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1991 Precipitation Summary

Gregory J. Spoden1

For the second consecutive year precipitation over much of Minnesota was exceptionally heavy. Annual
precipitation totals of over 40 inches were common in the southern half of the state. Fig. 1 and 2. A 40
inch annual total is quite rare for most locations in Minnesota. All-time record precipitation totals
were reported for several communities. Many areas exceeded the historical annual precipitation average
by more than a foot. Only in isolated sections of southwestern, northwestern, north central, and
northeastern Minnesota were conditions slightly drier than normal.

Much of 1991's excessive precipitation fell during April and May, creating a multitude of problems for
agricultural operations. The April-May rainfall ranked in the 95th percentile for many locations.
Fortunately, the month of June turned relatively dry allowing for a resumption of field activities.
Extraordinarily heavy precipitation returned again in September, and with the ice and snow of November,
Fig. 3.

A great deal of northwestern Minnesota received normal to above normal precipitation in 1991, Fig. 2.
However, a continuation of above normal precipitation is needed in 1992 for that region of the state to
rebound from five years of drought conditions. In the northwest, soil moisture reserves remain quite
short in fields where longer season row crops were grown in 1991.

'Gregory J. Spoden is Assistant State Climatologist, Div. of Waters, Department of
Natural Resources, State of Minnesota.
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1991 Annual Precipitation
(Preliminary)

Prepared by:

State Climatology Office
D.N.R. - Waters
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ANNUAL PRECIPITATION TOTALS AT MINNESOTA

AGRICULTURAL EXPERIMENT STATIONS1

Donald G. Baker and David L. Ruschy2

A brief review of the precipitation records at five Minnesota
Agricultural Experiment Stations is presented.

Several of the Minnesota Agricultural Experiment Stations have precipitation records that exceed a
century (Crookston, 1890 -; Morris, 1886 -;) or are approaching it (Waseca, 1915 -), Fig. 12-16. The
longest of these (Morris, Fig. 14) shows a slightly positive trend over the 106 years. This was also
found to be true for the Eastern Minnesota record (not shown) which dates from 1837. In contrast, the

Crookston record does show an overall declining linear trend in annual precipitation amounts with a
decrease of 1.9 inches in the last 102 years.

The marked increase at Waseca (Fig. 16) from 1915 to 1991 as a linear trend equals 7.9 inches, and at
Morris during the same period the linear trend equals an increase of 1.7 inches. At Crookston it equals
only 0.6 inches over the 1915-1991 period.

The years 1936 and 1976 stand out when a minimum total is looked for within the indicated record periods,
as shown in Table 1, while the maximum occurred in several different years.

Table 1.
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Fig. 12.

Maximum and minimum total annual precipitation amounts and years of occurrence.

Station

Crookston

Lamberton

Morris

UofM,St.Paul

Waseca

1880
1890 "— 1910 "' 1930 1950 '"" 1970 1990

Annual total precipitation and smoothed precipitation values (curved, darker line)
atCrookston, 1890-1991. The dotted line represents the average value for the record.

Record Period

1890-1991

1961-1991

1886-1991

1961-1991

1915-1991

1900 1920

Maximum

32.87 in.

40.90 in.

34.10 in.

39.30 in.

50.46 in.

1940

Year

1941

1968

1984

1991

1991

Minimum

9.97 in.

12.48 in.

9.39 in.

14.39 in.

17.43 in.

1960

Year

1936

1976

1976

1976

1976

1980

xThe weather stations and the individuals providing the data are supported by the
Minnesota Agricultural Experiment Station as is the case for this study.

'Donald G. Baker and David L. Ruschy are Professor and Assistant Scientist,
respectively, in the Soil Science Department, University of Minnesota, St. Paul, MN
55108.
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Fig. 13. Annual total precipitation and smoothed precipitation values (curved, darker line)
at Lamberton, 1961-1991. The dotted line represents the average value for the record.
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Fig. 14. Annualtotal precipitation and smoothed precipitation values (curved, darker line)
at Morris, 1886-1991. The dotted line represents the average value for the record.
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Fig. 15. Annual total precipitation and smoothed precipitation values (curved, darker line) at Uof M,
St. Paul, 1961-1991. The dotted line represents the average value for the record.
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1991 SOIL MOISTURE AT THREE SITES l

S. Evans, W. W. Nelson, G. Randall, D. L. Ruschy, and D. G. Baker2

The results of the frequent samplings of the soil moisture
during the 1991 growing season are discussed.

The effect of the generally above normal precipitation, except in parts of northwestern Minnesota, are
shown in Fig. 17. Lamberton, Morris, and Waseca ended the season with the October samples indicating
very good moisture supplies. They certainly are sufficient to carry the crops well into the 1992 growing
season. This is particularly true at Waseca where the final sampling indicates a soil that is very
nearly at field capacity.

These supplies may become very important in this coming season for the indications this winter axe that
El Nino is back. If so, this could foretell a relatively warm and drier than average growing season.
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Fig. 17. Total plantavailable soil moistureat Lamberton, Moms, and Waseca, 1991.

'This long-term study is supported by the Minnesota Agricultural Experiment Station,
St. Paul, and the stations at Crookston, Lamberton, Morris, and Waseca.

2S. Evans, Professor at Morris, W. W. Nelson, Professor at Lamberton, G. Randall,
professor at Waseca, D. L. Ruschy, Asst. Scientist at St. Paul, and D. G. Baker,
professor at St. Paul.



The Radiation Budget at St. Paul1

Donald G. Baker2

The incoming and outgoing short and longwave radiation fluxes are
discussed and quantitative estimates are presented as to the use of
the positive net radiation.

The earth is subject to four streams (technically, flux densities) of radiation. First there is the
incoming solar (shortwave) radiation from the sun and sky. Its mean daily value at St. Paul is 330 cal
cm"2 day'1. Table 1. Some of this is immediately reflected back to the sky or space, the mean daily value
of which is 96 cal cm-2. Thus the net solar, the difference between the two, equals 234.6 cal cm"2 day"1.
The ratio of the reflected to the incoming radiation, 96/330, is the reflection coefficient or albedo.
On an annual basis it equals 0.29 which means that on the average 29% of the incoming solar radiation is
lost by reflection from the surface.

In addition to the two shortwave streams there are the two streams of longwave radiation, one coming in
from the atmosphere and clouds and the other directed outward from the earth's surface. On an annual
basis the daily average is 594 cal cm-2 day-1 coming in and 708 cal cm"2 day"1 directed upward. The
difference, or net longwave, equals -114 cal cm"2 day"1. It is noted as negative since more is leaving
the earth than is directed downward.

Putting the four streams together we have the net all wave radiation (both long and short directed upward
and downward) which equals 120 cal cm"2 day"1. It will be noted, Table 1, that in November, December,
January and February the net radiation is negative, while in the remaining months, March through October,
it is positive. In the negative months, more energy is leaving the earth than is being received (at the
point of measurement, which in this instance is St. Paul). One indication of the negative character in
November-February is the decreasing temperature of these months. It is at this time that the northern
hemisphere is subjected to short days and a low solar altitude resulting in low incoming solar radiation.
And due to the snow cover common at this time a relatively large fraction of this already low amount is
lost by reflection.

Table 1. Radiation fluxes, calories cm"2 dav"1, at St. Paul, 1979-1991 •

Month Solar Solar In/Out Net Long Long In/Out Net Net

In

157

Out

105

% Solar

52

In

456

Out

546

% Long

- 90

Radiation

Jan. 67 84 -38

Feb. 237 153 65 84 475 565 84 - 90 - 6

Mar. 313 124 40 190 525 628 84 -103 87

Apr. 414 89 22 325 587 719 82 -133 192

May 486 102 21 385 653 788 83 -135 250

June 537 112 21 425 721 849 85 -128 297

July 544 112 21 432 758 882 86 -124 308

Aug. 440 95 22 345 735 856 86 -120 225

Sept. 340 74 22 265 662 787 84 -125 140

Oct. 227 55 24 173 577 697 83 -120 53

Nov. 143 60 42 84 515 623 83 -108 -25

Dec. 121 73 60 49 464 566 82 -102 -54

Avg. 330 96 29

'1 cal cm"2 day"1 = 0.48 Wm"2,

235 594 708 84 -114 120

1+ = 47,,468

z- B 3,,746

Rn B 43,722

Rn B Net Radiation

'This project is supported by the Minnesota Agricultural Experiment Station, St. Paul, MN
55108.

2Donald G. Baker is a professor in the Soil Science Department
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Positive net radiation means more radiation is received than is lost. The positive net radiation is
consumed by various processes and it is not "stored up", since in general a long-term balance exists
between the income and the outgo of radiation. That is, the positive net radiation (Rn) is consumed in
evaporation (LE), in heating the air (A), heating the soil (So), and in photosynthesis (Ph). The
equation for the previous statement is:

Rn=LE+ A+So+Ph

The estimate of the energy consumed in LE (evaporation) will be estimated for four periods during the
year. The first will be based upon pan evaporation data. At St. Paul, this has been measured for a
number of years from April 21 through October 10. This coincides approximately with the agricultural
growing season. Experience suggests that with dryland (non-irrigated) farming the evapotranspiration
consumes about 46% of the evaporation from a pan (Baker et al., 1979). From October 11 to the average
freeze-up date of December 2 the loss is assumed to be the mean between the last pan loss (October 10
with 0.06 in day"1) and the early winter loss of 0.01 in day"1. This equals 0.035 in day"1. The winter
loss from December 3 to April 8 is estimated to be 0.014 in day"1 (Baker, 1972) . The early spring
evaporation, April 9-20, is estimated as the mean of the daily winter loss and the first pan loss, 0.01
in day"1 and 0.09 in day"1, respectively.

An additional factor in the winter period of December 3 to April 8 that has to be considered is the
sublimation of snow. This was factored into the calculation of the energy required. The estimated
evaporation amounts are listed in Table 2. The total precipitation at the St. Paul campus Climatological
Observatory currently averages 28.41 in. The total estimated evaporation loss of 22.12 in. and the
precipitation total of 28.41 indicates a surplus of 6.29 in. This is lost as runoff and as additions to
the groundwater.

Table 2. The estimated evaporation losses of water during an average year at St. Paul and the energy
required in the evaporation.

Period Evaporation Energy Required*
April 21 - Oct. 10 17.97 in. 26,473 cal cm"2
Oct. 11 - Dec. 2 1.82 in. 2,681
Dec. 3 -April 8 1.73 in. 2,900
April 9 - April 20 0.60 in. 884
Total 22.12 in. 32,938

*Energy requirements are assumed to be 580 cal g"1 for evaporation and an additional 80 cal
g"1 for sublimation. It is assumed that the 1.73 in. assigned to Dec. 3 - April 8 is snow and
not liquid precipitation.

An estimate of the energy consumed in the photosynthesis of an annual crop was made some years ago based
on weekly sampling of soybeans. The whole plant including the roots was harvested. Over the 120 days
growing season it was found that there was amean daily matter increase of 15 x 10~* g cm"2 day"1.
Assuming 4000 cal are required per gram, the total energy consumed over the season equalled 720 cal.

