13

5718 (twice) 33000 seeds acre'1 5/30 6/27 354-240-282

5/18 6/03 on 5/18

C_om-soybean-oats Field cultivator Pioneer P3769 5/29 6/13

5/18 (twice) 33000 seeds acre*' 5/30 6/27 354-240-282

5/18 6/03 on 5718

Cj2m-soybean-oats-alfalfa Field cultivator Pioneer P3769 5/29 6/13

5/18 (twice) 33000 seeds acre'1 5/30 6/27 69-47-55

5/18 5/18 6/03 on 5718

Com-Sflybjaj} Field cultivator Parker 6/03 6/27

5722 150,000 seeds acre'1 6/11 0-0-0*
5729 5/30

Corn-soybean-oats Field cultivator Parker 6/03 6/27

5722 150000 seeds acre'1 6/11 17-12-14

5/29 5/30 on 5721

Com-5.Qyj3£an-oats-alfalfa Field cultivator Parker 6/03 6/27

5/22 150,000 seeds acre'' 6/11 38-26-30

5/29 5/30 on 5721

Corn-soybean-oats Field cultivator 4/26 Dane none none

harrow / packer 4/27 85 lbs acre"' 63-43-51

4/26 . on 4/26

Com-soybean-sals-aJJalfa Field cultivator4/26 Dane and Pioneer P5262 none none

harrow/packer 4/27 85and12lbs acre*'
4/26 and 4/26

63-43-51

on 4/26

Com-soybean-oats-ajjajfa none Planted previous year none none 73-50-59 /-v
on 8/02 ' ^

1Hybrid orvariety is listed, followed by seeding rate inseeds acre*' and planting date.
*354-240-282 was inadvertentlyapplied to one plot(not includedin yield results).

Table 2. Rotation length and fertility effects on com, soybean, oatsandalfalfa yields inan organically-managed studyat
Lamberton, 1996.

With Without With Without

Rotation manure manure Rotation manure manure

Com Yield —bushels acre-' —
Continuous com 164.4 47.6 c

Com-soybean 148.1 65.3 b OaiyJeM — bushels acre"' —

Com-soybean-oats 158.5 70.4 b Oats-corn-soybean 77.2 49.3

Com-soybean-oats-alfalfa 147.3 91.9 a Oats-atfalfa-com-soybean 73.2 41.6

Mean 154.6 68.8 Mean 752 45.5

CV (%) 10.7 CV(%) 14.4

Pr>F (Fert 0.01. Rot 0.14, FXR 0.01) Pn»F (Fert 0.01, Rot 0.23, FXR 0.68)

LSD,,.*, 16.4 16.4 LSD(MS)_ NS NS

Sovbean vield —bushels acre'1 —
Soybean-corn 34.3 32.8

Soybean-oats-corn 37.3 32.3 Alfalf? Yield — ton acre*' —

Soybean-oats-alfalfa-corn 41.9 35.4

33.5

Alfalfa-com-soybean-oats 5.33 a 3.02 b

Mean 37.8 Withi vs. without manure

CV (%) 13.7 CV (%) 14.4

Pr> F (Fert 0.06, Rot 0.13. FXR 0.59) Pr>F 0.01 ^
LSD^ NS NS LSD^os, 1.36
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ANHYDROUSAMMONIA • KNIFE SPACING STUDY'

S.D. Evans and G.A. Nelson2

Abstract

This is the last year of a 3year study initiated in Morris. MN in 1994 and repeated in 1995 and1996 tostudy the
effects of nitrogen application ongrain yield at2 anhydrous ammonia applicator knife spacings. Nitrogen was
sidedressed at 0,36.72.108.and 144 lb/A using 30- and 60-inch applicator knife spacings. In 1994 and1995
there was an increase in grain yield up to 72 lb N/A and in 1996 there was anincrease in grain yield upto108 lb
N/A buttherewas nodifference ingrain yield dueto knife spacing inanyofthe years.

Objectives

Anhydrous ammonia is the dominant source of inorganic nitrogen used in com production. Normally anhydrous ammonia is injected
into the soil through knives that run 6to 10 inches deep. Horse-power requirements and fuel consumption are high during this
process. It would be advantageous to space anhydrous ammonia knives 60 inches apart. rattier than the conventional 30-inch
spacing, to reduce horse-power and fuel requirements during the anhydrous ammonia application process. At the 60-inch spacing
no ammonia is applied in the tractor wheel tracks. This study was designed to evaluate com grain yield response due to spacing of
anhydrous ammonia applicator knives at 30-inch intervals versus 60-inch intervals. The anhydrous ammonia was applied sidedress
at the V5 stage ofcom with a conventional ammonia applicator.

Experimental Procedures

The experiment was established on Nutley clay soils in 1994 and 1996 and on a Nutley clay/Rom loam complex in 1995. Each year
the experimental design was a randomized complete block with 4replications. The experimental sites were seeded to oats the year
before the study, had no nitrogen applied, and were fall chisel plowed. Soil tests taken the fall before the study year indicated high
Pand Klevels, (data not shown). Nitrate-N soil tests. 0-2 foot, taken the fall before the study year showed concentrations of 18 lb/A
in 1994.22 lb/A in 1995. and 28 lb/A in 1996. The 1994-96 individual plots were 6 rows (15ft) wide and 45feet long. The
experimental site was field cultivated for seedbed preparation each year and seeded to Ciba Geigy 4172 com in 1994 and 1995 and
DeKalb 442 com in 1996 at30,100 seeds per acre. A6-row J.D. Maxemerge planter was used for seeding. Grass control was

('""•^achieved with pre-emergence applications of Alachlor @3.0 lb/A a.i. or Metolachlor ©3.0 lb/A a.i. Broadleaf weeds were
controlled with post-emergence applications of Bentazon @0.75 lb/A a.i. or Halosulfuron-methyl ©0.047 lb/A a.i. Each year the
study was row cultivated prior to nitrogen application. Anhydrous ammonia was sidedress applied on June 8,1994, June 21,1995,
and June 26.1996. Com was in the V5 stage. 4-5 collars visible atthe time of nitrogen applications. Nitrogen was applied at rates
of 36.72.108. and 144 lb/A at30- and 60-inch knife spacings. Acheck treatment was also included by running knives at30- and
60-inch spacings through the check plots without applying any nitrogen. Soil conditions were dry atammonia sidedress application
in 1994 with rain 1week after application, wet soil conditions were prevalent in 1995 with frequent rains before and after ammonia
application, and in 1996 soil conditions were dry before ammonia application with rain 11/2 weeks after application. Growing
season rainfall was 17.51 inches,20.70inches, and 11.69inchesfor1994,1995,and 1996,respectively, comparedto an average
of 15.71 inches. The study was harvested with a plot combine each fall. Grain yield, grain moisture, date of tasseling, and date of
silking were recorded.

Results

There were significant differences in grain yield duetonitrogen rate (Table 1)in all years. Grain yield wasmaximized at72 Ib/N in
1994 and 1995. and at 108 Ib/N in 1996. Grain moistureat harvest was variablebut generallythe highest at the 0 Ib/N treatment,
(datanotshown). Tasseling and silking werethe latestforthe 0 Ib/N treatment inall yearsofthestudy(data notshown). There
were no significant effectson grain yield, grainmoisture, tasseling, or silking due to knife spacinginany year. The knife spacingx
nitrogen rate interaction was notsignificant in 1994.butwas significant in 1995and 1996. Examination of the 1995and 1996data
indicatesthat most of the effectsfrom the knife spacing by nitrogen rate interactions were attributed to nitrogen rate. Three years of
results show no differences ingrainyield between 30- and 60-inch anhydrousammonia knife applicator spacings at sidedress.

r\

1Funding provided bytheWestCent Expt. Sta., Univ. of Minnesota.
: Professor (retired) and Assistant Scientist, West Cent. Expt Sta., Univ. of Minnesota
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Table 1. Effect of applicator knife spacing on com grain yield. Morris 1994.1995. and 1998.

Nitrogen Knife 1994 1995 1996 1994-96

Rate Spacing Grain Yield Grain Yield Grain yield Average Grain yield

-lb/A- -inches- -bu/A- -bu/A- •bu/A- -bu/A-

0 30 80.5 103.6 82.5 88.9

36 30 106.9 115.7 101.1 107.9

72 30 150.3 162.6 131.7 148.2

108 30 142.7 162.8 147.1 150.9

144 30 159.3 163.2 155.0 159.2

0 60 80.5 89.5 91.9 87.3

36 60 113.5 139.0 126.0 126.2

72 60 148.9 155.7 147.8 150.8

108 60 153.3 158.7 146.5 152.8

144 60 159.8 162.4 144.7 155.6

Nitrogen Rate
Sig. Level (%)

BLSD (.05)
99

20.5 bu

99

7.6 bu

99

9.4 bu

Knife Spacing
Siq. Level (%) 34 12 84

N Rate x Knife

Spacing
Siq. Level (%) 2 99 98

CV. (%) 16.7 5.8 7.9

u

o

u
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SOUTHERN EXPERIMENT STATION

35838 120th STREET

WASECA, MINNESOTA 56093-4521

WEATHER DATA -1996

Period

Precipitation Avg. Air Temp. Growing De

1996

gree Units

Month 1996 Normal!' 1996 Normal^' Normal!'

inches • °F

January 1 -31 3.26 0.98 7.4 10.2

February 1 -28 0.14 0.97 16.3 16.1

March 1 -31 3.29 2.28 24.1 29.1

April 1 -30 1.11 2.97 41.2 43.1

May 1 - 10

11 -20

21 -31

Total

1.56

1.08

0.78

3.42 3.65

48.0

57.1

56.6

53.9 57.7

32.0

95.0

86.5

213.5 327

June 1-10

11-20

21 -30

Total

1.10

3.77

0.58

5.45 4.11

60.8

71.7

74.7

69.1 67.1

110.5

208.5

232.5

551.5 515

July 1 -10

11-20

21 -31

Total

0.65

0.33

0.82

1.80 4.21

69.8

70.5

66.0

68.7 71.3

199.0

201.5

176.5

577.0 646

August 1-10

11 -20

21 -31

Total

2.64

1.00

3.45

7.09 4.20

70.6

67.1

68.0

68.5 68.4

204.0

170.5

197.5

572.0 567

September 1 -30 1.81 3.56 60.0 59.9 229.0 316

October 1-31 2.90 2.45 49.2 47.9 - 31

November 1-30 4.16 1.72 24.3 32.3

December 1-31 1.93 1.35 12.2 16.2

Year Jan-Dec 36.36 32.45 41.3 43.4 2143.0*' 2402

Growing
Season May-Sep 19.57 19.73 64.0 64.9 2143.0 2371

- 30-year normal from 1961 -1990.
2' 50 to 86° Fbase. May 1 until first fall frost.

Notes:

1) Highest 24-hour precipitation on August 26 - - - 2.75"
2) Growing degree units 10% below normal for season.
3) Highest temperature on June 29 — 96F.
4) Last spring frost — May 13.
5) First fall frost — September 14.
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NUTRIENT LOSSES TO TILE LINES AS INFLUENCED BY SOURCE OF N

Waseca, 1996 ,^-v

T.K. Iragavarapu, G.W. Randall, and M.A. Schmittt

ABSTRACT:A study was started in 1994 to compare the effects of liquid dairy manure and urea
applied at similar N rates on N and P movement in the soil and into tile lines and com production.
Com yields and N uptake were significantly greater for the urea treatment compared to the dairy
manuretreatment. Nitrogen sourcehad no effect on tile flow, NO,-N concentration and loss in tils
water, and NO,-N content inthe 0-5' profile in the fall. Out of the 36 tile water samples analyzed,
ortho-phosphate was deteoted in20 samples(55%) whiletotalPwas detected in 35 samples (97%).
Averagetotal Pconcentrations 10.03mg/L) were identical between manureand urea.Ammonium-N
was detected in three of the four samples analyzed from each of the treatments and the NH4-N
concentration did not differ between the two N sources. Coliform bacteria was not detected in any
of the six water samples analyzed from the dairy manure treatment. Nitrate-N concentrations in
porous suction cup samplers tended to be greater in the urea fertilized plotscompared to the dairy
manure applied plotsat the 4 ft depth whereas at the 6 ft depth, therewas no clear trend. Nitrate-N
concentrations were low (< 6 mg/L) at the 8 ft depth and were aimilar between the two treatments.
Water was found in only 12 of the 40 possible piezometers at the 4 ft depth whereas at the 6 and
8 ft depths 28 and 26, respectively, of the piezometers had water. All the samples analyzed from
the 4 ft. depth haddetectable amountsof NOa-N while78 and 27% of the watersamples from the
6 and 8 ft depths, respectively, had detectable amounts of NOa-N. Soil test P and K values were
greater for the dairy manure applied plots comparedto the urea treated plots.

Nitrogen losses to tile lines have been documented in a number of research studies including some conducted at
Lamberton andWaseca, Minnesota. These studies primarily showed that Nlosses wsre a function of the Napplication
rate andamountof precipitation. Timeof application andcropgrown havealsobeanshown to influence N03-N loss
to tile lines. However, little information is available on N losses to tile lines when different sources of N are applied.
The purpose of thisstudy was to determine the effect of liquid dairy manure compared to urea on N and Pmovement
in the soil and into tile lines and on com production.

EXPERIMENTAL PROCEDURES

A study was initiated in 1975on aWebsterclayloam at Waseca to monitor the movementof Ninto tile lines installed
in plots measuring 45' x 50'. Each plotis enclosed with plastic sheeting to a 6-ft depth. Comwas grown from 1975-
1981 with varying ratesof fertilizer N. In the fall of 1981, the plot area was converted to a new study where two
tillage treatments (fall moldboard plowing and no-tillage) were replicated four times. Com was grown from 1982
through 1992 and was fertilized at an annual application rate of 180 lb N/A. In the fall of 1992, all 8 plots were
moldboard plowed and com was grown in the residual year (1993).

