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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.
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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
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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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r>

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^