The energy used to heat the soil from January to July equalled 1952 calories, assuming a volumetric heat
capacity of 0.51 cal cm"3 °C"1. An additional 2000 calories were required to thaw the soil. A mean
freezing depth of 100 cm was assumed and that ice occupied 25% of the total volume. Over a 12-month
period the soil on the average will lose as much heat as was gained (that is, there is not a net heat
gain or loss). Therefore, the total 3952 calories represent one-half of the heating cycle with an equal
amount to be lost in the other half of the year. Thererefore, these figures are not counted in the
annual heat budget.

The final result is as follows:

Annual total net radiation - 43,722 cal.
Evaporation energy » 32,938 cal
Photosynthesis energy = 720
Total 33,658 33,658

The difference (and the amount
available to heat the air) «• 10,064

Ratio energy consumed in heating
the air to that consumed in evaporation = 10,064/32,938 -0.31
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THE POSITIVE AND NEGATIVE EFFECTS OF THE

RECENT "BENIGN CLIMATE"1

Donald G. Baker2

A little noticed but remarkably consistent and agriculturally
favorable climatic period existed for approximately 30 years beginning
in the early 1940's. The full application of technology to
agriculture was delayed due to world political events (World War II
and the Korean Conflict, for example) until the 1950's. From then
until 1972 the interaction between this favorable climatic period and
the applied technology and the enthusiasm they engendered in
agricultural circles led to the inflation of the 1970's while the
unexpected cessation of the "benign" climate led to the depression of
the 1980's.

The period of the "benign climate" deserves special attention, since it is a good example of how
pervasive and subtle (and sometimes not so subtle) the effects of climate can be. The "benign climate"
has been detected in the Corn Belt region of the United States but has not been noted elsewhere to my
knowledge. This is not to say that it did not occur, just that I am unaware of any study on the topic.

Before continuing with the "benign climate" story, it is important to study Fig. 1, since it illustrates
the influence that the application of science and technology and their interaction with climate have had
upon agriculture. The variation in annual yields about the general trend lines (the dashed lines in Fig.
1) present a rather deceiving picture. For example, it appears in Fig. 1 and 2 that severe yield
depressions have occurred only in recent years. Certainly the approximately 37 and 48 bu/A yield
depressions in 1976 and 1988, respectively, are unique to the record. However, these depressions can be
large only because the potential yield had increased so greatly due to the interaction of science and
technology with favorable climatic conditions. However, if the relative departures, expressed as percent
departure from the trend lines, are viewed (Fig. 3) another picture emerges. It becomes apparent that a
yield depression of 16 bu/A in 1934 (Fig. 1) compared to an expected yield of only 30 bu/A can be equally
or more serious. In fact it represents a 46.6% decline (Fig. 3) which for a farmer in 1934 meant a
greater loss than the 48 bu/A loss to a farmer in 1988.

The term "benign climate" is used to describe an apparently unique period in our climatic record that
occurred in the recent past which had far reaching consequences, some of which only now are becoming
apparent. Its discovery is an interesting story and occurred in the following way. Dr. McQuigg, the
Missouri State Climatologlst, and his colleagues wished to determine the effect of climate upon the yield
of corn over time, as shown in Fig. 1, exclusive of the yield increases due to the application of science
and technology (such as hybrid corn, commercial fertilizer and various chemicals) had upon yields
(McQuigg and LeDuc, 1973). To do this the technology of 1973, the last year for Which data were
available for the study, was assumed in their crop yield model. Then the actual historical weather data
were applied to the yield model. When this adjustment for technology was made, a most curious feature
was found (Fig. 4). From the late 1930's or early 1940's until about 1971, yields of corn and soybeans
were relatively high and showed less variation than any time before this period. Other evidence for this
benign period in Minnesota can be found in the variation of annual temperatures. Fig. 5, and in the trend
with time of the Palmer Drought Severity Index shown in Fig. 6.

The historical evidence, therefore, indicates that this feature, the "benign" period, was unique in the
climatic record. And, as a unique feature, a return to the more normal years (termed "hostile" by some
to contrast it with the benign period) could be expected. There were a number of people, in addition to
some farmers, who overlooked the "benign climate" period as being unusual. The opinion was even
expressed that technology had effectively overcome climatic influences (Thompson, 1975). This view with
respect to climate versus technology has surfaced again in an article in Nature (Ausubel, 1991). From a
strictly urban view an argument can be made that the climate has less effect than it once posed. This
argument, at least from the urban perspective, is valid only as long as energy supplies are readily

Support for this study was provided by the Minnesota Agricultural Experiment Station
and by Regional Project NC-94.

2
Donald G. Baker is a Professor in the Soil Science Department, University of

Minnesota, St. Paul, MN 55108.
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available to provide the necessary heat or air conditioning. However, years like 1988 in the U.S. show
the stress that can be placed upon even the most advanced civilization. From an agricultural perspective
this view is difficult to support, since irrigation is successful only with adequate precipitation to
replenish the source. And an artificial environment such as a glasshouse is feasible only for a
relatively few crops.

There were political and technological factors that played an important part in delaying the advantages
to be gained from this period until the early to mid-1950's. By then the U.S. had left the post World
War II period, had more or less resolved the Korean conflict, and had entered the Eisenhower period of
relative peace and prosperity. Vietnam was still on the horizon and inflation not yet a problem. Thus
by the mid-1950's all of the technological advances - herbicides, pesticides, commercial fertilizers,
hybrid corn, and improved machinery - were in place. For example, nitrogen fertilizer use in the U.S.
increased from about 40 to 120 pounds per acre between 1960 and 1972 (Thompson, 1982).

For agriculture this period seemed to be one of ever increasing yields along with a climate, an economy,
and a political scene which did not intrude. This then was a time in which an enthusiasm, a belief in an
ever continuing "good life", and, indeed, a general euphoria was evident among many farmers.

This feeling of optimism and a willingness to take greater risks in terms of investments and long term
goals was increasing, particularly among the younger farmers. They had not experienced the climatically
and economically difficult times of the 1930's that their fathers had seen. Thus there were many farmers
who were ill prepared for the time when the climate would revert, as most assuredly it would, to the more
normal or "hostile" one of great variation in both precipitation and temperature. As a result, the
climate, the general economy, and even the political scene were setting agriculture up for a dizzying
ride, first up and then down. Unbeknownst to all but the keenest of observers was the fact that the
"benign" climate was ending, and a return to the "hostile" climate of former years was commencing. The
first indication of this for Minnesota farmers was the corn ear blight of 1972. Although responsibility
for yield reductions in 1972 are generally attributed to the blight, this disease and its northward
movement were weather induced. Next came the early frost of 1974, and then came the drought of 1976.

The "hostile" or normal climate, such as the climate experienced previous to 1940 and from 1972 on,
requires greater conservatism and attention to detail than one in which the climatic conditions are both
near the optimum and exhibit low variability. Such a condition permits the full expression of the
applied technology. A "benign" climate can be of great profit to a good farmer, but it also "protects"
the poor and careless farmer. It can be assumed that the "benign" climate lulled many a farmer,
particularly those who entered farming during this period, into planning and operating as if the "benign"
period was the prevailing condition. It also can be assumed that the combination of the benign climate
and certain government agricultural programs helped prolong the stay of marginal farmers. Thus, the end
of the "benign" period was a forerunner and precursor to the coming economic problems that would be
instrumental in hastening the departure of many from farming, some of whom had been able to hang on
thanks to the preceding "benign" period.

As the "benign" climate drew to a close, three related things occurred at this time that eventually
brought about extremely difficult times for Corn Belt agriculture. Land prices began to rise as
competition for land increased. Commodity prices too rose in concert, but not in proportion (Fig. 7),

and outside interests began to pour money into farm land for both investment and speculative purposes.
Poor fiscal policies of the federal government in the 1960's were beginning to bear fruit, such as the
"Great Society" spending excesses at the same time as our involvement in Vietnam grew. Together they
helped sow the seeds of the coming inflation. By 1982 short-term interest rates had reached at least 17%
(Fig. 7). Unfortunately, many farmers failed to calculate what farm profits had to be to support such
high rates of interest.

Soon to follow, and a natural culmination to these events with supporting information in hand, was the
abrupt contraction in 1980 of land prices (Fig. 7). With a decrease in land values, upon which much of
the bank loans for production costs and land purchases were based, less equity was available to the
farmer. And with a more variable climate it meant that yields, and therefore, income, were no longer
reliable.

An additional factor, as if the others were not enough, was the intrusion of politics. As the result of
a very brief runup in the price of soybeans, the government in 1976 temporarily embargoed the export of
beans. The results of this, though not felt immediately, meant that Japan, one of our best markets, had
been cut off from its supplier. Since the U.S. could no longer be trusted as a supplier, the Japanese
turned to South America as a source. The second political move to hurt American agriculture was the 1980
embargo of grain to the U.S.S.R. in response to the invasion of Afghanistan.
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Thus, it is believed that climate played an extremely important but little recognized role in Corn Belt
agriculture (if not in the whole U.S.) with the "benign" climate being an important, if not leading,
factor in bringing about an almost unprecedented agricultural prosperity, only to be followed by a return
to the more normal or "hostile" climate that led to the 1980's agricultural depression.

As a final note on this topic both relevant and interesting information is contained within Fig. 8. The
upper portion is similar to Fig. 1 except it shows the mean Minnesota corn yield by decades. But for the
decade of 1930-1939 the decadal mean has remained about 2 to 3 times greater than the range in the

decadal yields. There is a slight indication that the range in annual yield values has decreased with
time relative to the yield increases. Thus it might be inferred that technology has resulted in this
suppression in the yield variation. In contrast, however, the upward trend of the standard deviation of
the annual yields within each decade indicates an increasing variation with time following the decade of
1940-1949. Also, the bottom diagram shows that when the increasing size of the yields is taken into
account with the coefficient of variation (the standard deviation divided by the mean) the increased

variation with time remains, though it is less marked than the standard deviation. Thus, it is evident
that climate, the major source of yield variation, has yet to be controlled.
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Climate Change and the Greenhouse Warming1

Donald G. Baker3

The changes that might occur to the world's climate resulting from the increase of C02 and similarly
behaving gases in the atmosphere continues to cause concern and public comment. The latest news is that
the aerosols introduced into the atmosphere by the eruption of Mount Pinotuba in the Philippines may well
cause a cooling of the atmosphere (Charlson et al., 1992). The cooling is indicated by the same models
used to estimate the warming by C02. It is expected that the cooling will equal in magnitude the warming
that occurred over the last century. A principal effect of the aerosols is to decrease the incoming
solar radiation. However, once the aerosols have settled out of the atmosphere it is expected that the
warming will continue.