In the fall of 1993, the same 8 plots used in the previous study were converted to dairy manure and urea treatments.
Liquid dairy manure was broadcast-applied on November 10, 1995 at a rate of 9000 gal/acre and the plots were
moldboard plowed immediately. On April 26. 1996,urea was broadcast-applied by hand to 4 plots at a rate of 135
lb N/A before field cultivation. The nitrogen rate was selected to match the amount of N "available" from the manure
based on calculations from the manureanalysis (Table 1). "Available" N was calculated basedon the assumptionthat
90% of the emmonium-N (66 lb) and 25% of the organic N (86 x 0.25 «= 22 lb) plus 15% of the total N of the manure
that was applied in the fall of 1994 (257 x 0.15 = 39 lb) and 5% of the total Nof the manure applied inthe fall of
1993 (203 x 0.05 = 10 lb) was available for a total of 135 lb N/A.

Com (P3556) was planted on May 2 at a population of 32000 plants/A. Starter fertilizer was not used because of the
high soil tests. Force was applied at 1 lb ai/A to control rootworms. Weeds were controlled with a preemergence
application of Harness (2.75 lb ai/A) andBladex (3 lbai/A) applied May 13. Weed andinsect control wereexcellent.

In August 1994, porous suction cup (PSC) samplers and piezometers were installed at 4, 6, and 8 ft depths inthe 8
plotsthat received either urea ordairy manure. The PSC and piezometers wsre installed 30-in.apart betweenthe com
rows at a distance of 7 ft from the tile line.

Silage yields weretaken at physiological maturity. Grain yields weretaken by combine from 2-45' rows. When tile
lines were flowing, flow rates weremeasured daily and samples takenon a daily basis for the first week and then o"^.

t ResearchAssociate, Professor, Southem Experiment Station, Waseca and Assoc. Professor, Dept. of Soil,Water,
and Climate, StPaul, respectively.
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aM-W-F basis thereafter for N03 analysis. Ammonium-N. total-P. and ortho-P were determined on samples taken on
selected days when all tile lines were running in April, May. October, and November. Tile water sampleswere collected
for fecal coliform bacteria analysis in May and June. Water samples collscted ona twice-monthly basis from PSC

1 samplers and piezometers were slso analyzed for NO,. All analyses were done by the Research Analyticol Lob.

Soil NO,-N in the 0-5' profile was determined from two cores/plot taken in 1-foot increments on November 14,1996.

RESULTS

Com grain yield, grain Nremoval, silage yield, and Nuptake were significantly (P S 0.05) greater in plots that were
fertilized with urea compared tothose plots that received liquid dairy manure (Table 2). The 19bu/A yield advantage
for the ureo treatment suggests that sufficient Nwas not providsd bythe dairy manure treatment. Visual observations
during the season indicated color (dark green) and growth/height advantage for the urea treatment. This is evident
from the significantly lower chlorophyll content in leaves of the com plants in the dairy manure treatment than in the
urea treatment during the R2 growth stage of corn. We believe that cooler and drier than normal weather conditions
in April. May. and July resulted in slower mineralization of organic Nin the manure. This resulted in insufficient N
available for plant uptake at the rapid growth stage of com. Perhaps the assumption that 90% of the ammonium-N
and 26% of tho organic Nin the manure applied in Nov. 95 plus 15% of the total Nof manure applied in Nov.1994
and 5% ofthe total Noftho manure applied in Nov. 1993 was available tothe 1996 crop was an overeetimate of N
availability from dairymanure under these conditions.

Table 1. Nutrient analyses and application rate ofliquid dairy manure applied in November, 1995.
Total K,0

Dry matter

%

5.1

Total N

17.8

160

NH,-N

8.2

74

Organic N

lb/1000 gal

9.6

lb/acre •

86

Total P20s

8.0 22.8

72 205

Table 2. Influence of nitrogen source on corn production and Nutilization atWaseca in 1996.

Nitrogen
source

Rnal

Pooulation

Chlorophyll
rsadino

Silaae Grain

Yield N iiDtake Yield N N removal H,p

xlO* SPAD units TDM/A lb N/A bu/A % lb N/A %

Urea

Dairy Manure
Check1'

27.8

27.0

52.9

40.9

24.5

6.16

4.93

2.15

106.3

79.6

30.2

136.0

116.1

38.7

1.10

0.98

0.94

70.0

53.7

17.2

23.2

23.6

20.0

LSD (0.05)

CV(%)

NS

1.8

6.9

4.2

0.55

2.8

10.7

3.3

16.7

3.8

NS

4.1

16.1

7.4

NS

4.3

v Thecheck plots (0 lbN/A) are notrandomized within the replications and do not have the sameplot history as the
8 main plots. Therefore, data from these plots are not included in the statistical analysis.

Below normal precipitation was recorded in April, May, July, and September months. As a result, little ornotile flow
occurred during these months. Junorainfall was 1.2" abovenormal. Althoughrainfall was 2.9" abovenormal inAugust
tile flowdid not occur because of high ET losses. Tile flow, flow-weighted N03-N concentration, and nitrate-N losses
did not differ between the two nitrogen sources.
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Table 3. Influence of nitrogen source on tile flow, flow-weighted NO,-N concentration and N03-N loss in 1996.

Month NO.-NTile

_Flpw_
acre-in.

Concentration

mg/L
• - Urea

Loss

ulb/A

April
May
June

July
August
September
October

November

Dec

Total

April
May
June

July
August
September
October

November

December

Total

3.34

0.02

0.96

0.26

4.68

3.83

0.03

1.01

0.40

5.27

Avg

11.8

11.2

6.7

6.0

8.9

- - Dairy manure

11.9

9.0

6.3

5.5

= 8.2

8.8

0.0

1.6

0.4

10.7

10.4

0.1

1.5

0.6

12.6Avo

Residual N03-N in the 0-5 ft. soil profile at the end of the 1996 growing season was slightly greater in plots that
received dairy manure compared to those that received urea (Table 4). This was especially true in the 0 to 1 ft. soil
layer where nitrates intho dairy manure treatment weretwice as high as in the urea treatment. This suggests that
some late-season availability of N from the manure whenthe cropuptakeof Nhasceasedmay haveoccurred resulting
in greater amounts of N0,-N accumulated in the top 2 ft. of the dairy manured plots than those treated with urea.

Table 4. Influence of nitrogen source on residual N03-N in the soil profile in November, 1996.

Profile Nitroaen Source

Dsoth Urea Dairv manure

,..NO M (lb/A) - •ft

0-1

1-2

2-3

3-4

4-6

To^(0-6')

16.1 (2.2)t
9.7(1.4)

8.5(1.3)
13.1 (0.9)
18.9(2.1)
66.3

32.8 (5.0)
14.1 (3.3)

5.6(1.2)

9.3 (0.6)
16.9(2.3)
78.7

T Numbers in parentheses representthe standard error around the mean.

u

Soil samples were collected from the plow layer (0-8") in June 1996tomeasure the influence ofdairy manure vs. urea
on soil fertility. Soil pH was similar between the two treatments while soil test Pwas 14 ppm greater and soil test K
waa 104 ppm greater in the dairy manure treatment compared to the urea treated plots (Table 5). The same four plots
that received dairy manure in the fall of 1995 received dairy manure a rate of 8.000 gal /acre in Nov. 1993. and
10,000 gal/acre in Nov. 1994. In all three years, the amounts of P2Os and K20 added through the manure were in
excess ofcrop removal of these nutrients. This indicotes that repeated application of dairy manure at rates based on
Nrequirement of com crop can result in a build upof soil test Pend K.

u
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Table 6. Influence of nitrogen source onsoil pH. soil test Pand Kintho 0-8" soil profile inJune. 1996.

Nitrogen source

Urea Dairy manure

PH 5.9 6.0

Phosphorus-Bray P, (ppm) 26 (3)1 40(2)

Potassium (ppm) 150(13) 254(14)

t Numbers in the parentheses represent the standard error around the moan.

The detection limit for ortho-P in tile water samples was lowsred from 0.04 mg/L in 1996 to 0.01 mg/L in 1996. As
aresult. ortho-P was detected in 61 %of the water samples from the plote that received dairy manure and in 60% of
the water samples from the urea treated plots in 1996 (Table 6). Total phosphorus was detected in all 18 sample,
analyzed from the urea treatment and in 17 samples from the manured plote. However, average concentrations of
ortho-P (0.01-0.02 mg/L) and total P(0.03 mg/L) were very low for both the ureo and dairy manure treatments.
Coliform bacteria (E.Coli) was not detected in any of the 6 samples analyzed from the manure applied plote.
Ammonium-Nwasdetected in three of the four samples analyzed from each of thedairy manure and urea treatments.
Ammonium-N concentrations were similar between the dairy manure end urea treatments.

Table 6. Ortho-phosphorus, total phosphorus, coliform bacteria, and ammonium-N detects in tile water samples in
1996. . ,

• E.Coli

Ortho-P Total P

Manure

Number ot samples

analyzed
Number of detects1'

% of somplss with
detects 61

Concentration range of
detects (mg/L)

Average concentration
among detects (mg/L) 0.02 0.01 0.03 0.03
11 Detection level is 0.01 mg/L tor ortho-P. 0.02 mg/L tor total P. and 0.02 mg/L tor NH,-N.

18

11

Urea

18

9

Manure

18

17

Urea

18

18

50 94 100

0.01 -0.03 0.01 -0.02 0.02-0.09 0.02-0.08

Bacteria

Manure Urea

6

0

NH4-N

Manure Urea

4 4

3 3

75 76

0.02 0.02-0.03

0.02 0.02

Nitrate-N concentrations in the PSC samplers at the 4-ft depth were consistently greater in plote that received urea
compared to those that received dairy manure at all five sampling dates (Fig 1).There waano clear trend at the 6 ft
depth. At the 8 ft depth the nitrate-N concentrations were similar between the two treatments at all sampling dates
except July 9. Nitrate-N concentrations increased from June 4 to June 19 inbothtreatments at the 4-ft depth. This
increase was alsoseen at the 6-ft depth, but was most dramatic with urea.. Concentrations of N0,-N at the 8-ft depth
were low « 6 mg/L) for both treatments. Water camples were collected five times from the piezometers in 1996.
Nitrate-N detects inthe piezometer watersamples are given inTable 7. Acrossthe five sampling dates betweenJune
4 and August28, water was found in only 12of a possible 40 piezometers at the 4 ft. depth whereas at the 6 and
8 ft depth8 28 and 26, respectively, of the piezometers had water. Average nitrate-N concentrations in the 4 ft depth
piezometerswere less than those in the 4 ft depth PSCsamplersat all samplingdates. In general, more detects were
found in the ureatreated plotscompared to the dairy manure plots. Variation around the mean nitrate-N concentration
was greater for the piezometer samples compared to the tile lines or the PSC samplers.
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Table 7. Nitrate-N detects in piezometer water samples in 1996.

Depth

6-4 6-19 7-9 7-23 8- 28

Manure Urea Manure Urea Manure Urea Manure Urea Manure Urea

ft. <J
4 0 1 4 3 0 0 0 0 1 3

# of samples 6 4 4 1 4 4 4 1 2 2 2

analyzed 8 3 4 3 3 2 4 2 1 2 2

4 . 1 4 3 — — m _ 1 3

6 2 4 1 4 2 4 0 2 1 2

# of detects1/ 8 2 0 2 1 1 0 0 0 1 0

4 — 100 100 100 _ . . . 100 100

% of samples 6 60 100 100 100 50 100 0 100 50 100

with detects 8 67 0 87 33 50 0 0 0 50 0

4 . 6.0 1.7-23.0 8.4-20.9 m m . . 0.9 1.2-2.2

Cone, range 6 0.5-7.2 0.8-23.6 2.8 0.9-60.7 0.5-2.6 I0.6-30.2 - 0.6-2.0 2.6 1.9-4.6

of data (mg/L) 8 3.1-5.9 - 4.4-17.7 2.0 14.7 - - - 1.0 -

4 . 6.0 14.7 15.4 . _ . . 0.9 1.8

Avg. cone, among 6 3.8 8.4 2.8 18.9 1.5 8.1 - 1.3 2.6 3.2

detects (mg/L) 8 4.6 - 11.0 2.0 14.7 - - - 1.0 -

v detection limit is 0.5 mg/L.

^J
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6/4 6/19 7/9 7/23

Sampling Date
8728

Fig 1. Nitrate-N concentrations in porous suction cup samplers in 1996
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NITRATE LOSSES TO TILE DRAINAGE AS AFFECTED BY NITROGEN

FERTIUZATION OF CORN IN A CORN-SOYBEAN ROTATION1'
Waseca, 1996

G. W. Randall and J. A. Vetsch2'

ABSTRACT: A study was conducted in 1996 to determine the influence of time of N application, N source, and nitrification
inhibitor on the yield and uptake of N by com and the loss of N03 to tile drainage. These third-year results showed significant
grain and silage yield increases over the control from all N treatments. Highest yields and N uptake were obtained with the
spring prsplant AA with N-Serve treatment and the spring preplant urea treatment Yields and N uptake were not different
among the fall and spring AA without N-Serve, fall AA with N-Serve, and sidedress AA treatments. Highest N03-N
concentrations in the grain and stover were found with the spring urea treatment. Flow-weighted N03-N concentrations in
the drainage water from the corn plots were highest with the fall AA without N-Serve and spring AA with N-Serve treatments.
In soybeans, N03-N concentrations in the water were not greatly different among the N treatments, which had been applied
for the 1995 com crop. Nitrate-N losses in the drainage water from com were 5 lb/A lowerwhen N-Serve was used in the
fall and 2 lb/A lower when used in the spring. Nitrated-N losses under soybeans ranged from only 5.0 to 6.4 lb N03-N/A,
indicating little carryover from the 1995 crop. Highest N03-N concentrations averaging 18.3 mg/L were found in the fallow
plots. Residual soil N03-N in November was slightly higher in the urea treatment than in any of the five AA treatments.