A second item of interest relative to a global climate change i3 that maximum and minimum temperatures
have not been increasing equally. Recent analysis of temperature records in both the D.S. and the
U.S.S.R. indicate an inequality in the warming. This has been termed an "asymmetric" warming (Karl et
al., 1991). As a result we have looked at some Minnesota records which demonstrate this. See Fig. 9.
and 10. Over the 98 year record period the linear trend increase of the minimum temperatures has
amounted to 2.7°F compared to only 0.8°F for the maximum temperatures. Such a disparity between the two
temperatures has not been indicated by the climate models, nor is it to be expected physically as a
result of a C02-caused warming. Rather it appears to be due to an increase in cloud cover. A conclusion
reached in the study by Karl et al. (1991) is that the Northern Hemisphere is being "significantly
affected by factors unrelated to an enhanced anthropogenically - induced greenhouse effect".
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'A continuing study of Minnesota's climatological records is supported by the
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'Donald G. Baker is a professor in the Soil Science Department.



LL 62

UJ 61
X
3
H 60

2 59
Ul
0.

2 58
UJ
1- 5/
5
3 56
2

2 55

2 54
_j

<
3 53
7,
Z 52
<
LU 51
CD
<
rr 50
LU

3 49

FARMINGTON

1890
1900

1910
1920

21

SLOPE = 0.0081 °F/YEAR

1930 T
1940

1950 T
1960

1970 T
1980

1990

Fig. 9. Average annual maximum temperatures at Farmington 3NW, MN, 1893-1990. The
smoothed data are shown and also the linear trend which has an increase of
0.0081 °F per year. This increase is not statistically significant.

LL 40

LU 39
QC
3 38

<
DC 37
LU
O.

5
36

UJ
r- 35

2
3 34
2

2 33

2 32
_i

<
3 31
Z
Z 30
<
UJ ?9
o
<
or 28
Ul
> 27

FARMINGTON

SLOPE = 0.0274 °F/YEAR

**• 1890 I 1910 I 1930 I 1950 I 1970 I 1990
1900 1920 1940 1960 1980

Fig. 10. Average annual minimum temperatures at Farmington 3NW, MN, 1893-1990. The
smoothed data are shown and also the linear trend which has an increase of
0.0274 °F per year. This increase is statistically significant.



22

THE INVERSE RELATIONSHIP BETWEEN TEMPERATURE AND PRECIPITATION1

Donald G. Baker and David L. Ruschy2

The inverse relationship between temperature and precipitation in
Minnesota is discussed and an explanation is provided.

An interesting inverse relationship exists between air temperature and precipitation amounts when viewed
on a long term basis, Fig. 11. Precipitation periods are accompanied by cloud cover which, of course,
obscures the sun and decreases solar heating. At the same time evaporation of this precipitation from
the earth's surface consumes great amounts of energy, which otherwise would have resulted in higher air
and soil temperatures.

Due to the much greater solar input during the warmer half of the year (March 22 to September 21), a
reduction of the energy input with a cloud cover has a greater effect than in the colder half of the
year. In fact the cloud cover effect upon air temperatures is different in the two periods; cooler
temperatures result in the warmer half and warmer temperatures in the cooler half. In the latter case
due to the longer nights the clouds are more important as blankets and keep the earth from cooling.

The decreased solar input in the warmer half of the year due to a cloud cover plus the much greater
evaporation that occurs in the same period act together to overwhelm any warmer temperatures occurring
due to a cloud cover in the September 22 to March 21 period.

Because of the variation in cloudiness and precipitation within any one year, or even a few years, a long
term view such as the 30-year running mean depicted in Fig. 11 is required to make the inverse
relationship so evident.

UJ
<Z

UJ
0_

S
UJ

<
=>

46.0

45.5

45.0

_5 44.5

44.0

29

28

27

26

25

UJ
X
o

_

o
UJ
cr
o.

_j
<

Z
Z
<

Z

UJ
2

DZ

a
%
CO

O
Z

>
O

5
DC

3
%
m

CD
z

>
O 43.5

1 1 1 1

-«- MEAN ANNUAL TEMPERATURE

• . _-n

F* L^

.rAs, i JL <

-e-A NNUALTO"fAL PRECIPITATION

1920 1930 1940 1950 1960 1970 1980 1990
24 i

Fig 11. The moving 30-year averageannual temperature and annual total precipitation at
Minneapolis - St. Paul, 1891-1991.

This study was supported by the Minnesota Agricultural Experiment Station.

Donald G. Baker and David L. Ruschy are Professor and Assistant Scientist,
respectively, at the Soil Science Department, University of Minnesota, St. Paul, MN
55108.



23

CALCIUM NITRATE AS A SOURCE OF CALCIUM AND NITROGEN

FOR POTATO PRODUCTION1

Carl Rosen, Dave Birong, Duane Preston, and Roger Hanson'

ABSTRACT: Two field experiments, were conducted to evaluate the effects of calcium nitrate
as a calcium and nitrogen source for potato production. At Becker, MN under irrigated
conditions using the cultivar 'Russet Burbank', total yields obtained when calcium nitrate
was provided were similar to those when only urea was used. Calcium nitrate increased
calcium concentrations in leaf tissue, but did not significantly affect tuber skin or flesh
calcium. At Grand Forks, ND under nonirrigated conditions using the cultivar 'Norchip',
nitrogen supplied either as urea or calcium nitrate tended to increase potato yield over
yields obtained in the control plot. Calcium nitrate had no effect on calcium concentrations
in leaf or tuber tissue.

Calcium is a nutrient that has been implicated in improved storage qualities of potatoes. Yield increases
have also been reported with calcium applications when potatoes are grown on low Ca soils. One of the most
readily available forms of calcium is calcium nitrate; however, the effect of this calcium source on potato
production in Minnesota has not been evaluated. The objective of this research was to determine the effects
of calcium nitrate on potato yield, nutrient composition, and tuber quality under irrigated and nonirrigated
conditions.

PROCEDURES:

Field experiments were conducted at two locations: the Sand Plains Research Farm in Becker, MN under
irrigation and the' Potato Research Farm in Grand Forks, ND. Procedures varied with each location will be
discussed separately.

Sand Plains Research Farm, Becker, MN: The soil at this location is classified as a Hubbard loamy sand and
had the following soil test values prior to planting (0-6"): pH - 5.8; Organic Matter - 3%; Bray PI - 24 ppm;
NH4OAc k, Ca, Mg - 61, 455, 75 ppm, respectively; 2N KC1 nitrate-N - 20 lb/A. The previous crop was rye.
The cultivar 'Russet Burbank' was planted April 19, 1991. Prior to planting, 200 lbs 0-0-60/A and 200 lbs
0-0-22/A were broadcast and incorporated over the entire field. At planting, all plots received 750 lb 8-10-
30 as a band with urea as the N source. There were six treatments arranged in a randomized complete block
design with four replications. The six treatments were:

Time of application

Treatment No. Planting Emergence Hilling 3 weeks post hilling 6 weeks post hilling
N rate (lb/A) and source

1. 60 Urea 75 Urea 75 Urea 0 0

2. 60 Urea 75 Urea 75 Ca Nit 0 0
3. 60 Urea 75 Ca Nit 75 Urea 0 0
4. 60 Urea 7S Ca Nit 75 Ca Nit 0 0

5. 60 Urea 30 Urea 35 Urea 35 Urea 35 Urea
6. 60 Urea 30 Urea 35 Ca Nit 35 Ca Nit 35 Ca Nit

The N application at emergence was on May 24 and the hilling application was on June 7. Irrigation was
supplied according tho the checkbook method. Leaf samples were collected on June 21 and August 2 for
nutrient analyses. Plots were harvested on September 4 and tubers were separated according to size.
Subsamples of tubers were also collected for specific gravity determinations and nutrient analyses.

Potato Research Farm, Grand Forks. ND: The soil at this location is classified as a Nutley/Aberdeen silty
clay loam and had the following soil test results (0-6"): pH - 7.8; Organic Matter - 3.3%; Bray PI - 7 ppm;
NH,CAc K, Ca, Mg - 114, 5315, 788 ppm, respectively; 2N KC1 nitrate-N - 70 lb/A. The cultivar 'Norchip' was
planted May 22, 1991. There were five treatments :

1. Control (no nitrogen applied)
2. 75 lb N/A as urea at planting
3. 7.5 lb N/A as calcium nitrate at planting
4. 75 lb N/A as urea at planting and 75 lb N/A as urea at hilling
5. 75 lb N/A as urea at planting and 75 lb N/A as calcium nitrate at hilling

1 Funding for this project was provided by WGM/Hydro.
1 Extension Soil Scientist, Junior Scientist, Dept. of Soil Science, Area Agent and Potato Research Station
Supervisor, Grand Forks, ND.
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Prior to planting, 75 lbs/A 0-46-0 and 50 lb/A 0-0-60 were broadcast and incorporated. Nitrogen applied at
planting was broadcast and incorporated. Nitrogen applied at hilling was sidedressed and then incorporated
into the hill. All plots were hilled June 26. The experimental design was a randomized complete block with
six replications. Leaf samples were collected on June 26 for nutrient analyses. Tubers were harvested
September 26, 1991 and sorted according to size. Subsamples of tubers were collected at harvest for specific
gravity determinations and elemental analyses.

Total leaf nitrogen was determined using Kjeldahl procedures (with nitrate reduction) and calcium in leaf
and tuber tissue was determined on ashed samples using ICP techniques.

RESULTS:

Becker, MN: All treatments tested resulted in similar total potato yields (Table 1). The calcium nitrate
treatment applied only at hilling (treatment 2), resulted in significantly more 3-7 oz size potatoes and less
7-14 oz potatoes compared to the urea treatment at similar application times (treatment 1). Reasons for this
apparent shift in size distribution with calcium nitrate at hilling are not clear since the other treatments
with calcium nitrate resulted in similar size distributions as the all urea treatments. Specific gravity
was similar for all treatments tested. Leaf concentrations of nitrogen at the first planting date were lower
when calcium nitrate was used at hilling and emergence compared to the all urea treatments (Table 2). At
both sampling dates, elevated leaf calcium concentrations were detected when calcium nitrate was applied at
the hilling stage, but not when applied at emergence or in lower application rates post hilling. Leaf
nitrogen at the second sampling date was highest when calcium nitrate was applied in three 35 lb N/A doses
starting at hilling. Tuber skin calcium concentrations were 4-5 times higher than calcium concentrations
in tuber flesh (Table 3). Calcium nitrate did not significantly increase tuber calcium concentrations in
skin or flesh compared to urea; however, there was a slight trend for higher calcium levels in tuber skin
when calcium nitrate was applied at post hilling or once at emergence. No trends due to calcium nitrate
treatment were observed in tuber flesh calcium levels.

Grand Forks. ND: Statistically, only the urea treatment at 150 lb N/A was higher than the zero N control
(Table 4). However, all treatments receiving 75 or 150 lb N/A resulted in at least 30 cwt/A more than the
control. Nitrogen application, whether from urea or calcium nitrate, tended to result in larger tubers.
For the greater than 3.5" size category, the urea treatment at 75 lb N/A was the only treatment to result
in significantly greater yield than the control treatment. Specific gravity was not affected by the nitrogen
treatments. Leaf nitrogen and calcium concentrations were not affected by treatment, although there was a
trend for lower leaf nitrogen in the control treatment (Table 5). It should be pointed out that leaf samples
were collected just before the hilling N application and therefore do not reflect nitrogen applied at
hilling. Calcium concentrations in tuber skin and flesh were not affected by either of the nitrogen sources
(Table 6).
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Table 1. Comparat:ive effects of calcium nitrate and urea on 'Russet Burbank' potato yield and specific
gravity. (Becker, 1991).

Treatment

Knobs

Tuber size

Total

Time of application Specific

Planting Emergence

- N rate (lb

Hilling 3wk PH1 6wk PH <3 oz 3-7 oz 7-14 oz

cwt/A

<14 oz Gravitv

60 U 75 U 75 U 0 0 32.5 26.0 213.5 193.2 16.0 481.2 1.0855

60 U 75 U 75 C 0 0 36.5 30.9 294.0 126.7 14.7 502.7 1.0870

60 U 75 C 75 U 0 0 27.3 23.5 240.5 172.4 11.7 475.4 1.0853

60 U 75 C 75 C 0 0 25.9 25.0 268.2 148.7 18.2 486.0 1.0878

60 U 30 U 35 U 35 U 35 U 23.7 39.0 234.8 168.8 14.0 480.3 1.0863

60 U 30 U 35 C 35 C 35 C 17.8 27.5 241.0 178.7 20.2 480.3 1.0848

Significance NS NS * * NS NS NS

LSD (5% level) — — 51.2 54.2 — — —-

NS - nonsignificant, * = significant at the 5% level.
*wk PH - weeks post hilling
*U - urea, C - calcium nitrate

Table 2. Comparative effects of calcium nitrate and urea on total nitrogen and calcium concentrations in
leaves (petiole + leaflets) sampled June 21 and August 2. (Becker, 1991).

Treatment Sampling Date

Time of application June 21 August 2

Plantinq Emergence Hilling 3wk PH1 6wk PH Nitrogen Calcium Nitrogen Calcium

- N rate (lb N/A) and source* % dry w
60 U 75 U 75 U 0 0 5.72 0.70 4.88 0.88

60 U 75 U 75 C 0 0 5.43 1.04 4.48 1.07

60 U 75 C 75 U 0 0 5.67 0.81 4.95 0.72

60 U 75 C 75 C 0 0 4.95 1.15 4.43 1.07

60 U 30 U 35 U 35 U 35 U 5.53 0.97 5.11 0.71

60 U 30 U 35 C 35 C 35 C 5.22 0.95 5.53 0.64

Significance * * ** •

LSD (5% level) 0.54 0.41 0.54 0.35

* = significant at the 5% level,

H*k PH = weeks post hilling
2U = urea, C - calcium nitrate

significant at the 1% level.

Table 3. Comparative effects of calcium nitrate and urea on calcium concentrations
in tuber skin and flesh at harvest. (Becker, 1991).

Treatment

Time of application Calcium concentration

Planting Emergence Hilling

N/A) and

3wk PH1 6wk PH Skin Flesh

— ppm dry weight —i*«

60 U 75 U 75 U 0 0 940 234

60 U 75 U 75 C 0 0 869 192

60 U 75 C 75 U 0 0 1017 181

60 U 75 C 75 C 0 0 889 225

60 U 30 U 35 U 35 U 35 U 873 228

60 U 30 U 35 C 35 C 35 C 1128 227

Significance NS NS

NS - nonsignificant
*wk PH «• weeks post hilling
2U ~ urea, C =• calcium nitrate
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Table 4. Comparative effects of calcium nitrate and urea on 'Norchip' potato yield and specific gravity.
(Grand•Forks, 1991).

Treatment

Tuber Size

Total

Time of application

Planting Hilling

and source1

< 1° 1-2" 2-3.5" > 3.5" Specific Gravity

N rate (lb N/A) Ml •*• /»

0 0 20.6 65.9 137.0 7.5 231.0 1.0936

75 U 0 26.4 67.6 146.4 20.8 261.1 1.0918

75 C 0 25.3 69.3 155.5 15.3 265.5 1.0906

75 U 75 U 24.4 69.5 167.1 17.3 278.2 1.0933

75 U 75 C 23.3 63.8 164.7 13.9 265.7 1.0928

Significance NS NS NS * • NS

LSD (5% level) — — — 9.5 37.0 —

NS = Nonsignificant, * = significant at the 5% level.
'U =• urea, C = calcium nitrate

Table 5. Comparative effects of calcium nitrate and urea
on total nitrogen and calcium concentrations in potato leaves
(petioles + leaflets) sampled June 26. (Grand Forks, 1991).

Treatment

Nutrient CotTime of application rcentration

Planting Hilling Nitrogen Calcium

N rate (lb N/A) and source1 % dry weight

0 0 4.29 1.95

75 U 0 4.49 2.00

75 C 0 4.73 1.97

75 U 75 U 5.10 1.94

75 U 75 C 4.70 2.08

Significance ++ NS

LSD (0.10) 0.71 --

NS - Nonsignificant, ++ significant at 10%.
HJ - urea, C = calcium nitrate

Table 6. Comparative effects of calcium nitrate and urea
on calcium concentrations in tuber skin and flesh at

harvest. (Grand Forks, 1991).

Treatment

Time of application

Planting Hilling

N rate (lb N/A) and source1

0 0

75 U 0

75 C 0

75 U 75 U

75 U 75 C

Significance

NS » Nonsignificant
l\) ° urea, C - <:alcium nitrate

Calcium Concentration

Skin Flesh

— ppm dry weight —
1428 226

1287 228

1385 213

1485 234

1476 212

NS NS
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NITROGEN FERTILIZATION STUDIES ON IRRIGATED POTATOES: NITROGEN USE, SOIL NITRATE MOVEMENT,
AND PETIOLE SAP NITRATE ANALYSIS FOR PREDICTING NITROGEN NEEDS1

Carl Rosen, Dave Birong, and Mark Zumwinkle*

Potatoes grown on sandy soils under irrigation are usually provided with high rates of nitrogen (N) to
promote growth and yield. Concern about ground water quality, however, has raised questions about the fate
of N applied to potatoes on irrigated soils. In part, this concern is due to the fact that potatoes have
a relatively shallow root system, yet require relatively high rates of N to maintain profitable production.
Proper N management is critical to minimize losses of N from the root zone and maintain yields. The
objectives of this study were to characterize the pattern of soil nitrate-N movement during irrigated potato
production under defined management regimes and to develop diagnostic tools forquick and accurate prediction
of the need for N by potato during the growing season.

EXPERIMENTAL PROCEDURES

The experiment was conducted in Becker, MN at the Sand Plain Research Farm. The soil is a Hubbard loamy
sand. The previous crop was rye. Selected soil chemical properties prior to planting were as follows (0-
6")': pH, 6.7; organic matter, 2.5%; phosphorus, 36 ppm; potassium, 98 ppm; sulfur, 1 ppm. Residual nitrate-N
in the top 3 feet of soil was 26 lb/A. Prior to planting, 200 lbs/A 0-0-22 and 200 lbs/A 0-0-60 were
broadcast and Incorporated. Russet Burbank "B" size potatoes were planted May 3, 1991 at a spacing of 36"
between rows and 10" within the row. Phosphate (0-46-0) and potash (0-0-60) fertilizer were applied in the
band at planting at a rate of 80 lb P,0,/A and 200 lb K,0/A to all plots. The fertilizer was banded 3" to
each side and 2" below the tuber. Individual plot size consisted of six, 30 ft rows. The middle two rows
(3 and 4) were harvest rows and rows 2 and 5 were sample rows. Ten treatments were tested to evaluate the
effects of various N management practices on potato productivity, N use/uptake, soil nitrate movement, and
petiole N status during the course of the season.

The 10 specific treatments were as follows:

N Application Rate (lb N/A)

N Source

1) Control

2) Ammonium nitrate

3) Ammonium nitrate

4) Ammonium nitrate

5) Ammonium nitrate

6) Ammonium nitrate

7) Slow Release1

8) Ammonium nitrate

9) Ammonium nitrate

10) Urea

Planting Emergence Hilling Post-Hilling

0 0 0 0

0 120 120 0

40 100 100 0

80 80 80 0

120 60 60 0

80 80 0 0

80 80 0 0

40 40 40 0

40 40 40 based on sap test
80 80 80 0

'Slow release fertilizer was Nutralene (40-0-0).

Nitrogen applied at planting was banded with the P and K fertilizer. Nitrogen applied at emergence (May 31)
was banded 1" deep and 8" from each side of the plant. At hilling (June 13), the N fertilizer was
sidedressed on the surface on either side of the plant and then incorporated during the hilling process.
Post-hilling applications to treatment #9 were applied on June 21 and July 16. Applications were made by
broadcasting ammonium nitrate over the plot by hand and then irrigating in. The June 21 application could
have been delayed about one week. It should have been applied when the sap nitrate-N was about 1300 ppm.
The July 16 application was based on a critical sap value of 900 ppm.

The experimental design was a randomized complete block with 4 replications. Rainfall was supplemented with
overhead irrigation to supply water needs according to the checkbook method. Rainfall during the growing
season totaled 31.6 inches and was supplemented with 10 inches of irrigation. The nitrate-N concentration
in the irrigation water averaged 7 ppm. Given that 10 inches of irrigation were applied, approximately 16
lbs of additional N was provided with the irrigation water. Figure 1 shows the weekly precipitation
(rainfall + irrigation) through the growing season.

1Funding for this project was provided by theLegislative Commission on Minnesota Resources. We thank Glenn
Titrud for assistance in plot maintenance.

1Extension Soil Scientist, Junior Scientist, and Research Assistant, respectively, Department of Soil
Science.
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Recently matured potato leaves (4th leaf from the growing terminal) were collected every 10-14 days starting
one day before hilling for nitrate-N determinations. Thirty leaves were collected from each plot. Leaflets
were removed, half of the petioles were crushed with a Hach press, and the remaining petioles were dried in
an oven at 140°F. The expressed sap was immediately frozen until analyses could be performed.

Two instruments designed for quick tests were compared: the Hach nitrate electrode and the Horiba/Cardy
nitrate electrode, in addition to the quick test procedures, nitrate in sap and nitrate in dried petioles
were determined conductlmetrically using a Wescan nitrogen analyzer.

Specific methods for analyses were as follows:

Hach Test - The instrument was calibrated using two standard solutions. One ml of expressed sap was mixed
with 25 ml of 0.075 molar aluminum sulfate solution. The electrode was immersed into the solution and a
reading was recorded. The reading was related to concentration of nitrate-N in the sap by using a standard
curve.

Horlba/Cardv Test - The instrument was calibrated using two standard solutions. One half ml of expressed
sap was mixed with 2.0 ml of 0.075 molar aluminum sulfate solution. A few drops of the mixture were placed
on the electrode and a direct reading of concentration was recorded. NOTE: Determination of nitrate in
nondiluted sap was also attempted; however, the readings obtained were consistently higher than the other
methods. Dilution with aluminum sulfate gave more realistic values and the instrument seemed to be more
stable.