Nitrogen (N) losses to tile drainage water have been directly linked to N additions, crop grown, and soil organic matter level. Research
has been conducted on N03 losses to tile drainage in Minnesota since 1972. This research has focused primarilyon the effects of rate
and time of fertilizer N application and tillage in a continuous com system. The purpose of this study is to determine the influence of
time of N application and the use of a nitrification inhibitor on N03 movement and accumulation in the soil, NO, losses via tile drainage,
and yield an N uptake by com grown in a rotation with soybean.

EXPERIMENTAL PROCEDURES

Thirty-six individual tile line plots wsre installed on a poorly drained Webster clay loam soil at the Southem Experiment Station in 1976.
Each 20 x 30' plot is completely surrounded by plastic sheeting to a depth of 6' to prevent lateral flow and contains a tile line (4' deep)
5 feet from one end. All tiles drain to collection pits where flow rates can be measured and water samples collected for analyses. After
completing a research project in 1983 using this tile facility, the plots were cropped to com with a blanket N rate in 1984 and 1985
to establish uniformity.

Beginning in 1986 com was planted on one-half of the experimental site while soybean was planted on the other helf. Thirty two plots
(16 with com and 16 with soybean) with the most uniformdrainagewere selected from the 36 forthe primarystudy. The experiment! \
design consists ofa4 x 4 Latin square where the rows and columns were based on the previous (1977-83) tile flow rates from eacft—-^
plot. The four primary N treatments (see Teble 1) areapplied to the com phase each year with the residual effects measured in the
soybean phase. Three additional Ntreatments were replicated fourtimes aroundthe edge of the core 16-tile-plot areaand were planted
to com. These three treatments were analyzed along with the other four as a completely randomized design.

Fertilizer N was applied at a rate of 120 lb/A for all N treatments. The nitrification inhibitor, N-Serve was applied at 0.5 lb/A. Fall
treatments were applied on November 6,1995. Average soil temperature at the 4" depth on that date was 33*F with anaverage of
33°F over the following 10-day period. The spring preplant anhydrousammonia and urea treatments were applied on May 1. The
sidedress AA treatment was applied at the V3 stage on June 14.

Thecom area (1995 soybeanarea) was field cultivated oncebefore planting, while the soybean area (1995com area) was fall chiseled
and field cultivated once prior to planting. Because of highsoil Pand Ktests, no broadcast norstarter fertilizer was used.

Com (Pioneer 3730)was planted at32,000 seeds/acre on May 17with a JD Max-Emerge planter. Com rootworm insecticide was not
used. Weeds werechemically controlled with e preemergence application of Harness (2.75 pt/A) plus Broadstrike Plus (0.25 lb/A) on
May 25. Soybeans (Sturdy) ware planted in 30" rows at9 beans per foot ofrow on May 29. Weeds were chemically controlled with
3.0 lb/A Lasso preemergence (June 1) plus a post emergence application of Pursuit (1.1 oz/A) at the 1st trifoliate stage (July 25).

Two plots within each of the comand soybean areas were notplanted and were fallowed all summer. These four fallow plot areas
werelocated onthosetile plots thatshowed greatest water flow variability (1977-83). The purposes of theseplots wereto check the
N03-N concentrations in the tile water in a fallow system and toutilize all 36of the tiled plots, even though these four historically
showed the highest flow variability.

Stand counts weretaken at theV-5stage end plots were thinned to a uniform population of 31,360plants/acre. Chlorophyll content
in the earleaf was measured with a Minolta SPAD meteron August2 (R1). Stover and grain samples were takenat physiological
maturity byhand harvesting 30'ofrow for stover yield and 60' ofrow for grain yield and moisture. Tile line flow rates were determined
daily and were recorded when flow exceeded 10ml/minute (0.01 "/day). Samples were collected for N03-N analysis on an every-other-
day basis. Soil samples for N03-N analysis were taken in 1-foot increments to a depth of4 feet from all plots on November 14.
Chemical analyses of plant, water, and soil were performed bytheResearch Analytical Laboratory, University of Minnesota.

!' Partial funding provided by DowElanco and Minnesota Agric. Exp. Stn.
V Professor and Assistant Scientist, So. Exp. Stn., Waseca.
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RESULTS AND DISCUSSION

Plant

f/-"\/er Nconcentration, yield, and Nuptake atphysiological maturity were increased over the control byall of theNtreatments (Table
.,. Stover yield differences didnot existamong the treatments that received N. However, stover Nconcentration andN uptake were
generally greater for the preplant urea and sidedress AA treatments compared with the fall and spring preplant AA treatments.
Chlorophyll content of the ear leaf at the R-1 stage was increased significantly above the control by all of the Ntreatments. When
comparing therelative chlorophyll content ofeach Ntreatment tothecontent ofthehighest treatment, all showed adequate chlorophyll
suggesting sufficient N (>96% relative chlorophyll) for optimum yield. Final population was excellent and was not affected by the
treatments.

Table 1. Influence of time of N application, N source and nitrification inhibitor on whole plantN, stover yield, N uptake, leaf
chlorophyll, and final population of com following soybeans.

N Application

Time Inhibitor N

Primerv trts

AA Fall (11/6)
AA Fall (11/6)
AAPP(5/1)

AAPP(5/1)

No

Yes

No

Yes

%

0.54

0.52

0.48

0.50

Additional trts

Urea PP (5/1)
AASDI6/14)

Check (No N)

No

No

0.67

0.64

0.38

Statistical Analvsis Latin sauare (Primary trts)

P>f:

LSD (0.05):

CV {%):

0.58

13

"^atistical Analvsis Completely randomized 17 trts)
>F: <0.01

LSD (0.05): 0.09
CV(%): 12

Stover

Yield

TDM/A

2.60

2.60

Z64

2.56

2.97

2.64

2.08

0.91

0.02

0.41

11

N uptake

lb/A

28.2

27.0

25.4

25.3

39.6

33.6

15.7

0.62

13

<0.01

6.0

15

Relative

Chlorophyll

%

97.8

96.2

97.7

96.6

100.0

97.8

71.4

0.63

<0.01

3.7

3

Final

Population

ppAxlO3

30.10

30.03

29.72

29.79

30.10

30.20

29.86

0.54

1

0.25

1

Grain yield, N concentration, and N uptake, silage yield, and total N uptake were increased significantly over the control by allof the
N treatments (Table 2). Grain yields were increased significantly over the fall AA treatments and the spring preplant AA treatment
without N-Serve by preplant AA with N-Serve and the preplanturea treatment. A wet 8-day periodbeginning on June 16 may have
caused some denitrification and/or leaching of nitrate below the upper portions of the root zone, which could explain the somewhat
lower yields with the fall treatments and the preplant AA without N-Serve treatment. Including N-Serve with the spring AA would have
delayed nitrification during this very cool spring and thereby optimized N availabilityto the com. Also, the spring broadcast application
of urea because of its incorporation within the seed zone likely was more available to the small com plants, giving them an early boost
and perhaps a greater root system. The timing of these events may also have been critical because ear size was being determined at
this time. The urea treatment also produced the greatest grain N concentration and silage yield (Table 2). This resulted in significantly
higher N uptake in both the grain and silage compared with most of the other N treatments. Differences in grain N concentration, grain
N uptake, silage yield, and total N uptake were not significant among the fall and spring preplant applied AA treatments.

The General Linear Models procedure in SAS* was used to "contrast" the four primary treatments and determine if significant differences
existed. The significance levels in Table 3 show no differences between fall AA with N-Serve and without N-Serve. However, both
grain moisture and yield were less for the fall AA treatments compared to spring preplant AA when averaged across the N-Serve
treatments. Grain yield for spring preplent AA with N-Serve was significantly greater than for preplant AA without N-Serve.

Water

Weather conditions during the 1996 growing season were cooler and slightly wetter than normal. Rainfall in June was 1.24" above
normal followed by a very dry July when rainfall was 2.4" below normal. August rainfall was almost 3" above normal while November
was the fifth wettest November on record at 2.4" above normal. Consequently tile drainage was heaviest in June and November when
the lines flowed 18 and 10 days, respectively (Table 4). Drainage from the 16 com plots averaged 3.79" with a 2.08" range among
the four time/method treatments. Soybeans showed slightly less tile drainage compared to com with an average of 3.15" from the 16
•jots and a range of only 0.43" among the four time/method treatments. Ideally, drainage should be uniform among the time/method

nents, however, normal soil and drainage variability exists in these plots and results in these unfortunate differences.
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Table 2. Corn grain and silage production as influenced by time of application. N source, end nitrification inhibitor.
N application Grain Silage

Yield

Total N

Time N-Serve Yield H20 N N Uptake uptake

bu/A % % lb/A TDM/A lb/A (
Primary trts N.

AA Fall (11/6) No 152.6 29.9 1.16 84.1 6.21 112.3

AA Fall (11/6) Yes 154.3 30.3 1.12 82.0 6.24 109.0
AAPP(5/1) No 154.0 31.3 1.16 84.4 6.28 109.8

AAPP(5/1) Yes 168.3 30.6 1.16 92.2 6.54 117.5

Additional trts

Urea PP (5/1) No 175.5 31.5 1.28 106.2 7.12 145.8
AA SD (6/14) No 157.8 32.4 1.17 88.3 6.38 121.9

Check (No N) -- 104.9 34.4 0.86 42.9 4.57 58.6

Statistical Analvsis Latin sauare (Primary trts)

?> F: 0.03 0.06 0.84 0.20 0.34 0.45
LSD (0.05): 10.6

CV (%): 4 2 6 7 4 7

Statistical Analvsis ComDletelv randomized (7 trts)

?>F: <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

LSD (0.05): 22.9 1.7 0.11 18.1 0.90 21.2

CV <%): 10 4 7 15 10 13

Table 3. Significance levels for differences among the four primary treatments as determined by contrast statistics.
Contrast

Parameter Fall without N-Serve vs Fall vs Spring Spring without N-Serve vs
Fall with N-Serve Spring with N-Serve

- Probability > F ......

Stover N Concentration 0.69 0.22 0.73

Grain N Concentration 0.45 0.66 0.96 r
Grain Moisture 0.38 0.02 0.12 V-

Grain Yield 0.72 0.05 0.02

Stover Yield 0.99 0.96 0.50

Silage Yield 0.85 0.20 0.21

Final Population 0.81 0.18 0.83

Stover N Uptake 0.66 0.24 0.95

Grain N Uptake 0.65 0.14 0.12

Silage N Uptake 0.57 0.46 0.20

Relative Chlorophyll 0.30 0.90 - 0.47

Annual flow-weighted N03-Nconcentrations in the drainagewater fromthe com plots were highest forthe fall AA without N-Serve end
spring AA with N-Serve treatments (Table5). But. the differences inmonthly flow-weighted concentrations among the treatments really
points to the relationship between time of N applicationand the time when excess rainfall and leaching occurred. In May, when very
littledrainage occurred, N03-N concentrations were highest for fall AA without N-Serve. During June when drainage was greatest,
highest NCyN concentrations occurred with fall AA without N-Serve and spring preplant AA with N-Serve. The highconcentrations
with the letter treatment is surprising, but could indicate less denitrification with this treatment and subsequently higher yields. In
November when drainage averaged about 0.4", significantly higher N03-N concentrations occurred with the spring preplant AA
treatment with N-Serve. The late rail applicationof AA with N-Serve showed lowest N03-N concentrations throughout the year.

Inthe soybean plots, where N had been applied either in the fall of 1994 or spring of 1995, N03-N concentrations were consistently
lower compared with the com plots (Table 5). The average NCyN concentration was 8.2 mg/L with very little difference among the
four N treatments. Nitrate-N concentrations under a 10-yr continuous fallow system (no fertilizerN applied) was 40% higher compared
to the corn plots that received 120 lb N/A and 125% highercomparedwith the soybean plots.

yj
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Table 4. Tile water discharge from the com, soybean, and fallow plots in 1996.
Year'N application

r>
Time

Fall (11/6)
Fall (11/6)

Spring (5/1)
Spring (5/1)

Fall (10/28/94)
Fall (10/28/94)

Spring (4/25/95)
Spring (4/25/95)

Inhibitor

No

Yes

No

Yes

No

Yes

No

Yes

Month

May June November Total

- acre-inches -•

Corn

0.06 4.34 0.33 4.76

0.08 3.20 0.48 3.82

0.14 3.34 0.37 3.90

0.00 2.45 0.18

Soybean

2.68

0.11 2.82 0.36 3.29

0.13 2.64 0.37 3.15

0.05 2.46 0.36 2.87

0.07 2.83 0.39

Fallow

3.30

NONE 0.04 2.33 0.21 2.70

i

Table 5

Includes two days of flow in December.

. Flow-weighted N0,-N concentrations for each month from the com. soybean, and fallow plots in 1996.

N application Month Year'

Time Inhibitor May June November Average

N03-N (mg/L)

n

Fall (11/6)
Fall (11/6)

Spring (5/1)
Spring (5/1)

Fall (10/28/94)
Fall (10/28/94)

Spring (4/25/95)
Spring (4/25/95)

NONE

No

Yes

No

Yes

No

Yes

No

Yes

10.7

8.3

9.6

7.6

8.5

9.8

10.0

18.6

14.4

12.1

13.6

15.1

8.2

7.1

8.4

8.4

18.3

Com

8.9

6.3

8.1

12.8

Soybean

8.8

8.6

9.8

10.0

Fallow

19.7

14.1

11.3

12.8

14.9

8.2

7.3

8.6

8.6

18.3

Includes two days of flow in December.

Nitrate-N losses in the drainagewater for 1996 varied considerablyamong the N treatments forcom, but losses under soybeans were
not affected by the previous N treatments (Table 6). N-Servereducedthe N03-N losses by 5.2 lb/A when applied in the fall and by 2.0
lb/A when applied in the spring. Nitrate-N loss in the fallow system, where mineralization of soilorganic matter was the N03 source,
was similar to the average loss from the com plots. This emphasizes the importance of growing a crop to absorb N released from these
high organic matter soils.