Wescan Sap Test - The instrument was calibrated using five standard solutions. One ml of expressed sap was
mixed with water to a volume of 100 ml in a volumetric flask. Diluted solutions were run through the
instrument and the reading recorded was related to the concentration of nitrate-N in the sap using a standard
curve.

Wescan Petiole Nitrate Test - The instrumental set up was the same as for the sap test. Dried petioles were
ground and 0.1 g of ground tissue was weighed and mixed with 20 ml of water. Samples were shaken for 30
minutes and then filtered. The reading recorded was related to concentration of nitrate-N in dried tissue
using a standard curve.

Nitrate-N was determined in soil samples collected at hilling and two days before harvest. The samples at
hilling were collected in the row to a depth of one foot. Samples collected at harvest consisted of 3 cores
from an individual plot taken to a depth of 3 feet at 1 foot increments. Two samples at each depth were
collected from each plot: one from between rows and the other within rows. All samples were brought back
to the lab and air dried. Nitrate and ammonium were extracted with 2 N KC1 using a 5 g to 25 ml
soil:extractant ratio. For the hilling samples, results are expressed as ppm nitrate-N or ammonium-N. For
the harvest samples, results are expressed as pounds of nitrate-N or ammonium-N using the convention ppm X
2 = lb/A for a 6" furrow slice. Bulk density of each sampling depth was not determined, so lb/A values
should be considered approximate. To calculate lbs nitrate-N/A, it was assumed that half the field was
'within row' and the other half 'between row'.

Suction tubes, consisting of a porous ceramic cup and 1.5" diameter PVC ubes were installed one week after
planting in the row at 2.5 and 4.5 ft depths. Nitrate-N in soil water was determined in samples collected
every 1-2 weeks from the suction tubes.

Two plants from the sample row from each plot were harvested every two weeks starting one week before
hilling. Samples were dried and weighed to determine dry weight accumulation through the season. Samples
were ground and total N was determined using the salicylic Kjeldahl method. At harvest, vines were cut and
weighed one week prior to harvest. Potatoes were mechanically harvested on September 12. Subsamples of
vines and tubers were collected to determine dry matter and N accumulation using methods describe above for

the two plant samples.

RESULTS

Rainfall and Soil Nitrate Movement. Weekly precipitation over the course of the season is presented in
Figure 1. Rainfall was excessive from planting to emergence with nearly 7 inches falling during this time
period. June and July were also well above normal in rainfall events.

Seasonal nitrate-N concentrations in soil water extracted with the suction tubes at depths of 2.5' and 4.5'
for each treatment are shown in Figures 2 to 11. Although nitrate-N in the soil water was measured, these
numbers do not represent the concentration of nitrate in the ground water. Nor do they indicate the amount
of nitrate lost to the ground water. The only way these data can be interpreted is in a more qualitative
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sense. That is, a higher peak for one treatment compared to another at a given time, indicates that losses
of nitrate were relatively greater, but does not indicate how much greater. These data, therefore, can be
used to determine which treatments minimized nitrate movement out of the root zone.

The control treatment where no fertilizer N was applied, had basically background concentrations of nitrate-N
(1-20 ppm). A noticeable feature of all treatments was that between 12 and 18 weeks after planting nitrate-N
concentrations were very low and then increased 18 weeks after planting. The period of 12-18 weeks after
planting follows the period of rapid N uptake by the potato plant. The increase after 18 weeks corresponds
to the period after harvest and may represent a slight flush of nitrate following breakdown of vines.

Starter N fertilizer had dramatic effects on nitrate movement (Figures 3 to 6). The 120 lb N/A starter
fertilizer rate had the highest concentrations of Nitrate-N in the soil water compared to the other
treatments. Delaying application of N to the emergence stage significantly reduced nitrate movement during
the growing season even though the same total amount of N was applied. The significant movement of N
corresponded to the 4 inches of rain that occurred at the end of May.

Slow release N fertilizer reduced nitrate movement compared to ammonium nitrate (Figures 7 vs. 8). The use
of urea also reduced nitrate movement compared to ammonium nitrate (Figures 11 vs. 5). Most of the
differences in nitrate movement occurred at the beginning of the growing season. These results suggest that
in terms of potential N losses, fertilizer N used at planting should be in the ammonium form rather than
nitrate form. Post-hilling applications of N did not result in increased losses of N (Figures 9 vs. 10).
Even though more N was applied in the post-hilling treatment, it was applied at a time when the plant could
use it.

Extractable nitrate-N and ammonium-N in the top foot of soil one day before hilling did not provide useful
data for adjusting N fertilizer rates at hilling (Table 5). That is, there were not enough differences in
the concentrations due to treatment to base any recommendations. By the end of the season, nitrate-N was
basically at background levels (Table 6).

Tuber Yield. Specific Gravity, and Vine Yield. The effects of the various N treatments on tuber yield,
specific gravity, and vine yield are presented in Table 1. Total yield increased with N rate with most of
the yield increase occurring between the control treatment and 120 lb N/A. The 7-14 oz tuber size increased
significantly with N rate. Vine yield also increased with increasing N rate, specific gravity of tubers
from the control treatment was lower than in the those receiving N. Starter N had no significant effect on
total tuber yield, but higher rates of N tended to increase knobby tubers. Higher starter N rates resulted
in lower vine yield at harvest. Specific gravity increased with increasing starter N rates. At similar N
rates and timing of application, there was little difference between urea and ammonium nitrate on vine and
tuber yields. Specific gravity was slightly lower when urea was used. Vine and tuber yields and specific
gravity with slow release N were similar to those obtained with ammonium nitrate. The post hilling N
application treatment resulted in 200 lb N/A (120 lb N/A before hilling and 80 lb N/A after hilling.
Additional N after hilling Increased tuber size and vine yield compared to the 120 lb N/A rate, but was not
significantly different in tuber size and vine yield from the 240 lb N/A rate. Specific gravity, however,
was significantly lower when post-hilling N applications were used.

Tuber number per plant over the course of the season is presented in Table 2. Although some initial effects
on tuber number per plant were detected two weeks after hilling, no differences due to N management were
detected by the time of harvest. Because of small sample size (two plants per plot), variability was high
and, therefore these data should be Interpreted with some caution.

Dry Matter and Nitrogen Accumulation. Dry matter accumulation and N content of vines, tubers, and roots
through the growing season for each treatment are provided in Figures 12 to 21. Tuber bulking started at
about 8 weeks after planting and continued in a linear manner until harvest. Nitrogen accumulation in the
tubers followed the general pattern of dry matter accumulation. Dry weight accumulation in vines reached
a peak between 6 and 8 weeks after planting and then leveled off or declined for most treatments. Nitrogen
accumulation also peaked between 6 and 8 weeks after planting, but then declined dramatically after this
time. Vines reached maximum dry weight and N accumulation about two weeks earlier when N was limiting. The
peak in vine dry weight and N accumulation were delayed by two weeks when urea or post-hilling applications
of N were applied.

Dry matter and N accumulation, as well as concentrations of N in vine and tuber at harvest, are presented
in Table 3. As expected, dry weight and N accumulation increased with increasing N rate. High rates of
N in the starter reduced N recovery by the plant due to losses during the May rainfall period. However, dry
matter accumulation increased in tubers and decreased in vines with increasing N in the starter. These
results suggest that a longer season was needed for the treatment where N application was delayed until
emergence. The results also suggest that N rates lower than 240 lb N/A could have been used to achieve the
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same yield. Highest N recovery and highest N concentrations in tubers and vines were obtained with the post-
hilling N treatment.

Nitrate-N Concentrations in Petiole Samples. The N status of the plant every 10-14 days starting one day
before hilling, as measured by conventional petiole analysis and sap analysis, is presented in Table 4.
On the first sampling date, sap analysis seemed to detect more subtle differences in nitrate status of the
petiole compared to conventional analysis. In all methods of analysis, differences due to N rate were
apparent. Differences due to starter N rate and N source were detected with the sap tests, but not the
conventional petiole analysis. The two electrode methods were fairly consistent in nitrate readings, while
the Wescan method gave consistently lower readings. At later samplingdates, the differences among the three
methods for sap analysis were not as great. By the July 1 sampling date, differences due to starter N, N
rate, N source and post-hilling N applications were apparent using all methods of analysis.

Linear correlations between the sap nitrate analysis and conventional nitrate analysis are presented in
Figures 22, 23, and 24. All R* values were above 0.900, indicating a strong relationship between sap
analysis and conventional petiole analysis. From looking at the data, a better fit might be obtained using
a curvilinear fit and should be investigated in the future. For the time being, however, sap values can be
inserted in the linear equation to determine whether nitrate-N levels are in an adequate range as predicted
from conventional analysis. Overall, the sap test does seem to be useful for determining and predicting N
needs for irrigated potatoes.

SUMMARY

The 1991 season at Becker was ideal for evaluating N losses because of excessive rainfall in May and June.
Nitrogen source, rate, and management significantly affected nitrate losses under irrigated potatoes.
Greatest losses were observed when N was applied early before emergence. Use of urea and slow release N
minimized N losses compared to ammonium nitrate. Post-hilling applications of N also reduced N losses
compared to similar rates of N applied before hilling. Potato yield was primarily affected by N rate. The
greatest yield increase was obtained between the 0 and 120 lb N/A increment. Petiole sap nitrate tests using
portable nitrate electrodes appear to have promise for determining and predicting N needs for irrigated
potatoes.
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Table 1. Effect of nitrogen treatments on fresh weight of vines and tubers. Becker, MN.

Treatment weJ

z

Specific
Vines Knobs <3 oz 3-7 o 7-14 oz >14 oz Total Gravity

N source N timinq Tons/A -cwt/A

1. Control (0 N/A) 1.78 16.8 40.7 195,.4 83.6 2.8 339.3 1.0845

2. (34-0-0) (0,120,120)l 8.08 21.8 38.6 210,.0 188.8 11.9 471.1 1.0850

3. (34-0-0) (40,100,100) 6.99 29.2 42.1 221 .1 184.3 15.9 492. S 1.0875

4. (34-0-0) (80,80,80) 5.60 27.5 47.3 223 .5 179.4 8.2 485.8 1.0885

5. (34-0-0) (120,60,60) 5.30 39.4 53.8 216 .1 169.2" 15.2 493.9 1.0895

6. (34-0-0) (80,80,0) 2.96 35.7 61.2 228,.1 146.0 7.3 478.3 1.0900

7. SR* (80,80,0) 3.09 24.2 51.2 240,.2 173.4 10.6 499.7 1.0890

8. (34-0-0) (40,40,40) 2.97 22.9 51.1 240,.0 158.2 4.9 477.1 1.0895

9. (34-0-0) (40,40,40,404-40)* 7.34 35.6 41.5 221,.4 200.0 13.3 511.8 1.0845

10. (46-0-0) (80,80,80) 7.40 21.5 39.9 218,.4 188.9 7.3 486.6 1.0855

Significance ** ** *» NS •• • ** **

BLSD (0.05) 2.73 13.2 10.1 — 38.9 11.6 41.4 0.0034

Contrasts

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

Quad Starter N (2, 3, 4, 5) NS NS ++ NS NS NS NS NS

Lin Rate N (1, 8, 4) ** ++ NS NS ** NS ** *

Quad Rate N (1,. e, 4) NS NS NS ++ NS NS •• •

Treatment 4 vs 10 NS NS NS NS NS * NS ++

Treatment 7 vs 6 NS ++ NS NS NS NS NS NS

Treatment 8 vs 9 *• * * NS * ++ NS *•

Treatment 4 vs 7 NS NS * NS NS NS NS NS

Treatment 4 vs 9 NS NS NS NS NS NS NS *

1 = Planting, emergence and hilling respectively,
based on sap analysis. NS - Nonsignificant, ++,

- Slow release fertilizer.

** - significant at 10%, 5%,
- Two post-hillings
and 1%, respectively.

Table 2. Effect of nitrogen treatments on the number of tubers per plant. Becker, MN.

Treatment

June 24 July 2 July 16 July 30 Aug. 13 Sept. 10
N source N timing Number of tubers per plant — _

1. Control (0 N/A) 5.88 7.88 8.13 8.75 7.13 9.75

2. (34-0-0) (0,120,120)' 8.63 9.25 10.25 12.50 12.88 9.63

3. (34-0-0) (40,100,100) 10.88 15.88 10.00 10.88 9.50 8.88

4. (34-0-0) (80,80,80) 10.75 13.13 10.88 9.63 11.38 11.00

5. (34-0-0) (120,60,60) 9.75 12.50 11.13 9.13 12.75 9.38

6. (34-0-0) (80,80,0) 13.88 14.25 12.25 9.50 11.00 14.50

7. SR' (80,80,0) 4.25 13.25 10.50 10.38 9.75 13.25

8. (34-0-0) (40,40,40) 6.50 15.13 13.88 11.50 9.25 12.00

9. (34-0-0) (40,40,40,40+40)' 3.25 11.00 10.75 10.63 11.00 12.38

10. (46-0-0) (80,80,80) 10.13 10.38 10.00 8.50 7.50 12.25

Significance NS NS NS NS • NS

BLSD (0.05) — —— — ~ 4.02 ~

Contrasts

Lin !Starter N (2, 3, 4, 5) NS NS NS NS NS NS

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

Lin 1fete N (1, 8, 4) NS ++ NS NS ** NS

Quad Rate N (1, 8, 4) NS • * NS NS NS

Treatment 4 vs 10 NS NS NS NS * NS

Treatment 7 vs 6 ** NS NS NS NS NS

Treatment 8 vs 9 NS NS NS NS NS NS

Treatment 4 vs 7 ++ NS NS NS NS NS

Treatment 4 vs 9 * NS NS NS NS NS

1 = Planting, emergence and hilling respectively,
based on sap analysis. NS - Nonsignificant,

= Slow release fertilizer. ' •=• Two post-hillings
** = significant at 10%, 5%, and 1%, respectively.
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Table 3. Effect of nitrogen treatments on N content and dry matter \production. Becker, MN.

Treatment

Nitrogen content N concentration Dry matter

N source N timing Vines Tubers Total Vine Tubers Vines Tubers

Tons/A—

3.50

Total

ft N

0.801. Control (0 N/A) 13.7 56.0 69.7 0.70 0.97 4.47

2. (34-0-0) (0,120,120)l 58.6 106.5 165.1 1.03 1.07 2.85 5.01 7.86

3. (34-0-0) (40,100,100) 45.7 112.5 158.1 0.86 1.07 2.71 5.26 7.97

4. (34-0-0) (80,80,80) 31.9 113.1 144.9 0.67 1.05 2.37 5.39 7.76

5. (34-0-0) (120,60,60) 28.9 100.8 129.6 0.77 0.92 1.86 5.48 7.34

6. (34-0-0) (80,80,0) 23.9 85.4 109.3 0.85 1.02 1.86 5.24 7.10

7. SR* (80,80,0) 24.0 98.8 122.8 0.58 0.89 2.09 5.52 7.61

8. (34-0-0) (40,40,40) 28.8 94.5 123.3 0.73 0.90 1.99 5.25 7.25

9. (34-0-0) (40,40,40,40+40)' 45.2 124.9 170.2 1.07 1.15 2.10 5.45 7.56

10. (46-0-0) (80,80,80) 44.6 108.5 153.1 0.65 0.82 2.62 5.34 7.97

Significance ** •* ** ** ** ** ** **

BLSD (0.05) 10.8 16.1 19.8 0.19 0.14 0.53 0.52 0.71

Contrasts

(2, 3, 4, 5) ** NS ** ** • • * ++Lin Starter N NS

Quad Starter N (2, 3, 4, 5) NS NS NS * NS NS NS NS

Lin Rate N (1, 8, 4) ** ** ** NS ** ** •* **

Quad Rate N (1, 8, 4) NS NS ++ NS NS NS *• **

Treatment 4 vs 10 * NS NS ++ NS NS NS NS

Treatment 7 vs 6 NS NS NS NS NS NS NS NS

Treatment 8 vs 9 ** ** ** *• *• NS NS NS

Treatment 4 vs 7 NS ++ * NS * NS NS NS

Treatment 4 vs 9 • NS * ** NS NS NS NS

1 = Planting, emergence and hilling respectively,
based on sap analysis. NS - Nonsignificant, ++, '

Slow release fertilizer. ' - Two post-hillings
~ significant at 10%, 5%, and 1%, respectively.

Table 4. Effect of nitrogen treatments on nitrate-N concentration in potato petioles (dry weight basis)
and nitrate concentration in petiole sap, as determined by various procedures. Becker, MN.

Treatment

June 12 June 21

dry weight sap sap sap dry weight sap sap sap

N source N timing Petiole-N Horiba Hach Wescan Petiole-N Horiba Hach Wescan

1. Control (0 N/A) 8619 688 689

ppm-

542 4094 688 626 601

2. (34-0-0) (0,120,120)1 18530 1650 1730 1525 25227 1725 1697 1617

3. (34-0-0) (40,100,100) 17007 1550 1594 1404 24157 1713 1738 1660

4. (34-0-0) (80,80,80) 17129 1513 1573 1368 24920 1663 1683 1629

5. (34-0-0) (120,60,60) 16216 1513 1566 1363 23988 1638 1675 1487

6. (34-0-0) (80,80,0) 16146 1563 1618 1404 17934 1463 1458 1382

7. SR* (80,80,0) 15490 1413 1435 1248 17768 1300 1305 1245

8. (34-0-0) (40,40,40) 14378 1313 1306 1200 19606 1525 1463 1464

9. (34-0-0) (40,40,40,40+40)' 14256 1350 1305 1157 21219 1525 1519 1480

10. (46-0-0) (80,80,80) 17100 1638 1662 1487 24709 1688 1732 1656

Significance ** ** ** ** ** •* ** **

BLSD (0.05) 3323 170 171 105 3236 133 142 116

Contrasts

(2, 3, 4, 5) NS NS ++ ** NS NS NSLin Starter N *

Quad Starter N (2, 3, 4, 5) NS NS NS NS NS NS NS *

Lin IRate N (1, 8, 4) »* ** •• ** ** •* ** **

Quad Rate N (1,• 8, 4) NS *• * ** ** ** ** **

Treatment 4 vs 10 NS NS NS * NS NS NS NS

Treatment 7 vs 6 NS ++ ++ *• NS * ++ •

Treatment 8 vs 9 NS NS NS NS NS NS NS NS

Treatment 4 vs 7 NS NS NS • •• ** ** **

Treatment 4 vs 9 NS ++ ** ** * ++ * *

1 = Planting, emergence and hilling respectively,
based on sap analysis. NS = Nonsignificant,

Slow release fertilizer. ' - Two post-hillings
significant at 10%, 5%, and 1%, respectively.
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Table 4 cont. Effect of nitrogen treatments on nitrate-N concentration in potato petioles (dry weight
basis) and nitrate concentration in petiole sap, as determined by various procedures. Becker, MN.

Tre?fmont

1July July IS

dry weight sap sap sap dry weight sap sap sap

N source N timing Petiole-N Horiba Hach Wescan Petiole-N Horiba Hach Wescan

—ppm

1. Control (0 N/A) 244 100 47 38 169 69 16 13

2. (34-0-0) (0,120,120)' 24833 1663 1622 1593 13084 1163 1121 1075

3. (34-0-0) (40,100,100) 21726 1525 1479 1497 11020 913 880 869

4. (34-0-0) (80,80,80) 19642 1488 1459 1392 6515 704 670 650

5. (34-0-0) (120,60,60) 15155 1175 1129 1111 4747 436 418 377

6. (34-0-0) (80,80,0) 6341 S66 530 494 1348 201 148 149

7. SR' (80,80,0) 4362 520 469 464 1322 226 176 165

8. (34-0-0) (40,40,40) 10810 888 874 837 2434 309 274 266

9. (34-0-0) (40,40,40,40+40)' 18611 1450 1306 1403 8182 813 821 769

10. (46-0-0) (80,80,80) 19079 1438 1435 1372 9814 913 899 859

Significance •* »• *• ** •• •* ** **

BLSD (0.05) 4061 191 222 168 4328 216 220 208

Contrasts

(2, 3, 4, 5) ** ** ** •• »» •* **Lin iStarter N ••

Quad Starter N (2, 3, 4, 5) NS NS NS NS NS NS NS NS

Lin 1Rate N (1, 8, 4) ** • • • * ** •* »» *# **

Quad Rate N (1,, 8, 4) NS NS NS NS NS NS NS NS

Treatment 4 vs 10 NS NS NS NS NS ++ ++ ++

Treatment 7 vs 6 NS NS NS NS NS NS NS NS

Treatment 8 vs 9 • • •• *• ** ** *• ** **

Treatment 4 vs 7 • * ** ** ** • ** ** *#

Treatment 4 vs 9 NS NS NS NS NS NS NS NS

' - Slow release fertilizer. ' - Two post-hillings
, ** - significant at 10%, 5%, and 1%, respectively.

1 ° Planting, emergence and hilling respectively,
based on sap analysis. NS •=• Nonsignificant, ++,

Table 4 cont. Effect of nitrogen treatments on nitrate-N concentration in potato petioles (dry weight
basis) and nitrate concentration in petiole sap, as determined by various procedures. Becker, MN.