Nitrate-N losses to the tile drainage water were normalized to tile water flow to minimize the influence of water flow volume among
the N treatments on interpretationof the data (Table 7). Normalized values for com were highest with the spring AA with N-Serve and
fall AA without N-Serve treatments. Fell application of AA with N-Serve showed the lowest normalized valua. Nitrate-N losses from
the soybean plots as a function of the N treatments applied to com in the previous year were considerably lower than from the corn
plots. This probably reflects the low amount of residual N remaining from the 1994-95 treatments. Differences among the treatments
were small, ranging from 1.58 lb N03-N/acre-inch of water for the fall AA with N-Serve treatment to 2.05 for the spring AA without
N-Serve treatment Normalized N03-N losses for the com-soybean system ranked in the order; fall AA with N-Serve < spring AA
without N-Serve «= fall AA without N-Serve = spring AA with N-Serve. Continuous fallow gavs the highest normalized loss of 4.0 lb
NOj-N/acre-inch of drainage. Additional years with adequate drainage losses arenecessary to determine if these findings areconsistent
over time.

n
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Table 6. Nitrate-N loss for each month from the corn, soybean, and fallow plots in 1996.
N application Month Year'

Tims 1Inhibitor May June November Total

No

Yes

No

Yes

No

Yes

No

Yes

MO -N flh/Al .... (

Com

V*

Fall (11/6)

Fall (11/6)

Spring (5/1)
Spring (5/1)

0.2 13.9

0.2 8.7

0.3 10.0

0.0 8.4

0.6

0.6

0.7

0.5

Soybean

14.7

9.5

11.1

9.1

Fall (10/28/94)
Fall (10/28/94)

Spring (4/25/95)
Spring (4/25/95)

0.2 4.9

0.2 4.1

0.1 4.9

0.2 5.4

0.6

0.7

0.9

0.8

Fallow

5.7

5.0

5.9

6.4

NONE 0.2 9.2 0.9 10.8

1 Includes two days of flow in December.

Table 7. "Flow-normalized" NCyN losses to tils drainage in a com-soybean sequence in 1996.
Time/Method of N Application

Crop System1 Fall No Inhibitor Fall Inhibitor Spring No Inhibitor Spring Inhibitor

3.09

1.72

2.53

- - NOj-N lost (lb/acre-

2.48

1.58

2.08

Com

Soybean2

Corn-Soybean System

2.85

2.05

2.51

3.39

1.93

2.59

' Continuous fallow (10 years without fertilizer N) = 4.00
* N applied for the 1995 com crop at 120 lb N/A.

SoJ
u

Residual soil nitrate-N (RSN) remaining in the 0-4' profile in November was about 2 times greater in the fallow plots compared to the
plots that received the six N treatments (Table 8). All N treatments contained slightiy more RSN in the 4-ft profile compared with the
check (no N) treatment. Slightiy higher RSN was found in the urea treatment with littledifference among the five AA treatments. About
one-half of the RSN in the 4-ft profile was found in the top foot.

Table 8. Residual soil nitrate-N in November 1996 from all fallow and com plots as influenced by N treatment.

Fallow N03-N
N Treatment for Com

Profile depth FallAA FallAA+NI PPAA PPAA+NI Urea SDAA Check (No N)

feet ... |b/A --- lb/A --•

0-1 42 20 28 24 24 31 29 21

1-2 29 9 7 9 7 14 11 6

2-3 19 5 4 8 6 10 5 4

3-4 18 6 5 9 6 7 5 3

Total in

0 • 4' profile 108 40 44 49 42 62 50 33

u
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RESIDUAL EFFECTS OF NITROGEN APPLIED TO ESTABLISHED REED CANARYGRASS

J. A. Vetsch, G. W. Randall, and M. P. Russelle1

ABSTRACT: Recentlydeveloped low-alkaloid varietiesof reed canarygrass are being considered as an alternative forage for
dairyenterprises. Theobjectivesof this 5-yearstudy were to determine the effectof singleearly-seasonand splitapplications
of fertilizer Non the yieldand qualityof reed canarygrass. Veryhigh Nrates (upto 600 lb/A) were appliedin 1994to examine
the effect on yieldand to determinethe potentialfordownwardmovementof excess Ninthe soil profile. Becausesubstantial
soil N03-N remained in the 0-4 ft profile in the fall of 1994 (when rates of & 400 lb N/A were applied), we measured reed
canarygrassyield and Nuptake in 1995 and againin 1998 to determine the availability of residual N. Our results showed up
to 8 percentrecovery in 1998 from the fertilizer Napplied in 1994. Three-year recoveries totaled74,64, and 57 percentfor
400, 500, and 600 lb N/A rates, respectively. These results suggest that residual N can be effectively utilized by reed
canarygrass and little residual nitrate will be lost to ground and surface water when optimumN rates ere exceeded.

EXPERIMENTAL PROCEDURES

Ninety-six plots,measuring 10 ft by 20 ft, were laid out on established reed canarygrass (variety Palaton) inApril 1994 on a Webster
clayloam soil. Plots were fertilized in 1994 with varying rates of Nas ammonium nitrate on April 11 and June 20 after first cutting.
In 1995 and 1996 yields were takenfrom selectedNrates (Table 1) to evaluatethe residual effects of Nfertilization in 1994. Asingle
treatment (300 annually) received 300 lb N/A as ammonium nitratein 1994,1995 and 1996. Yields were taken by harvesting a 3 ft
by 19 ft swath from each ploton June 13, July25, andSeptember 13. Forage was analyzed formoisture contentand total Kjeldahl
N. The total N analyses were conducted by Dr. Russelle's Laboratory in St Paul.

RESULTS AND DISCUSSION

Drv Matter Yield. Total N Concentration, and N Removal bv Harvest

Yield data, obtained in 1996 from selected treatments applied in 1994, were taken to detemnine the potential for plant recovery of
residual N. Nitrogen fertilizer applied in 1994 significantly affected dry matter yields, total N concentration, and N removal in 1996
(Table1). First and second harvest and total (annual)yields were increased significantlyby 1994 rates a400 lb N/Acompared to the
control (zero N). A 1994 rate of 600 lb N/A resulted in a yield increase for the third harvest when compared to the control. Total N
concentration and N removal were also increased significantlygreater than the control by 1994 N rates a400 lb/A. The '300 annually'

^treatment (300 lb N/A in 1994, 1995, and 1996) had significantly greater total Nconcentration for all three cuts but did not result in
! Nater dry matter yield and Nremoval. In general dry matter yields in 1996 were much lower than usual due tocold temperatures in

•vlay (4°F below normal),which resulted in reduced first cut yields,and very dry conditionsfrom June 20 to August 5, which resulted
in reduced second cut yields.

Table 1. Residual effects of N applied in 1994 on dry matter yield, total N, and N removal of reed canarygrass in 1996.
Dry Matter Yield Total N Concentration Nitrogen Removal

1994 Total N Rate 1st cut 2nd cut 3rd cut Total 1st cut 2nd cut 3rd cut 1st cut 2nd cut 3rd cut Total

lb N/A

0

t rjM'» -- % --

1.46

|k M'A

0.210 0.280 0.154 0.645 1.35 1.73 5.7 8.3 5.3 19.3

300 0.335 1.36 8.9

350 0.418 1.42 11.7

400 0.654 0.517 0.237 1.408 1.29 1.56 2.00 16.6 16.1 9.6 42.3

500 0.662 0.569 0.273 1.504 1.66 1.75 2.03 21.8 20.0 11.1 52.9

600 0.938 0.490 0.453 1.881 1.60 1.72 2.17 29.8 17.0 19.9 66.7

300 Annually1 0.771 0i289 0.382 1.441 Z57 3.22 3.13 38.6 18.3 23.8 80.7

Statistical Analvsis

Pr. >F: <0.01 0.02 0.02 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

LSD (0.05): 0.282 0.194 0.167 0.515 0.29 0.29 0.21 9.0 7.6 8.5 20.3

CV (%): 33 29 36 24 12 10 6 32 31 40 25

1 300 lb N/A applied annually in 1994.1995 and 1996.

r\
Assistant Scientist and Professor, University of Minnesota Southern Experiment Station, Waseca; Soil Scientist, USDA-ARS-US
Dairy Forage Research Center, St. Paul.
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Annual N Removal and Apparent N Recovery

Apparent N recoveries were calculated from total N removed for 1994,1995 and 1996 (Table 2). First year (fertilization year) recoveries
were lower in 1994compared to previous years. Therefore, considerable residual N was expected for plant growth in subsequent years i
Nitrogen removal and apparent Nrecovery in1996 (two years after fertilization) ware considerably less than in 1994(fertilization yearV—'
and 1995 (one year after fertilization). The combined N recovery was calculated by adding the N recovery from 1994,1995 and 1996.
The combined (three-year) recoveries of 74 and 64 percent at N rates of 400 and 500 lb/A respectively, are similar to recoveries
obtained at these N rates in 1993. A three-year recovery of 57 percent at the 600 lb/A N rate was considerably lower than the two-year
recovery of 77 percent at that N rate applied in 1993 (data from 1995 Bluebook). Observations at 600 lb N/A in 1996 (lower combined
N recovery and significantly greater 3rd cut yield) suggest that some residual N may be available at the this N rate for the 1997 growing
season. However, since combined recoveries were considerably lower than first year recoveries in 1992 and 1993, some N was
probably immobilized or lost from the rooting zone.

Table 2. Annual N removal and apparent recovery of fertilizer N by reed canarygrass in 1996 as affected by N rate in 1994.
Total Annual N Removal Apparent N Recovery'

1994 Total N Rate 1994 1995 1996 1994 1995 1996 Combined2

- - lb N/A - -

0

400

500

600

84

230

241

246

|k N/A ......

39

166

167

171

19

42

53

67

36

31

27

32

26

" 22

6

7

8

74

64

57

1 Apparent N Recovery
2 Recovery of N applied

Recommendation

= (Total N removal - N removal from control) +

in 1994 by dry matter in 1994,1995 and 1996.
Total N applied in 1994.

This report concludes five years of research in N fertilization of reed canarygrass at Waseca. Based on this research the following
recommendations for nitrogen fertilization of reed canarygrass can be made. Single early-season (April)applications of N are as effective
as split applications for dry matter production. A single early-season application of 200 lb N/A is recommended for optimum yields.
Ifgrowing conditions are excellent and a first cut yield > 2.3 T DM/A is obtained, then an additional 50 to 100 lb N/A may be warranted
after first cutting. Nitrate concentration in the forage can reach toxic levels when single applications of N exceed 200 lb/A. Thus,
forage nitrate concentrations need to be monitored and feed rations may have to be adjusted. At these recommended N rates for
optimum production, we would not expect Nloss from the soil profile. \_J

u
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EVALUATING SOIL N TEST METHODS ON A FIELD WITH A MANURE HISTORY

G. W. Randall, M. A. Schmitt, and J. A. Vetsch"

T ) A8STRACT: Nitrogen can become available to the plant from previous applications of manure. The purpose of this
study was to evaluate various soil N test methods to see if Minnesota's new soil N test needs to be modified or an
additional test needs to be developed to more accurately predict soil N availability to crops in animal-based systems.
Results from this trial indicate that the recommended rate of fertilizer N would have been improved at this site if a
preplant, 0-2 foot soil sample would have been taken. This test would have suggested a 65-lb N credit from the 100-
Ib recommendation based on past crop, soil organic matter, and yield goal. The resulting 35-lb N recommendation
would have optimized grain yield, which agrees extremely well with the data obtained.

Manure is often applied to the same fields each year by producers because of the proximity of the field to the livestock facility
or because of an inadequate land base to facilitate less frequent applications. As a result, manure-N may accumulate over time
and can then become available through mineralization to succeeding crops. The amount of N becoming available in any
particular field is unknown. Thus, fertilizer N recommendations usually do not take into account these previous applications.

The purpose of this study is to evaluate various soil N tests in animal-based systems to see if our present soil N test needs to
be modified or a new test developed to more accurately predict soil N availability to crops. To do this we must obtain
experimental sites with a long-term manure history, apply a series of fertilizer N rates, determine the yield response to the
fertilizer, and then calibrate this response or lack of response to soil N values obtained by various soil tests.

EXPERIMENTAL PROCEDURES

The site for 1996 was a Nicollet clay loam soil at the Southem Experiment Station in Waseca. This site had been cropped to
alfalfa in 1992-4 and com in 1995. It received 10000 gal/acre of dairy manure in the spring of 1995.

Nitrogen as urea was broadcast-applied and incorporated at rates of 30, 60, 90,120,150 and 180 lb N/A just before planting
and was compared to an unfertilized check plot. A randomized complete block design with four replications was used for the
experiment. Pioneer 3730was planted on April 30 and thinned to a uniform population of 31050 plants per acre. Weeds were
controlled very well with a combination of herbicides and cultivation.

Grain yields were combine harvested by taking 89 feet of row. Stover yields were hand harvested by taking 15 feet of row at
radiological maturity.

Soil samples were taken from the control plots in 1 foot increments to a depth of 3 feet at three times during the season
(preplant, emergence, and 10- to 12-inch tall com). After harvest, samples were taken to a 4 foot depth from the 0, 90 and
180-lb treatments. Samples were analyzed for nitrate-N (N03-N) and ammonium-N (NH«-N).

Chlorophyll measurements were taken each week from the V9 stage of growth through R3. Thirty plants in each plot were
measured and the average reported. SPAD meter values were normalized by calculating the relative value besed on the highest
treatment reading being equal to 100 percent.