Treatment

July 29

Date-

August 12

dry weight sap sap sap dry weight sap sap sap

N source N timing Petiole-N Horiba Hach Wescan Petiole-N

A

Horiba Hach Wescan

ppn

1. Control (0 N/A) 633 125 73 38 127 43 26 5

2. (34-0-0) (0,120,12c)1 6952 663 662 575 1446 265 272 274

3. (34-0-0) (40,100,100) 6092 663 640 570 1006 179 182 147

4. (34-0-0) (80,80,80) 3502 539 537 451 873 153 151 121

5. (34-0-0) (120,60,60) 2995 423 406 341 471 133 129 94

6. (34-0-0) (80,80,0) 905 236 200 158 153 51 38 11

7. SR' (80,80,0) 2564 248 191 159 164 58 36 16

8. (34-0-0) (40,40,40) 905 166 126 93 121 61 50 24

9. (34-0-0) (40,40,40,40+40)' 10918 950 974 886 2920 331 321 296

10. (46-0-0) (80,80,80) 7327 700 701 618 1122 220 257 195

Significance ** *• ** ** ** ** ** **

BLSD (0.05) 2358 147 133 131 692 109 116 105

Contrasts

(2, 3, 4, 5) *« ** ** ** ** * **Lin Starter N
**

Quad Starter N (2, 3, 4, 5) NS NS NS NS NS NS NS NS

Lin Rate N (1, 8, 4) • *• ** ** * • * •

Quad Rate N (1, 8, 4) NS * •• ** NS NS NS NS

Treatment 4 vs 10 ** • * * NS NS ++ NS

Treatment 7 vs 6 NS NS NS NS NS NS NS NS

Treatment 8 vs 9 • * ** ** • • *» ** *• ••

Treatment 4 vs 7 NS ** •• • * ++ ++ ++ ++

Treatment 4 vs 9 ** ** •• • • •* •* ** **

1 = Planting, emergence and hilling respectively,
based on sap analysis. NS - Nonsignificant, ++,

- Slow release fertilizer. ' - Two post-hillings
•» - significant at 10%, 5%, and 1%, respectively.
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Table 5. Effect of nitrogen treatments on soil nitrate-N and ammonium-N concentrations in the top foot of
soil at hilling (ppm + one standard deviation). Becker, MN.

1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

Treatment

N source N timing

Control

(34-0-0)

(34-0-0)

(34-0-0)

(34-0-0)

(34-0-0)

SR*

(34-0-0)

(34-0-0)

(46-0-0)

(0 N/A)

(0,120,120)»
(40,100,100)
(80,80,80)

(120,60,60)
(80,80,0)

(80,80,0)

(40,40,40)
(40,40,40,40+40)*
(80,80,80)

Nitrate-N

2.17

5.24

4.20

3.56

4.99

2.81

3.51

3.26

3.21

3.57

0.28

2.04

2.40

1.43

1.38

01

79

66

04

38

1 = Planting, emergence and hilling respectively,
based on sap analysis.

In row

-ppm-

Ammonium-N

2,,54 + 1,.02

3,.66 + 0,.92

3.,51 + 1,.70

3.,48 + 0,,53

2.,56 + 0,,78

3,,29 + 0,.93

3,.88 + 0,.26

2,.01 + 0,.47

2.,69 + 1,.07

2,,95 + 0,.56

Slow release fertilizer. ' - Two post-hillings

Table 6. Effect of nitrogen treatments on soil nitrate-N in the top 3 ft. (pounds per acre + one standard
deviation) at the end of the growing season. Assumes half the field was in-row and the
other half was between-row. Becker, MN.

Treatment

N source

Control

N timing

(0 N/A)

In-row

1. 8.73 + 3.31

2. (34-0-0) (0,120,120)* 8.67 + 2.82

3. (34-0-0) (40,100,100) 8.71 + 4.18

4. (34-0-0) (80,80,80) 9.40 + 3.07

5. (34-0-0) (120,60,60) 9.83 + 4.92

6. (34-0-0) (80,80,0) 10.80 + 2.19

7. SR* (80,80,0) 11.18 + 4.12

8. (34-0-0) (40,40,40) 8.74 + 1.36

9. (34-0-0) (40,40,40,40+40)' 9.67 + 2.67

10. (46-0-0) (80,80,80) 10.71 + 4.18

1 = Planting, emergence and hilling respectively,
based on sap analysis.

Between-row

Pounds per acre-

10,,79 + 2 ,70

11.,40 + 4,.62

9,,80 + 4,.35

12,,39 + 2 .52

13,,08 + 3 .90

11,.01 + 2 .34

12,.81 + 6,.40

10.,64 + 2,,28

12.,63 + 2,,71

14.,84 + 3,,50

Field total

19.43

20.07

18.51

21.79

22.91

21.81

23.99

19.38

22.30

25.55

10.85

14.57

16.45

10.93

17.34

8.93

19.60

6.89

10.54

15.07

' - Slow release fertilizer. ' - Two post-hillings
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Figure 2. Nitrate - N concentration in soil water at two depths over the 1991 growing season.
Nitrogen application rate: no nitrogen. Error bars represent SE of the mean.
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Figure 3. Nitrate - N concentration in soil water at two depths over the 1991 growing season.
Nitrogen application rate: 120 lb N/A at emergence and hilling (34-0-0). Error
bars represent SE of the mean.
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Figure 4. Nitrate - N concentration in soil water at two depths over the 1991 growing season.
Nitrogen application rate: 40 lb N/A at planting, 100 lb at emergence and
hilling (34-0-0). Error bars represent SE of the mean.
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Figure 5. Nitrate • N concentration In soil water at two depths over the 1991 growing season.
Nitrogen application rate: 80 lb N/A at planting, emergence and hilling - (34-0-0).
Error bars represent SE of the mean.
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Figure 6. Nitrate - N concentration in soil water at two depths over the 1991 growing season.
Nitrogen applicationg rate: 120 lb N/A at planting, 60 lb at emergence and
hilling (34-0-0).
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Error bars represent SE of the mean.
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Figure 8. Nitrate - N concentration in soil water at two depths over the 1991 growing season.
Nitrogen application rate: 80 lb N/A at planting and emergence - slow release.
Error bars represent SE of the mean.
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Figure 9. Nitrate - N concentration in soil water at two depths over the 1991 growing season.
Nitrogen application rate: 40 lb N/A at planting, emergence and hilling - (34-0-0).
Error bars represent SE of the mean.
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Figure 10. Nitrate - N Concentration in soil water at two depths over the 1991 growing season.

Nitrogen application rate: 40 lb N/A at planting, emergence, hilling and two
post-hillings - (34-0-0).
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Figure 11. Nitrate -N concentration in soil water at two depths over the 1991 growing season.
Nitrogen application rate: 80 lb N/A at planting, emergence and hilling • (46-0-0).

Error bars reoresent SE of the mean.
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Figure 12. Dry matter (A) and nitrogen (B) accumulation in potato roots, vines and tubers
during the 1991 growing season. Nitrogen application rate: no nitrogen.
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Figure 13. Dry matter (A) and nitrogen (B) accumulation in potato roots, vines and tubers
during the 1991 growing season. Nitrogen application rate: 120 lb N/A at emergence
and hilling • (34-0-0).
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Figure 14. Dry matter (A) and nitrogen (B) accumulation in potato roots, vines and tubers
during the 1991 growing season. Nitrogen application rate: 40 lb N/A at planting,
100 lb at emergence and hilling - (34-0-0).
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Figure 15. Dry matter (A) and nitrogen (B) accumulation in potato roots, vines and tubers
during the 1991 growing season. Nitrogen application rate: 80 lb N/A at planting,
emergence and hilling - (34-0-0).
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Figure 16. Dry matter (A) and nitrogen (B) accumulation in potato roots, vines and tubers
during the 1991 growing season. Nitrogen application rate: 120 lb N/A at planting,
60 lb at emergence and hilling • (34-0-0).
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Figure 17. Dry matter (A) and nitrogen (B) accumulation in potato roots, vines and tubers
during the 1991 growing season. Nitrogen application rate: 80 lb N/A at planting
and emergence - (34-0-0).
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Figure 18. Dry matter (A) and nitrogen (B) accumulation in potato roots, vines and tubers
during the 1991 growing season. Nitrogen application rale: 80 lb N/A at planting
and emergence - slow release.
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Figure 19. Dry matter (A) and nitrogen (B) accumulation in potato roots, vines and tubers
during the 1991 growing season. Nitrogen application rate: 40 lb N/A at planting,
emergence and hilling - (34-0-0).
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Figure 20. Dry matter (A) and nitrogen (B) accumulation in potato roots, vines and tubers
during the 1991 growing season. Nitrogen application rate: 40 lb N/A at planting,
emergence, hilling and two post-hillings (34-0-0).
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Figure 21. Dry matter (A) and nitrogen (B) accumulation in potato roots, vines and tubers
during the 1991 growing season. Nitrogen application rate: 80 lb N/A at planting,
emergence and hilling - (46-0-0).
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PHOSPHORUS REQUIREMENTS FOR IRRIGATED POTATOES - 1991

Carl Rosen, Dave Birong, and Glenn Titrud

ABSTRACT: Response of irrigated potatoes to phosphate fertilizer on low and high P
testing sites was evaluated. Soft rot was a problem at emergence in all plots and
caused high variability in the data. There was a slight trend at both sites for
increasing yield with P fertilizer application; however, further experiments will
have to be conducted without soft rot problems to draw any conclusions on optimum P

rates for potato production.

'Little research has been conducted that defines the phosphorus requirements of potato on high P testing
soils. Many soils used for irrigatedpotato production are natively high in P or have been built up to high
levels of P through continuous use of phosphate fertilizers. Currently, high rates of phosphate fertilizer
are recommended on soils testing above 25 ppm. The objective of this study therefore, was to evaluate the
response of Irrigated potatoes to phosphate fertilizer on both high and low P testing soils.

PROCEDURES; Two sites at the Sand Plain Research Farm in Becker, Minn, were selected for this study. The
soil at both sites are Hubbard loamy sands and were selected based on their Bray PI extractable P
concentrations - one a 'low' P site and the other a 'high' p site. Characteristics of each site were as
follows:

High P site Low P site

Previous crop Rye Alfalfa
Soil pH (1:1 - soil.-water) 5.3 6.0
Bray PI 54 ppm 18 ppm
K - NH40Ac 149 ppm 93 ppm

Prior to planting, 250 lb sul-po-mag and 100 lb K,0 (as 0-0-60) were broadcast applied and incorporated in
both sites. At planting, all plots received 70 lb N/A and 200 lb KjO as a band application. Phosphate
fertilizer (triple superphosphate, 0-46-0) treatments were as follows: 0, 50, 100, 150, 200, 250 lb P20./A.
Phosphate fertilizer was applied as a band 3 inches to each side and 2 inches below the row. Nitrogen was
applied at the rate of 70 lb N/A at emergence (May 26), 70 lb N/A at hilling (June 12), Russet Burbank "A"
size cut potatoes were planted on May 2, 1991 at a spacing of 36" between rows and 10" within the row. Each
plot consisted of six, 20' rows. The experimental design was a randomized complete block with four
replications. Due to soft rot problems at emergence, half the plots had to be eliminated. Therefore, the
analysis is based on two reps from each site. Each site was irrigated according to the checkbook method for
potatoes. Recently matured leaves (leaflets plus petioles) were sampled on July 11 and dried for subsequent
nutrient analysis. Whole plant samples (five plants per plot) were also collected on July 11 and separated
into roots, vines, and tubers. Tubers were counted and plant parts were dried at 60C for two weeks and then
weighed. The two middle rows of each plot were harvested on Sept. 18 and tubers were graded according to
weight classes: <4 oz, 4-7 oz, 7-14 oz, and >14 oz.