RESULTS AND DISCUSSION

Corn yields were very good despite cool spring temperatures (Table 1). Statistical analyses showed that grain yields were
optimized at the 30-lb N rate. Stover and silage yields increased with increasing N rate up to 150 and 180 lb N/acre,
respectively. Stover and grain N concentration was optimized at 120 and 1801b N/A, respectively. Removal of N in the stover,
grain, and silage was optimized et the 150,180, and 180-lb N rates, respectively. These rates are surprisingly high considering
that grain yield was optimized with only 30 lb N/A. However, because stover yields continued to increase with N rates through
150 lb/A and N concentrations in the grain increased with increasing N rate, N removal by the plant did not reflect an economic
grain yield response. The reason for this disagreement, which is rather unusual, may be that this hybrid continues to accumulate
N at higher rates of applied N even though grain yield does not respond - - at least under the weather conditions encountered
in 1996. Relative chlorophyll content throughout the season suggests that corn production was optimized at the 60-lb N rate,
based on other studies where relative values greater than 95% indicated optimum yields.

n

Professor, Southern Experiment Station, Waseca; Assoc. Professor, Dept. of Soil, Water, and Climate, St. Paul; and
Assistant Scientist, Southern Experiment Station, Waseca.
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Com grain yield, silage yield, and relative chlorophyll content as influenced by N applied to fields with a manure
history in 1996.

Yield N Cone. N Removal Relative Chlorophyll Content*
N Rate Grain Stover Silage Stover Grain Stover Grain Silaoje V9 V12 R1 R2 R2-3 R3 ,

lb/A bu/A - T DM/A - - Derc"' - - lb/A - ... 1

0 165 2.90 6.81 0.70 1.16 41 90 131 91 95 89 88 87 87
30 177 3.31 7.50 0.67 1.20 44 100 144 94 98 93 90 94 93
60 178 3.45 7.61 0.69 1.37 48 114 162 98 96 96 93 97 96
90 166 3.62 7.55 0.72 1.39 52 109 161 97 97 97 96 98 97

120 177 3.70 7.90 0.82 1.39 61 117 178 100 100 98 98 100 99
150 176 3.83 7.99 0.84 1.40 64 117 181 97 98 100 96 99 100
180 185 4.00 8.37 0.91 1.55 72 133 200 99 98 100 100 99 99

Pr. > F: 0.09 <0.01 <Q.01 <0.01 <0.01 <0.01 0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
LSD (0.10): 11 0.29 0.35 0.09 0.10 9 12 12 3 2 2 3 2 2
CV (%): 5 7 4 10 6 13 9 6 3 2 1 3 1 2

U

Relative to the treatment with the highest chlorophyll content

Soil N03-N analysis (Table 2) indicated carryover ofnitrate-N throughout the 0-to 3-ftprofile at thopreplant sampling. Residual
N values from samples taken at emergence and when the corn was about 10 inches tall were similar to the preplant N
concentrations at the 2-3 foot depth only. Residualsoil nitrate-N (RSN) in the surface foot was somewhat lower at the later
sampling times suggesting some had been leached to lower depths, denitrified and/or taken up by the crop (10 inch corn).
Carryover of RSN inthe 0- to 4-tl profile at tho end ofthe 1996season wasvery low in the0 and 90:lb Ntreatments with a
slight accumulation at the 180-lb rate. Itis interesting to notethehigher N03-N concentrations below twofeet, which suggests
that some of the excess N applied was being leached from the upper portion of the profile.

Table 2. Soil N03-N as influenced by time and depth of sampling in a field with a manure history in 1996.
Sampling

Time

Preplant

V1 (emergence)
V4 (10 inch com)

Post Harvest

NRete

lb/A

0

0

0

0

90

180

0-1'

9.6

6.3

5.6

4.2

3.7

5.5

1-2'

9.7

8.3

8.5

1.4

2.2

5.4

Soil Nitrate-Nitrogen (Depth)
2-3'

PPm

9.1

9.7

8.6

0.6

2.3

6.8

3-4*

6.8

1.5

3.9

6.5

0-2'

9.6

7.3

7.0

0-4'

lb N03-N/A

141 U

30

48

97

SUMMARY

Even though com yields were quite good, the yield response of continuous com to fertilizer Nwas limited in this fieldwith
a manure history.

The present soil Ntest provided a Nrecommendation much closer to the optimum economic rate compared to not using
the test. Thus, the test paid economic dividends even though it was not perfect.

Thepotential for NO- leaching to the groundwater is greatly increased by high levels of RSN accumulating insoilswhen
fertilizer N is added without taking into account the releaseof N from previously applied manure.

Further research appears necessary to more accurately predict theNavailability in fields with a long-term manure history.

U
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ENHANCING NO-TILLAGE SYSTEMS FOR CORN WITH STARTER FERTILIZER,
ROW CLEANERS AND NITROGEN PLACEMENT METHODS1

(^ J.A. Vetsch and G.W. Randall2

ABSTRACT: No-till productionoften gives slowercom growth, loweryields, and reduced profitability inthe northern Corn
Belt. A 23 factorial experiment was conducted on a tile drained Nicollet-Webster clay loam soil complex in 1996 to
determine the effect of starter fertilizer, row cleaners, and N source/placement method on no-till production of continuous
com and com after soybeans. Surface residue coverage prior to planting was >95% in both cropping systems and did
not fall below50% in late August ineither system. Com emergence was veryslow due to cold soil temperatures in May
but was enhanced about 1 to 2 days by the use of row cleaners in the continuous com system. Midden counts, an
indication of night crawler activity, were very low in continuous com but increased to high levels in the com-soybean
rotation. Fewer middens were found with anhydrous ammonia (AA) compared to spoke-wheel Injected UAN. Starter
fertilizer (10gal 10-34-0/acre) decreased final stand about3 to 5%forbothcropping systems. Early growth ofcontinuous
com was stimulated by starter fertilizer and yields were increased 8.3 bu/acre when using AA as the N source but not
when UAN was spoke-Injected next to the row. Row cleaners increased continuous com grain yield 4.6 bu/acre but had
no effect on com yields following soybeans. Com yields following soybeans were not affected by N source or starter
fertilizer. Preplantapplication of UAN + Agrotain reducedcontinuous com yields by7.5 bu/acreand cornyieldsfollowing
soybeans by 10.3 bu/acre compared to UAN spoke-injected at the V1 stage.

INTRODUCTION

No-till com production inthe northern portions ofthe ComBelt has provided serious challenges to com growers and oftenhas not
beeneconomically competitive with conventional orslightly reduced tillage systems. This is especially trueon thehighly productive
but morepoorly drained clay loam soilsofnorthern Iowa and southern Minnesota where approximately 8 million acres ofcomare
grown. These soilsare cold at the time of planting and are slow to warm. Due to slow root development, early plant growth is
retardedand delayedsilking, highmoisture at maturity, and reducedcomyieldsresult. These systems and theireffectsoccurmost
frequently with continuouscom but also are noticeable and do impact com following soybeans. Yet, to meet guidelines of 30%
surface crop residuecoverageafter planting on highly erodible land, no tillage is required following soybean. Thus, no tillage is
strongly advocated by the USDA-NRCS on these soils and is promoted actively on soils that have less erosion potential.

/""Vee management options may correct these problems or at leasthelp no-till comproduction to be more competitive. First, fluid
' alter fertilizer (10-34-0) placed with the seed asa"pop-up" may help stimulate early root and shoot growth, thereby allowing the

plant to capture more sunlight energy in June for earlier maturity and higher yields. Second, using row cleaners to clear the
residue from a 4 to 6" zone over the rowshould allowgreater warming of the soil in the seed zone and better seed to soil contact
to improve emergence. Third, placement of fluid UAN within 2 to 3" of the row with a spoke-wheel injector may stimulate early
plant growth compared to injectionof N midway between the rows.

The primary objective of the project is to determine the effects and interactions of starter fertilizer, row cleaners, and N
source/placement methodon com grainyield incontinuous com and com-soybeanrotation no-till cropping systems. Asecondary
objective is to evaluate preplant, broadcast-applied UAN with Agrotain compared to post emergence,spoke-wheel injected UAN
in both cropping systems.

EXPERIMENTAL PROCEDURES

The experiments were conducted on a tile drained Nicollet-Webster clay loam soil complex located at the Southem Experiment
Station, Waseca, Minnesota. The tile lines were spaced 75' apart and all com rows were perpendicular to the tile lines. The
continuous com plots were located on the same plots as in 1995, and the stalks had not been chopped. Com also followed
soybeans that had been planted in 1995and com in 1994. Eachplot was 10'wide (4 - 30"rows) by 120' long. The experimental
design was a 23 factorial with complete randomization within each of the four replicates. The UAN + Agrotain treatment was
randomized within the other eight treatments and was compared to treatment No. 7 using contrast statistics.

Com (Pioneer3556)was plantedon May 2 at a population of32000plants/acre with a John Deere Max-Emerge planterequipped
with 1" fluted coulters. Row cleaners (Dawn) were used on one-half of the plots. Fluid 10-34-0 was applied with the seed at a
rateof 10 gal/acreon one-half of the plots. Additional P was notapplied because soiltest Bray P1 was 26 and 30 ppm (very high)
on the continuous com and com-soybean rotation sites, respectively. Force insecticide was used to control com rootworm inthe
continuous com. Weeds were very well controlled with a preemergence application of Harness plus Bladex. None of the plots
were cultivated.

Funding provided by the Fluid Fertilizer Foundation and the University of Minnesota, Southern Experiment Station.
Assistant Scientist and Professor, respectively, University of Minnesota, Southem Experiment Station.
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Nitrogen as UAN (28% N) was broadcast applied with Agrotain to treatment No. 9 on April 18. At the V1 stage (May 31) UAN was
spoke-wheel injected 4" deep about 2 to 3" from the row on one-half of the plots whereas anhydrous ammonia (AA) was injected
about 7" deep midway between the rows. The N rate used was 160 lb N/acre for continuous com and 120 lb N/acre for com after
soybeans. i j

Surface residue measurements using the line transect method were taken at a 45° angle to the rows periodically during the
season. Emergence rate was determined by daily counting the number of plants that had emerged from 30 feet of row in each
plot. This was done until no more plants emerged (June 12). Final plant population was determined from 120 feet of row in each
plot on June 21. Middens, a small hut formed from residue around a night crawler's burrow, werecounted ina 10 ft2 area in each
plotat four times during the season. Extended-leaf plant heights were determined from 10 plants per plot on July 1. Grain yields
and moisture content were taken on October 21 by harvesting the center two rows of each plot with a JD3300 plot combine. The
stalks were not chopped prior to snowfall In November.

RESULTS

Continuous Com

Surface residue coverage was extremely high throughout the season and is reflective of the high yields of very durable stover
produced by the hybrid grown in 1994 and 1995 (Table 1). Coverage totaled nearly 100% on April 11 and decreased to about
70% by August 30. At the time of com emergence coverage averaged about 90%. Residue cleaners did not have a lasting effect
on clearing the residue from the row. High winds redistributed some of the residue back on the row before measurements were
taken. Residue coverage was less after N application where AA was knifed in compared to the spoke wheel injection of UAN.

Table 1. Surface residue accumulation as influenced by row cleaners and method of N application in continuous
com andcom-soybean no-till cropping systems in 1996.

Continuous Com !
Trt.

No.

N

Source

Row

Cleaner

3 UAN No

4 AA No

7 UAN Yes

8 AA Yes

9 UAN Yes

Dale
-4TTI 5735 77T7 8730- "47TT

Com after Soybean
Bali

"5730 77TT •8730-

100 95 94 74 97 85 77 57

98 91 77 64 97 77 58 53

99 98 92 74 98 81 74 60

99 90 77 70 96 80 63 46 {J
98 90 90 72 97 76 77 61

Com emergence was very slow in 1996 due to cold temperatures in May (Figure 1). Soil temperature at the 2-inch depth on
residue-free soil averaged only 56.1"F for the month. Com did not begin to emerge until 18 days after planting and continued to
emerge during the following 12-day period. Row cleaners resulted in 1 to 2-day earliercom emergence. Starter fertilizer delayed
com emergence about 1 day.

Figure 1. Emergence rate of continuous com as influenced by row cleaners and starter fertilizer in 1996.

Percent Emerged

100

27 30 33

Days After Planting

N-RC, N-S

36 39 u
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Midden counts were extremely low in all continuous com plots through July (Table 2). Counts were not taken again in 1996
becausethey were so low, indicating almost a complete lack of night crawler activity.

r)nt heights, taken on July 1.weresignificantly increased about2 inchesby spoke-wheel injected UAN, row cleaners, andstarter
.ortillzer compared to injected AA, no-row cleaners, and no starter fertilizer (Table 3). The highly significant interaction between
N source and starter fertilizer was due to no increase in plantheight with starter fertilizer when UAN was used but a 4.5" increase
for starterfertilizer when AA was used. Apparently the N inthe spoke-wheel injected UAN stimulatedearlyplantgrowth and starter
fertilizer was not necessary. Starter fertilizer, however, did enhance early growth when AA was applied 15" from the row.

Final plant population was notdirectly affectedby Nsourceorrow cleaneruse (Table 3). Starter fertilizer reduced plant population
by 3% (850 plants/acre) when averaged across rowcleaners and N sources. The significant interaction between N source and
row cleaners was due to the plant population being 1200 plants/acre lower when row cleaners were not used and UAN was
applied; however, when AA was applied, row cleaners had no effect on population.

Grain yield was increased 4.6 bu/acre with the use of row cleaners whenaveraged across Nsources andstarter fertilizer (Table 3).
The main effects of N source and starter fertilizer did notaffect com grain yield; however, the interaction was highly significant.
When UAN was used, yield was not affected by starter fertilizer. On the other hand, an 8.3 bu/acre response to starter was
obtained when AAwas used. Preplant broadcast application of UAN +Agrotain resulted ina statistically significant yield decrease
of 7.5 bu/acre compared to the spoke-wheel application of UAN.

Table 2. Midden counts as influenced by row cleaners and method of N application in continuous com and corn-
soybean rotation no-till cropping systems in 1996.

N

Source

Row

Cleaner

continuous Com Com after Soybean
Trt. uate Uate

No. 4/11 5/30 7717 4711 5/30 7/11 8730
Middens/10 sq. feet

3 UAN No 0.1 0.3 0.0 2.4 5.3 9.5 19.0
4 AA No 0.4 0.0 0.1 2.8 7.1 4.6 12.5

7 UAN Yes 0.6 0.4 0.4 3.0 7.9 8.3 21.9

8 AA Yes 0.3 0.3 0.1 2.4 6.5 3.5 13.4

n9 UAN Yes 0.5 0.8 0.3 3.6 9.0 9.8 23.1

Grain moisture was one-half point lower with the use of starter fertilizer when averaged across N sources and row cleaners
(Table 3). Similar to grain yield, a highly significant interaction occurred between N source and starter fertilizer. Grain moisture
was one point lower when starter fertilizer was used with AA, but moisture was not affected by starter fertilizer when UAN was
used.

Nitrogen concentration in the com grain was not affectedby treatment maineffects (N source; rowcleaner, and starter fertilizer).
The significant interaction between N sourceand row cleaner (P value 0.053) was a result of greater N concentration inthe com
grain with UAN when row cleaners were not used compared to greater N concentration in the grain with AA when row cleaners
were used. Grain N uptake was not affected by treatment application.

Corn-Soybean Rotation

Surface residuecoverage was very highthroughout the season because both soybean residue from 1995and com residue from
1994 were present (Table 1). Similar to continuous com, wind redistributed the residue after planting, and measurements taken
4 weeks after planting showed no effect of row cleaners on surface residue coverage. Measurements taken 6 weeks after N
application show consistentlylower residuecoveragewith the AAtreatment Atthe end of August residuecoveragestill exceeded
50% and was consistently higher for the spoke-injected UAN treatments.

Com emergence started 18 days after planting and was complete within a 10-dayperiod (Figure 2).
influenced by row cleaners or starter fertilizer.

Emergence rate was not

Midden counts, an indication of nightcrawler activity, were much higherinthe com-soybean rotation compared to continuouscom
and continued to increase during the season(Table 2). Prior to Napplication, noconsistent differences were evident among the
treatments. However, after N application midden counts were substantially lower for the AA plots compared to the UAN plots.
This was likely due to the disturbance of theirhabitat by the knife injection of AA and possibly some mortality associated with the
caustic nature of AA.
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Figure 2. Emergence rate of com following soybeans as influenced by row cleaners and starter fertilizer in 1996.
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Table 3. Plant height, final population, com grain yield, grain moisture, grain N concentration, and N uptake as
affected by N source, rowcleaners, and starter fertilizer ina no-till continuous com system In 1996.

U

Treatments Plant Com Grain

No. N source RC SF Height Population Yield Moist N
%

NUp.
inch pl/acre bu/acre % lb/acre

1 UAN No No 31.4 27100 130.1 21.2 1.12 69.0
2 AA No No 28.1 29060 126.9 21.8 1.07 64.0
3 UAN No Yes 31.2 26100 128.0 21.4 1.15 69.4 , .
4 AA No Yes 31.4 27120 135.7 21.1 1.11 71.3 ^J
5 UAN Yes No 34.4 28350 137.5 20.9 1.07 68.9
6 AA Yes No 28.4 27150 129.3 22.1 1.17 71.5
7 UAN Yes Yes 34.3 27280 135.1 21.0 1.11 71.1
8 AA Yes Yes 34.0 27730 137.1 20.8 1.18 76.3
9 UAN Bdct Yes Yes 33.6 27770 127.6 20.8 1.11 67.1

Statistical analvsis of main effects for 2* factorial desion
N Source (NS.

UAN 32.8 27210 132.7 21.1 1.11 69.6
AA 30.5 27760 132.3 21.4 1.13 70.8
Pr. > F: <0.001 0.156 0.830 0.093 0.527 0.544

Row Cleaner (RC)

No 30.5 27340 130.2 21.4 1.11 68.4
Yes 32.8 27630 134.8 21.2 1.13 72.0
Pr. > F: <0.001 0.459 0.025 0.273 0.502 0.075

Starter Fertilizer /SF)

No 30.6 27910 131.0 21.5 1.10 68.4
Yes 32.7 27060 134.0" 21.0 1.14 72.0
Pr. > F: <0.001 0.034 0.126 0.019 0.326 0.066

Statistical analvsis of Interaction effects for 2* factorial desion

0.174 0.371 0.053NS x RC (Pr. > F) 0.141 0.023 0.161
NS x SF (Pr. > F) <0.001 0.646 0.011 0.005 0.843 0.222
RC x SF (Pr. > F) 0.273 0.120 0.861 0.336 0.874 0.927
NS x RC x SF (Pr. > F) 0.325 0.101 0.922 0.533 0.634 0.575
CV. (%) 4.7 3.9 4.1 2.4 7.8 7-6 U
Contrast analysis of treatment 7 vs 9

Injected vs Bdct (Pr. > F) 0.497 0.496 0.051 0.621 0.905 0.306
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Plant heights, taken on July1, were about4 incheshigher for the starter fertilizer treatmentswhen averagedacross N sourceand
rowcleaner treatments (Table 4). NeitherNsource norrowcleaneraffected plantheight, and there were no significantinteractions
among N source, row cleaners, or starter fertilizer.

. lant population was not affected by Nsourceor row cleaneruse, but similar to continuous com, it was reduced about 5% (1400
plants/acre) with starter fertilizer when averaged across N sources and rowcleaners (Table 4).

Com grain yield following soybeans was not affected by N source, row cleaners, or starter fertilizer (Table 4). However, yields
averaged about 28 bu/acre more than did continuous com. Preplant broadcast application of UAN + Agrotain resulted in a
statistically significant yield decrease of 10.5 bu/acre compared to the spoke-wheel injection of UAN. This was similar to the
continuous com plots and suggests that broadcastUAN may be immobilized by the high amount of residue on the soil surface.

Grain moisture content at harvest was not affected by any of the treatments.

Nitrogen concentration inthe com grain was notaffected by treatment main effects (N source, row cleaner, and starter fertilizer).
The significant interaction between N source and starter fertilizer (P = 0.047) occurred because grain N concentration was not
affected by starter fertilizer when UAN was used;whereas grain N increased 0.09 percentage points with starter fertilzier when
AA was used.

Table 4. Plant height, final population, com grain yield, grain moisture, grain N concentration, and N uptake as affected
by N source, row cleaners, and starter fertilizer in a no-till com-soybean rotation in 1996.

i reatments Plant uorn urain

No. n source HO s> population Height Yield MOlSt. N N Up.
pt/acre inch bu/acre % % lb/acre

1 UAN No No 29090 34.5 158.2 23.1 1.15 85.6

2 AA No No 28660 32.3 160.4 23.0 1.18 89.0

3 UAN No Yes 27390 37.0 158.3 23.0 1.14 84.9

4 AA No Yes 27620 37.9 163.8 23.2 1.24 96.2

5 UAN Yes No 28550 34.7 158.2 22.9 1.21 90.7

6 AA Yes No 29370 33.6 160.8 23.2 1.12 84.9

-s7 UAN Yes Yes 27230 38.1 163.8 22.3 1.18 91.8

^8 AA Yes Yes 27860 37.2 159.5 22.7 1.23 92.4

9 UAN Bdct Yes Yes 27720 38.5 153.3 22.3 1.19 85.8

Statistical analvsis of main effects for 2' factorial design

N Sourcei(NS)
UAN 28060 36.1 159.6 22.8 1.17 88.3

AA 28380 35.2 161.1 23.0 1.19 90.7

Pr. > F: 0.454 0.150 0.478 0.376 0.406 0.366

Row Cleaner (RC) -

No 28190 35.4 160.2 23.1 1.17 88.9

Yes 28250 35.9 160.6 22.8 1.18 90.0

Pr. > F: 0.886 0.380 0.854 0.283 0.685 0.686

Starter Fertilizer (SF)

No 28920 33.7 159.4 23.0 1.16 87.6

Yes 27520 37.6 161.4 22.8 1.20 91.3

Pr. > F: 0.003 <0.001 0.365 0.327 0.197 0.157

Statistical analvsis of Interaction effects for 2s factorial design
0.266 0.547 0.083NS x RC (Pr. > F) 0.324 0.734 0.067

NS x SF (Pr. > F) 0.769 0.150 0.682 0.682 0.047 0.182

RC x SF (Pr. > F) 0.955 0.602 0.924 0.283 0.829 0.839

NS x RC x SF (Pr. > F) 0.606 0.175 0.235 0.866 0.551 0.888

CV. (%) 4.1 4.3 3.7 3.2 6.2 8.1

Contrast analysis of treatment 7 vs 9

Jnjected vs Bdct. (Pr. >F) 0.540 0.740 0.020 1.000 0.960 0.229
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THE EFFECTS OF RESIDUE MANAGEMENT AND HERBICIDE APPLICATION METHODS

ON LOSS OF AGRICULTURAL CONTAMINANTS IN SURFACE WATER *

N.C. Hansen,J.F. Moncrief, and S.C Gupta*

ABSTRACT

Tillageand herbicide application method are being evaluated on runoff plots in Scott County, Minnesota. This report
includes the firstand second years of a three year continuouscom study inwhich runoff losses of sediment, herbicides,
phosphorus, and chemical oxygen demand are being evaluated. Tillagetreatments are moldboard plow, chisel plow, and
ridge tillage and the preemergent herbicides alachlor and cyanazine are applied by broadcasting or banding methods.
Tillage effects on runoff and contaminant loss differed between snowmelt and rainfall induced runoff. Snowmelt runoff
represented the largest fraction of annual runoffand was in the order of ridge till>chiselplow>moldboard plow. For rainfall
induced runoff, the order was moldboard plow>chiselplow>ridgetill. Surface residue associated with the ridge tilland
chisel plowsystems was effective in reducing soil loss, especially following planting and before canopy closure.
Phosphours loss in rainfall runoffwas lower from the ridge tillsystem than from the other tillage systems but on an annual
basis the three tillage systems lost similar amounts of total P. For ridge tilled plots the majorityof P loss was lost as
soluble P in snowmelt runoff,while for chisel and moldboard plowed plots, P losses came from snowmelt and rainfall
induced runoff. Total loss of COD was lower in the ridgetill system than in the chisel and moldboard plowsystems.

Banding of herbicides significantly reduced herbicide loss for the moldboard and chisel plow systems. Losses from the
ridge till system were low regardless of application method. Following cultivation,weed control was similar for both
herbicide application methods, and yield did not differ. However, ifcultivationwas not performed, high weed pressure and
yield losses would be expected when herbicides are applied in a band. For broadcast application, runoff losses of alachlor
and cyanazine were inthe order of moldboard plow> chisel plow> ridgetill. Thus, herbicide banding and/or conservation
tillageare effective management toolsfor reducing herbicide losses to surface runoff.

INTRODUCTION

Contamination of surface and ground waters from sediment and land applied agricultural chemicals is a significant concern. {^J
Among the contaminants, nitrate, phosphorus, and sediment have receivedthe most attention. The primary concernwiththe
Minnesota River is biochemical oxygen demand (BOD), phosphorus (P), and suspended solids primarily from diffusesources
during high flow years. Several high use herbicides havebeen detected inthe Minnesota River and itstributaries. Use of tillage
approachesthat manage crop residue, such as no-till, ridge till, and chiselplowing systems, have been promoted fprsustainable
production and for reducing runoff and contaminant losses from agricultural fields, these methods are effective in reducing upland
erosion duringthe critical periodbetween plantingand canopy development and therefore reducingthe contribution of sediment to
streams and rivers. This study was designed to assess the impactof moldboardplowing vs. ridgetilling or chisel plowing on runoff
and loss of sediment, herbicides, phosphorus, oxygen demand. The specific objectives of this study are

1. To compare runoff, contaminant loss, and yieldsfrom plots managed withmoldboard plow, chisel plow, or ridgetill based
systems.

2. To evaluate seasonal differences in runoff and contaminant losses from various tillage systems.

3. To assess and demonstrate the impacts of herbicide applicationmethod on the loss of pesticides insurface water.

MATERIALS AND METHODS

The plots are located on the Ed Nytes farm in Scott County, Minnesota. They are situated on a cropped hillslopewith southerly
aspect and 10% slope. The field drains into Raven Creek, a tributary of Sand Creek in the LowerMinnesota Riverbasin. Soil
types at the site are Clarion silt loam (Typic Hapludoil, fine-loamy, mixed, mesic) and a Lakeville-Burnsville gravely sandy loam
(Typic Hapludatfs, coarse-loamy, mixed,mesic). In1995, eight rectangular runoff plotswere established. Treatments were ridge

' Support for thisproject was provided bythe Metropolitan Council. Their support isgreatly appreciated.
2N.C Hansen is a graduate student and J.F. Moncrief and S.C.Gupta are professors inthe Department ofSoil Water and
Climate at the University of Minnesota, St. Paul, MN 55108
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MATERIALS AND METHODS

//^t\e plots are located onthe Ed Nytes farm in Scott County, Minnesota. They aresituated ona cropped hillslope with
' Jtherly aspect and 10% slope. The fielddrains into Raven Creek, a tributary of Sand Creek in the LowerMinnesota River

basin. Soil types at the site are Clarionsilt loam (Typic Hapludoll, fine-loamy, mixed, mesic) and a Lakeville-Burnsville
gravelysandy loam (Typic Hapludalfs, coarse-loamy, mixed, mesic). In 1995, eight rectangular runoff plots were established.
Treatments were ridge till and moldboard plow incombinationwith broadcast or band herbicide application methods. In 1996,
twelve plots were established and treatments were ridge till, moldboard plow, and chisel plow in combination with broadcast
or band herbicide application. For both years tillage was done up and down the slope. Treatments were replicated twice and
arranged ina randomized complete blockdesign. Each plotwas 10 feet wideand 70 feet longup and down the slope. Plots
are bordered on the top and two sides with corrugated sheet metal driven verticallyfour inches into the soil and overlapping
adjacent sheets to prevent leakage into or out of the plots. Galvanized steel runoffcollectors are installed on the downslope
end of each plot to collect and channel runoff into a four inch PVC pipe. The pipe delivers water to a tipping bucket flow
meter that is monitored withmagnetic closure switches and a datalogger (CampbellScientific CR10). Composite runoff
samples from each plotwere taken foreach event in both a one gallonglass collection bottle (forherbicideanalysis) and a 6
gallonplastic container (forphosphorus, oxygen demand, and sediment determinations).

Water samples were retrieved immediately following each runoff event and determinationsare made for total sediment, total
phosphorus, soluble phosphorus, chemical oxygen demand, and herbicide concentrations. Sediment trapped inthe collection
pans and tipping buckets was also collected,dried, and weighed following each event. Total solids were determined
gravimetrically on evaporated sample aliquots. Chemical oxygen demand was determinedusingthe accu-TEST COD
method. Soluble P determination was made colorametrically on prefilterd samples (0.45 urn). Total P was determined
colorametrically on samples following a completenitric/perchloric acid digestion. Aqueous phase herbicide isolation was by
prefiltration with Whatman GFF glass fiberfilters followed by C-18 solidphase extraction. Analysis was performed using high
resolution,fused silica capillarygas chromatography coupled with a mass spectrometer. The liquid phase fraction generally
represents 80-90% of total herbicide loss for alachlor and cyanazine.

Com was planted on May 20,1995 (Pioneer 3737) and May 02,1996 (Pioneer 3751). Alachlor(lasso) and cyanazine
(bladex) were applied on May24,1995 and May 17,1996 by either banding or broadcasting. Applications were made with a
CO, backpack sprayer at a delivery rate of 20 gallons peracre. Broadcast application was made using Delvan 80° flat fan

r"Nzzles and the rates were 2.0 quarts a.i./acre for alachlor and 1.8 quarts aJVacre for cyanazine. Banded application was
Jne in a ten inch band over the 30 inch row and application rates were one third of the broadcast rates. All treatments were

cultivated one time on July 05,1995 and on June 26,1996.

Rain depth and intensity were monitored with a tipping-bucket rain gauge. Snow depth and density were determined
manuallywitha snow tube throughout winterand spring. Percent residue cover and percent weed cover is measured by the
NRCS line transect method before and after planting and cultivation. Yieldwas assessed by hand harvesting two 30 foot
rows for each plot.

RESULTS AND DISCUSSIONS

Precipitation and Runoff

Total rainfall recorded on site from the period of March 10 to December 31,1995 was 24.0 inches, resulting in 16 individual
runoff events. Total depth of runofffor this time period averaged 1.6 inches for moldboard plowed plots and 0.88 inches for
ridgetill plots. Figure 1 shows the cumulative rainfall and runoff hydrographsfor both tillagetreatments. Volumeof runoff
was not affected by herbicide application method. The 1995 cumulative runoff is dominated by the snowmelt event (March
10-12) and a high intensity rainfall event occurringshortly after planting(June 07). For the snowmelt event, runoff averaged
0.30 inches from ridge till plots and 0.03 inches from moldboard plowed plots. Ridge tilledplots retained two times more
snow on the surface than the moldboard plowed plots and had ten times the volume of runoff. Moldboard plowing minimizes
snowmelt runoff by leaving a rough surface with large surface depressional storage. Ridges trap more snow and have little
storage area when ridges are built parallelto the slope. The snowmelt event of March 10 does not represent the total
snowmelt for 1995 because the plots were installed after the major snowmelt events for that year. The June 07 runoff event
resulted from a 1.5 inch rain storm occurring in less than one hour and is the most intense rain event that has occurred during
this study. This event occurred after planting and before canopy closure, which corresponds to the period of highest
susceptibilityto erosive loss. Average runoff from the moldboard plowed plots for this event was 1.0 inches and for ridge

/"""''Jed plots was 0.5 inches.
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For 1996, annual rainfall was below average at 23.3 inches. Runoff for 1996 averaged 7.6 inches for ridge tilled plots, 6.8
inches for chisel plowed plots, and 3.2 inches for moldboard plowed plots (figure 1). Snowmelt runoff was 90 percent of the
annual total for ridge tilled and chisel plowed plots and 80 percent for moldboard plowed plots. Moldboard plowed plots had
less runoff than the other tillage systems because runoff is limited bysurface roughness priorto planting. However, for I)
events just after planting in early May, runoff from moldboard plowed plots was greater than for ridge tilled and chisel plowecr
plots (figure 2). These differences were less significant later in the summer. This illustrates that residue cover is effective in
reducing runoff during the critical period following planting and prior to canopy closure. Although runoff after planting is less
than 10% of annual runoff, this corresponds to the period of greatest susceptibility to erosion and herbicide losses. In
general, the volume of runoff from ridge tilled and chisel plowed plots was greater than for moldboard plowed plots during
snowmelt events and rain induced events prior to planting. Following planting, runoff volume was in the order of
moldboard>chisel>ridge till and was inversely related to the percent surface residue cover left by each tillage system (Table
D-

Table 1. Percent cover between crop rows of moldboard plowed, ridge tilled, and chisel plowed plots. Determination were
made using the NRCS line transect method on April 01, June 15, and September 14 for 1995 and April26, June 25, and July
23 for 1996.

Pre-plant

%

Post-plant/
Pre-cultivation

%

Post-cultivation

%

1995 Moldboard

Ridge till

13

96

7

89

1

29

1996 Moldboard

Ridge till

Chisel plow

10

93

40

18

63

33

14

50

21

Erosive Loss

o

Total solids lost from plots during 1995 averaged 6000 lbs/acre for moldboard plowedplots and 560 lbs/acre for ridge tilled
plots (figure3). The June 07 event dominated annual sediment loss and illustrates the effectiveness of crop residue in
reducing erosion during high intensity rainfallevents. This event also illustrates that the most severe soil loss occurs from
single intense rainfall events. For the June 07 event, runoffvolume from ridge till plots was half that of moldboard plow plots
and sediment concentration was four times less. Runoff events occurring during June were responsible for 98 % of the
annual loss of sediment from moldboard plowed plots. For ridge tilled plots, sediment loss during the snowmelt event was a
significant portion of the annual total.

For 1996, the loss of total solids was 1900 lbs per acre for moldboard plowed plots, 1400 lbs per acre for chisel plowed plots,
and 780 lbs per acre for ridge tilledplots (figure3). Soil loss in 1996 was less than in 1995 because 1996 was drier than
1995 and spring precipitation was not as intense. However, a large percentage ofsoil loss stilloccurred in the month of June.
The ridge till system was very effective in reducing erosion during this critical periodwhilethe chisel plowsystem was less
effective but was better than the moldboard plow based system.

Phosphorus Loss

Loss of soluble P from moldboard plowed plots averaged 0.23 lbs/acre during the 1995 experimental period, while ridge till
plots averaged 0.17 lbs/acre (figure 4). Concentrations of soluble P duringsnowmeltrunoff were relatively high for both
tillagesystems and the high runoff volumefrom ridgetilled plotscontributeda substantial fraction of the annual P loss. In
rainfall induced runoff events, lower runoffvolume for ridge tilledplots than for moldboard plowed plots was offset by higher
concentrations of soluble P. In reduced tillage systems such as ridge till, the surface soil can have elevated P levels due to
lack of incorporationand the residue can also be a source ofsoluble nutrients in runoff water. On four individual events,
loading ofsoluble P from ridge till plots exceeded thatfrom moldboard plots despite a smaller volume ofrunoff. Loss oftot/ )
P (for11 events between 6/6 and 9/30) was 3.3 lbs/acre for moldboard plowedplots and 0.65 lbs/acre for ridge tilledplots
(figure 5). In1995, the majority of total P lost was particulateP and thus, ridgetilled plots had a lowerloadingof total P than
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moldboard plowed plots. It appears, however, that the snowmelt runoff is a critical part of annual P transport. The data from
1995 only includes one snowmelt event from snow that fell after the major snowmelt occurred.

/"\ 996, the dominant form of phosphorus loss differed greatly between snowmelt and rainfall induced runoff events. During
snowmelt erosion was low, and the majority of P lost was in the soluble form. During rainfall induced runoff, the majority of P
lost was associated with eroded sediments. Soluble and total P losses during snowmelt were greatest from ridge tilled plots
in 1996, with 80 percent as soluble P (figures 4 and 5). During rainfall, total P loss followed the order of total solids loss and
was moldboard>chisel>ridge till. The reduction in loss of total phosphorus in the ridge tillsystem during rainfall was offset by
the higher losses of soluble P in snowmelt and the annual total P loss did not differamong tillage (range 3.3 - 3.6 lbs acre').
Thus, the contribution of soluble P lost during snowmelt must be considered when conservation tillage systems are
recommended for control of phosphorus in runoff.

Chemical Oxygen Demand

In 1995, the total loss of COD was 188 lbs/acre for moldboard plowed plots and was 45 lbs/acre for ridge tilled plots, with the
majority coming from the June 07 event for both tillage systems (Figure 7). The snowmelt runoff event did not contribute a
large amount of COD to the annual total. In 1996, losses runoffof COD were 170,150, and 120 lbs/acre for chisel plowed
plots, moldboard plowed plots, and ridge tilled plots respectively. Although total COD losses were similar for moldboard and
chisel plowed plots, they differed in seasonal contribution. Chisel plowed plots lost more COD during the snowmelt period,
while moldboard plowed plots lost more from rain induced runoff. The majority of loss from ridge tilled plots was also during
the snowmelt events and losses from rain induced runoff were much less than moldboard and chisel plowed plots. Losses of
COD from rainfall induced runoff were 100,71. and 48 lbs/acre for moldboard, chisel, and ridge till respectively. Thus, losses
of COD differed seasonally among tillage systems and total loss was lowest for the ridge tillsystem.

Herbicide Loss

/"•"oss of herbicides to surface water is of greatest concern when a runoff event occurs within one or two weeks following
.temical application. In 1995, herbicide application was made on May 24 and four subsequent runoff events were chosen for

herbicide analysis. Light rains that did not induce runofffollowed herbicide application and some of the chemical likely moved
below the zone susceptible to runoff loss. A small runoff event occurred on June 05 and both herbicides were detected in
runoff samples (Tables 3 and 4). For both tillage treatments, banded application significantly reduced the amount of herbicide
loss. Loading from moldboard plowed plots was greater than from ridge tilled plots for both application methods due to the
greater volume of runoff. Additional herbicide analysis was made for June 23,25, and 26 events. There was no runoff from
ridge till plots for the June 23 and 25 events and only a very small volume for the June 26 event. These events show a
significant reduction in herbicide loss due to band application in either tillage method. Banding reduced the mass of
herbicide applied to one third that of broadcasting but reduced the runoff losses of herbicide by 5 and 12 times for alachlor
and cyanazine respectively. Ridge tillage reduced total herbicide loss by limiting the amount of runoff.

In 1996, herbicide application was made on May 17 and seven runoff events followed. The effect of application method on
herbicide concentration is illustrated in figure 7. Concentrations of alachlor and cyanazine were high in the first event
following application and decreased exponentially thereafter. Banding significantly reduced the concentration of both
herbicides in runoff. Tillage effects on herbicide concentration were generally not significant and were variable with time.
However, tillage did affect losses of herbicide because of differences in runoff volumes among the tillage systems. The
effects of application method, tillage system, and their interaction on losses of alachlor and cyanazine are shown in figure 8.
For broadcast application, runoff losses were in the order of moldboard>chisel>ridge till. Banding reduced total losses for the
moldboard and chisel plowed plots. For the ridge tillsystem, losses were low regardless of application method because the
volume of runoff was low for these events. Thus, conservation tillage and/or banding may be effective management
strategies for reducing herbicide losses to runoff.

The success of band application of herbicides depends on the ability to control weeds in-between the bands by cultivation.
For some years, wet soils prevent cultivation and significant weed pressure and yield reductions will result when banding was
used rather than broadcast application. For this study, weed density was measured before and after cultivation. Before
cultivation, weed cover was 62% between the rows on plots with banded herbicide application and was 27% on plots with
broadcast herbicide application. However, following a single cultivation, weed cover was reduced to 1% for both treatments.

^"""Yeed density did not differ with application method within the10inch band.
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Yield

Corn yields in 1995 averaged 118 bu/acre for moldboard plowed plots and 107 bu/acre for ridge tilled plots. In 1996 yields
were129,123, and 116bu/acre for moldboard plowed, ridge tilled, and chisel plowed plots respectively. Effects of tillage aril
herbicide application method were not significant for either year.

Table 3. Loading of Alachlorfromselect runoffevents from moldboard plowed plots (MB) and ridge till plots (RT).

Total Loadinq of Alachlor (mq/hectare)
Event Date Runoff (in)

MB RT

Banded Application
MB RT

Broadcast Application
MB RT

June 05-06 0.12 0.06 1761 227 6454 1309

June 23 0.04 0.0 68.1 - 577 -

June 25 0.06 0.0 65.5 - 238 --

June 26 0.08 0.001 94.1 1.65 729 0.83

Total 0.30 0.061 1989 228 7998 1310

% of Applied 0.25 0.03 0.36 0.06

Table 4. Loading of Cyanazine from select runoff events in 1995.

Total Loading of Cyanazine (mq/hectare)

Event Date Runoff (in)
MB RT

Banded Application
MB RT

Broadcast Application
MB RT

June 05-06 0.12 0.06 356 496 7780 6801

June 23 0.04 0.0 90.6 - 1271 -

June 25 0.06 0.0 238 - 838 -

June 26 0.08 0.001 366 6.4 1691 3.9

Total 0.30 0.061 1051 502 11580 6805

% of Applied .. — 0.15 0.07 0.57 0.33

CONCLUSIONS

u

• Annual runoff was highest from ridge tilledplots because of higher snowmelt runoff. Fall moldboard plowing limited
snowmelt runoff, but chisel plowing did not.

• Surface residue associated withthe ridge tilledand chisel plowed plots reduced runoff and erosion from spring rains
following plantingand before canopy closure. Annual soil loss was in the order of moldboard plow>chisel plow>ridge till.

• Phosphorus losses differedseasonally among tillage systems. Ridge tilled plots had higher losses of P in snowmelt
runoff than the other tillagesystems and soluble P was the dominant form. Phosphorus losses from rain induced runoff
followedthe order of soil loss and particulate P was the dominant form. On an annual basis, total P losses were similar for all
tillage systems.

• Chisel plowed and ridge tilled plots had lowerlosses of broadcast applied herbicides than moldboard plowed plots.

• Banding reduced herbicide losses from moldboard and chisel plowed plots. Losses from ridge tilledplots were low
regardless of application method.

U
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EFFECT OF NITROGEN AND SULFUR ON CANOLA -1996

R.K. Severson, CD. Holen, G.W. Rerun""

Abstract

Specific fertility recommendations for nitrogen and sulfur are currently not available in Minnesota. This study
evaluates the effect of three rates of nitrogen and four rates of sulfur applied to canola in a split-plot design on yield,
test weight and oil percent. Nitrogen rates had no effect on yield or test weight and significantly decreased oil
percentage as nitrogen rates were increased. Sulfurrates statistically did not effectyield, test weightor oilpercent
however a trend was evident that yield and oil percent increased withthe addition of sulfate-sulfuraveraged over
nitrogen rates.

Introduction

The annualworldwide production ofcanola is approximately 4 million acres. Canada and the European EconomicCommunity account
for about one thirdof the worldproduction. Minnesota and NorthDakota are the major U.S. production states with about 20,000 acres
grown annually. Canola is a relatively new alternative crop being produced in northwestern Minnesota. Current fertility
recommendations are based solely on research conducted in Canada. Previous research in Canada has shown that canola utilizes
about three times the sulfur compared to small grains. The objective of this study was to evaluate four sulfur rates on canola at three
nitrogen rate yield goals.

Experimental Procedure

Thisstudywas conductedin Polkcountynear Fosston in1996. Three nitrogen main effecttreatmentswere established based on yield
goalsof2000,2500ad 3000pounds ofcanolaperacre. Sulfur ratesof0,20,40 and 60 pounds ofsulfate-sulfur wereapplied ina split-
plotdesignto the main effecttreatments. Ammonium sulfatewas used as the sulfur source and supplementedwith ammonium nitrate
to achieve nitrogen rates of 130, 162.5 and 195 pounds per acre. Treatments were randomized and replicated in four blocks.
Phosphorus and potassium werebroadcastapplied to allplotsbased on soiltest results. All fertilizer treatments were appliedprior to
planting canola. Treflan was appliedpre-plant incorporation at a rate of .75 pounds active ingredient per acre. All plotswere planted
on May12,1996 and re-plantedon June 12,1996 due to a severe crusting problem. Pioneer 45-A-71 canola varietywas planted at
a final population of 15 plants per square foot. Atharvestcanola yields were measured with a Hege plotcombine and corrected to 10o/
moisture content. Oil percentage was analyzed by Dr. Jim Hanzel atNorth Dakota State University. (s j

Summary of Results

There was a significant reduction in oil percentage with increased nitrogen rates and no effecton yieldor test weight. Averaged across
nitrogen rates, no significant differences were found, however, the addition ofsulfur showed a trend to increase yield and oil percentage
as sulfur rates increased with no effect on test weight.

Status

This research project was started in 1996 and will be conducted in Polk county again in 1997.

u

" Extension Educator and Professor, Polk County; IPM Specialist, Northwest Minnesota; Professor, Department ofSoil, Water, and
Climate, respectively.

u
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NITROGEN CONSERVATION IN A LIQUID DAIRY MANURE MANAGEMENT SYSTEM WITH FLUSH WATER RECYCLING'

,-». S. M. Braum and J. F. Moncrief2

Abstract:

Dairy farms inSE Minnesota oftenhave a stronglypositive nitrogen balance. Nitrogen losses to the atmosphere
from manure storages are desirable if they occur through denitrification. Such losses reduce the amount of
nitrogen that needs to be land applied, thereby reducing possible excess fertilization which could lead to water
pollution. Theoccurrence and amountsofgaseous nitrogen losses from a liquid manuremanagementsystem with
recycled flush waterwereinvestigated ona dairy farm inWinona Co.with 150 to 165cows. The prevailing mode
of nitrogen losswasfound to be ammonia volatilization. Denitrification losses were negligible. The average daily
loss rate varied from 24.1kg N d'1 to 43.3kg N d\

Introduction

Asthey doinall acrossthe U.S., dairy herd sizes on many individual farms are increasing inSE Minnesota to maintain or increase
profitability. Along with producing more milk tosell, larger herds also generate larger amounts of wastes. When confined tobuildings
or small outside lots, the large amounts of wastesgenerated require proper handling to allow continuous operation of thefacilities
and toprevent hygienic problems. While theeconomic value of nutrients in manure for crop production is still worth consideration,
thepotential for environmental damage from excessive amounts of thesenutrients, especially N, becomes increasingly important.
In cases where the imbalance between nutrient supply from manure and their removal by crops is particularly big due to excess
nutrient influxes from bought feed, fertilizer orN-fixation (alfalfa), thecostsofcompliance may exceed the benefits derived from the
wastes. The problems of nitrogen excess and possible surface and groundwater contamination are magnified for dairy farms in SE
Minnesota becauseofthe prevailing crop rotation (alfalfa, com, soybean), thekarst geology with rapid groundwater recharge and the
topography ofan old, highly dissectederosional land surface with steep slopes and rapid runoff.

Constructed earthen storage basins havebecome a widespread meansofstoring animal wastes. In thisLCMR-funded project, we
are investigating the flow and transformations of nitrogen in a waste management system on a dairy farm in Winona Co. in SE
Minnesota over the course of twoyears. The possibility ofgaseous nitrogen losses from the system during storage is ofparticular

r/-^terest, since such losses reduce the amount of nitrogen that needs to be disposed of by land application.

Manure management systems can lose nitrogen tothe atmosphere as ammonia (NHj), nitrous oxide (N20). and dinitrogen (NJ.
Ammonia and ammonium (NH3, NH4*) are always present in manure, commonly comprising 33% ofthe total Nin liquid manure.
Several factors influence the volatilization ofammonia. Volatilization can occuranywhere liquid manure is exposed to the atmosphere;
scum matsand icecovers consequently reduce ammonia volatilization. It increases with increasing pH and temperature ofthe liquid
manure. N-losses from a manure system as nitrous oxide (N20) and dinitrogen gas (N2) require the existence of a nitrification-
denitrification cycle. Nitrate (N03) can be generated under aerobic conditions bymicrobial oxidation ofammonia. If nitrate thenenters
intoan anaerobic environment, itcan be microbially reduced to nitrous oxideor dinitrogen, which are then lostfrom the manureto
the atmosphere.

Theresearch site is the Charles Meyer dairy farm in Winona Co. Thedairy herd onthe Meyer farm was 150head in1995, which
increased to165in 1996. The milk yields (herd average) were 28,000lb or12,700kg in 1995 and 27,000lb or12,300kg in 1996. The
farm operates anearthen manure storage basin with two cells. The wastes from thedairy barn andthe milkhouse enterthefirst cell
through a submerged pipe. Most of the solids are retained in the first cell, either by sinking tothe bottom orby forming a floating scum
mat on the surface. The liquid under the mat equilibrates with the second cell through a second submerged pipe in the dam
separating the two cells. Liquid from the second cell ispumped into a storage tank and used toflush thebam, completing thecycle.
The calculated combined maximum volume of the storagecells is 8,400m3 at the specified depth of 2.44m (8ft). Due to sludge
deposition, this depth isno longer available throughout the basins, somewhat reducing the actual storage volume. Twice a year, the
contents ofcell Iarestirred up and pumped out and applied onto cropland with a traveling irrigation gun. This draws down thesecond
basin until itslevel isbelow theconnecting pipe, leaving approximately 1,054m3 ofliquid in cell II tocontinue flushing thebam. To
avoid an overflow, liquid is pumpedoccasionally from the second cellfor land application.

C*) '"This project was funded by the Legislative Commission on Minnesota Resources

2S.M. Braum (postdoctoral research associate) and J.F. Moncrief (professor) are in the Dept. of Soil. Water &Climate.
Univ. of Minnesota, St. Paul, MN 55108
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Experimental Procedure

Manure composition: Manure samples were taken at regular intervals from both cells over the course of two refill periods from 199*
to1996. The samples were analyzed for total N, ammonia/ammonium, nitrate, total phosphorus, pH, and total, volatile and ash soli J
content. ^^

System volume determination: After Meyer farms applied manure pumped from the first cell during the firstweek of May 1996, 2600g
of Liwas added to the liquid remaining in cell II. The lithium acted as a chemical tracer. By determining the Li-concentrations in both
ceils over time, the mixing and turnover of cell liquids could be monitored. If complete mixing occurred, a uniform Li-concentration
would establish itself. The time it took to reach uniformity throughout the storage basins was the time required for complete mixing.
At that point, the Li-concentration was a direct measure of the total volume of liquid circulating through the system. The volume
combined with the concentrations of N, P and K gave us the total amounts present of these nutrients. This allows us to evaluate
nitrogen losses to the atmosphere as well as planning for the application of the manure as fertilizer. The Li-tracer was useful for the
whole period of 167 days from emptying the cells in the spring until the emptying in the fall of 1996, when the storage was again
completely full without any freeboard.

Nitrogen budgeting: Forcomparison with the amount of nitrogen measured in the manure storage, the amounts of nitrogen excreted
over the given refill periods were calculated by subtracting the nitrogen in the milk fromthe nitrogen supplied by the feed ration. Feed
ration amounts and analyses were kindly provided by the Meyers. In 1995, the daily ration per cow contained 677g of N and in 1996
it was 771 g of N. The nitrogen content of the milk was assumed to be a constant 0.512%.

Results and Discussion

Convergence of the Li-concentration in the two cells of the storage occurred several weeks before the end of the second refill period,
indicatinguniform mixing (see Rg. 1). At the end of the second refill period, the lithium tracer added at its beginning minus the amount
removed from cell II in August allowed us to calculate the liquid volume of the manure storage when it is completely full. The system
volume was determined to be 6,711m3,3,229m3in cell I and 3,482m3 in cell II. These values were also used in the calculations for
the end of the first refill period, since the storage had been completely full then, too.

The amounts and chemical forms of nitrogen in the storage basins were monitored over the two refill periods. For both periods,
comparison of the total nitrogen present in the storage at the end of the refill period to the amount that entered the system through
feed indicated that substantial losses of nitrogen had occurred. The losses were calculated as follows: / ,

10/18/1995 to 5/1/1996:195 days of refill
N added with feed: 150 * 195 * 0.677kg = 19.8t
N removed by milk: (12,712kg / 365) * 150 * 195 * 0.00512 = 5.2t
N excreted by the herd: 19,802kg • 5,216kg = 14.6t
N left incell II at beginning: 1,054m3 * 1.149kgm"3 = 1.2t
Potential total N in the storage: 14,586kg + 1,211 kg = 15.8t
N found instorage at end:3,229m3 *2.014kg m-3 +3,482m3 *1.319kg m-3 = 11.11
=> N lost: 15,797kg -11,096kg = 4.7t

The 4.7t represents a 29.8% loss of nitrogen over the 195 days. This is an average daily loss of 24.11kg N.

5/9/1996 to 10/23/1996:167 days of refill
N added with feed: 165 * 167 * 0.771 kg = 21.2t
N removed by milk: (12,258kg / 365) * 165 * 167 * 0.00512 = 4.7t
N excreted by the herd: 21,245kg • 4,738kg = 16.5t
N left incell II at beginning: 1,054m3 * 1.304kgm"3 = 1.4t
N removed from cell II by pumping in 8/96:499m3* 2.111kg nr3- 1.1t
Potential total N in the storage: 16,507kg + 1,374kg -1,053kg = 16.81
N found instorage at end: 3,229m3 * 1.547kgm"3 +3,482m3 * 1.324kg m-3 = 9.6t
=> N lost:16,828kg - 9,605kg = 7.2t

The 7.2t represents a 42.9% loss of nitrogen over the 167 days. This is an average daily loss of 43.25kg N.

Most of the nitrogenin the manure was in the organicform. Ammoniacal nitrogen(NH3 and NH/) represented between 34% to 50%
of the total N. Nitratewas detected only sporadicallyin very small concentrations. Since nitrification is a prerequisite fordenitrification,
nitrogen losses by denitrification must be assumed to have been negligiblealso. The pathway for nitrogen loss from the system must
therefor be ammonia volatilization. At the beginning of the study itwas hoped that substantial losses would occur by denitrificatir
Such losses are preferable to losses as ammonia because the nitrogen is then lost primarily as dinitrogen which is not available \^_j
plant uptake and therefor non-polluting. Larger amounts of nitrous oxide could be problematic because N20 is a greenhouse gas,
however, itconstitutes generally onlya smalt fraction of the nitrogen lost in denitrification. Substantial atmosphericlosses as ammonia
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are a mixed blessing. While they certainly help reduce the amount of environmentally active nitrogen that needs to be disposed of
through land application on the farm in question, such losses are actually contributions of available N to the ecosystem. Ammonia

/-Sthe atmosphere can be taken up directly by plants, or it can enter the soil by precipitationor dry deposition. This leads to increased
]il nitrogen and soil acidification, which are especially problematic in poorly buffered and nitrogen-limited natural ecosystems. For

these reasons, ammonia in the atmosphere is considered a severe environmental problem in Europe, with emissions from livestock
operations being the most important source.

The losses that occurred from the system at the Meyer farm have two possible areas of origin:the livestock buildings and the manure
storage cells, because at these two locations, the manure is exposed to the atmosphere. Measurements of the ammonia volatilization
from the manure storage will be made in the first half of 1997 to assess its share of the losses. We will also continue to monitor
nitrogen inthe system to determine ifthe higherrateof loss for the second refill period was due to climatic factors (summer vs. winter),
or if it was caused by the installation of a more efficientaerationsystem in the springof 199Sincell II.

r~)
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Fig.1: [Li] in Cells I and II
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