RESULTS: Dry weight of vines, roots, and tubers sampled in July are presented in Tables 1 and 2. For the
high P testing site, phosphate fertilizer increased dry weight of vines, but not roots or tubers. Tuber
number was not affected by phosphate fertilizer application. For the low P testing site, phosphate
fertilizer had no significant effect on dry weight of the various plant parts; although there was a slight
trend for Increasing tuber number with phosphate fertilizer application.

Tuber yield and size distribution are presented in Tables 3 and 4. For the high P testing site, phosphate
fertilizer tended to increase total tuber yield, primarily due to an increase in the 7-14 oz potatoes. At
rates high than 150 lb P,05/A, yields tended to decrease. Reasons for this decrease are not known. For the
low P testing site, phosphate fertilizer had no significant effect on total yield; although yields in the
control plots were numerically the lowest. There was a trend for increasing 4-7 oz size potatoes with
phosphate fertilizer application. Soft rot problems caused extreme variability in the data at both sites
and results should therefore be interpreted with caution. Phosphate fertilizer had no effect on specific
gravity of the tubers.

Elemental composition of the most recently matured leaf sampled in July is presented in Tables 5 and 6.
Concentrations of leaf P, Ca, and Mg generally increased and K decreased with increasing phosphate fertilizer
application in the low testing site. For the high testing P site, concentrations of leaf nutrients were not
affected by phosphate fertilizer application.

This study will be continued in next year to obtain data without the influence of soft rot.

'We thank the R. D. Offutt Co. for providing funds to support this project.
aExt. Soil Scientist and Jr. Scientist, respectively, Dept. of Soil Sci.; Director, Sand Plain Research Farm.
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Table 1. Effect of phosphate fertilizer on dry matter of vines, roots, tubers,
July 11, 1991. Previous crop - Rye; initial soil test P - 54 ppm.

and number of tubers sampled

Phosphate Treatment Plant Part Number of tubers

lb PtO,/A vines roots tubers per 5 plants

0

50

100

150

200

250

Pr>F

Lin P,Oj

Quad P,0,
Cubic Pj05

1.69

2.10

1.S7

3.36

2.64

2.39

0.06

++

NS

NS - nonsignificant; ++ » significant at 10%

0.24 0.56

0.22 0.56

0.22 0.77

0.29 0.79

0.25 0.56

0.27 1.26

0.86 0.31

NS NS

NS NS

NS NS

39

45

38

53

36

71

0.36

NS

NS

NS

Table 2. Effect of phosphate fertilizer
July 11, 1991. Previous crop

on dry matter of vines, roots, tubers
- alfalfa; initial soil test P - 18

, and number of tubers sampled
ppm.

Phosphate Treatment Plant Part Number of tubers

lb P,0»/A vines roots tubers par 5 plants

0

50

100

150

200

250

Pr>F

Lin P,05
Quad P,0,
Cubic PtOa

2.30

1.86

2.36

2.80

2.42

3.28

0.50

NS

NS

NS

0.25 0.48

0.24 0.55

0.27 0.66

0.24 0.51

0.25 0.60

0.32 0.99

0.70 0.66

NS NS

NS NS

NS NS

55

48

60

41

49

67

0.18

NS

++

NS

NS = nonsignificant; ++ = significant at 10%

Table 3. Effect of phosphate fertilizer on yield and specific gravity of Russet Burbank potatoes,
crop - Rye; Initial soil test P - 54 ppm.

Previous

Phosphate Treatment
lb PA/A

0

50

100

150

200

250

Pr>F

Lin P,0$
Quad PA
Cubic P,0,

Knobs

8.3

7.2

7.7

9.0

8.2

8.5

0.99

NS

NS

NS

Tuber Yield

Tuber Size

<4 oz 4-7 oz

cwt/A-

11.5 177.6

12.0 135.9

11.5 171.3

14.0 185.9

17.0 197.9

16.1 183.9

0.68 0.31

NS NS

NS NS

NS ++

7-14 oz

105.1

191.7

154.3

161.6

118.8

124.6

0.05

NS
*

>14 oz

6.5

19.9

4.6

6.0

0.0

13.4

0.31

NS

NS

NS = nonsignificant, ++ » significant at 10%, significant at 5%.

Total

309.0

366.7

349.5

376.6

342.0

346.5

0.05

NS
*

NS

Specific
Gravity

1.0830

1.0825

1.0810

1.0820

1.0810

1.0820

0.97

NS

NS

NS
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Table 4. PreviousEffect of phosphate fertilizer on yield and specific gravity of Russet Burbank potatoes,
crop - alfalfa; initial soil test P - 18 ppm.

Tuber Yield

Total

Phosphate Treatment
Knobs

Tuber Size Specific

lb PA/A <4 oz 4-7 oz 7-14 oz >14 oz Gravity

0

50

100

150

200

250

Pr>F

Lin P,0,
Quad PA
Cubic PA

NS = nonsignificant,

5,

5.

6.

14.

6.

3,

0.69

NS

NS

NS

7.0

9.2

8.5

10.1

12.0

8.7

0.67

NS

NS

NS

cwt/A-

135.1

193.9

167.4

169.1

188.6

185.1

0.02
*

NS

significant at 5%.

132.8

151.4

149.0

119.9

126.8

183.6

0.52

NS

NS

NS

18.0

14.8

0.0

9.0

12.6

13.6

0.75

NS

NS

NS

298.7

375.1

331.3

323.1

346.2

394.7

0.29

NS

NS

NS

1.0820

1.0865

1.0815

1.0850

1.0830

1.0835

0.38

NS

NS

NS

Table 5. Effect of phosphate fertilizer on elemental composition of recently expanded potato leaves
(leaflets + petioles) sampled July 11, 1991. Previous crop - rye; Initial soil test P - 54 ppm.

Phosphate Treatment

lb PA/A

0

50

100

150

200

250

Pr>F

Lin PA
Quad PA

Cubic P,Oj

NS - nonsignificant.

4.99

5.00

4.82

4.90

4.91

0.32

0.29

0.31

0.34

0.31

5.51

5.26

5.60

5.65

5.01

Ca

0.61

0.56

0.54

0.60

0.57

5.12 0.33 5.33 0.61

0.43

NS

NS

NS

0.52

NS

NS

NS

0.07

NS

NS

NS

0.67

NS

NS

NS

Element

Mg

0.40

0.36

0.37

0.41

0.38

0.40

0.68

NS

NS

NS

Fe

116

103

107

105

99

103

0.93

NS

NS

NS

Mn

280

226

232

265

189

217

0.68

NS

NS

NS

Zn

ppm

20

17

18

21

21

18

0.67

NS

NS

NS

Cu

7.6

3.8

3.8

4.0

3.0

3.7

0.38

NS

NS

NS

Table 6. Effect of phosphate fertilizer on elemental composition of recently expanded potato
leaves (leaflets + petioles) sampled July 11, 1991. Previous crop - alfalfa; initial
soil test P - 18 ppm.

25

22

24

26

21

24

0.26

NS

NS

NS

Phosphate Treatment Element

lb PA/A N P K Ca Mg Fe Mn Zn Cu B

VMM

0 5.29 0.38 4.94 0.76 0.62 104 125 24 10.7 28

50 5.20 0.35 4.82 0.77 0.64 101 114 23 10.8 28

100 5.35 0.37 4.84 0.84 0.65 96 125 23 9.1 26

150 5.15 0.38 4.58 0.88 0.69 105 125 22 9.8 27

200 5.44 0.46 4.96 0.90 0.74 110 122 26 11.6 26

250 5.42 0.40 4.23 0.87 0.69 106 127 25 9.7 24

Pr>F 0.38 0.02 0.01 0.17 0.10 0.07 0.97 0.20 0.60 0.36

Lin PA NS * *• * * NS NS NS NS ++

Quad PA NS NS NS NS NS NS NS NS NS NS

Cubic PA NS * NS NS NS * NS NS NS NS

NS - nonsignificant, * = significant at 5%, ** - significant at 1%.
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NITROGEN EFFECTS ON QUALITY OF SELECTED SUGAR BEET VARIETIES!'

John A. Lambi'

During recent years, climate has caused, for some, difficulty in managing soil NGy-N contents for sugar beet
production. After studying the fall 1991 soil samples, this problem will continue into the 1992 production
season. One possible management strategy would be to select a sugar beet variety which has low impurities.
Most varietal development and testing is done under optimum soil N conditions. The objective of this study
is to determine if there is a need to tailor variety selections to the nitrogen status of a producer's field.

This report is the combination of data from seven sites where this study was conducted from 1989 to 1991.
Data from three locations was not used because of drought, root magot damage, and disease infestation. The
other four locations were near Casselton, ND in 1990 and 1991 (CASS90 & CASS91), the Northwest Experiment
Station, Crookston, MN in 1990 (NWES90), and near Bird Island, MN in 1990 (SOMN90). The treatments included

three varieties with the following characteristics: 1) low amino-N (LAN), 2) low K, Na, and amino-N (LKNAN),
and 3) high K, Na, and amino-N (HKNAN). Thesevarieties were selected from the American Crystal Sugar Coded
variety trial results for these characteristics. The varieties were grown on soil with two N levels (soil
NO,-N to 0-2 ft. + fertilizer) of 100 and 300 lb. N/A at the NNES90, CASS90, and CASS91 sites. The SOMN90
site's N levels were 84 and 211 lb. N/A. At each location the experimental.design was a split plot with four
replications. Nitrogen levels were the main plot with varieties the subplot. The subplot size was 14.7 ft.
(8 rows) wide and 35 feet long. Sugar beet seed was overplanted in early May and thinned to a 125 plant per
100 foot of row. Roots were harvested late September and quality determined at American Crystal Sugar's Tare
Lab in East Grand Forks, MN.

Results and Discussion

Root Yield: Root yields were increased by N an average of 2.7 T/A at three of the four locations, Table 1.
On the average, the HKNAN variety had the greatest root yield, although at two locations, at the 300 lb. N/A
level, this was not the case.

Sucrose Concentration: In the overall analysis, sucrose concentration was reduced by additional N (Tables
2 & 3). No trend occurred for varieties.

Recoverable Sucrose (lb/A): N level affected recoverable sucrose per acre in three of four locations (Table
4). Recoverable sucrose was increased 533 lb/A at NWESO and 662 lb/A at SOMN90. At CASS91, recoverable
sucrose was reduced 585 lb/A by elevated N level. The HKNAN variety on the average had the greatest
recoverable sugar per acre with LAN Intermediate, and LKNAN the least. There are some departures from this
trend at NWES90 and CASS90 at the 300 lb. N level and SOMN90 at the 100 lb. N level.

-' Funding provided by North Dakota and Minnesota Sugarbeet Research and Education Board and Minnesota
Agricultural Experiment Station.

ii Associate Professor, Department of Soil Science, University of Minnesota, St. Paul, MN
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Table 1. Means and statistical analyses for root yield as affected
by N level and variety. 1990-1991.

NWES CASS SOMN CASS

Variety N Level 90 90 90 91 Mean

lb/A T/A —

LKNAN 100 11.3 19.8 8.5 19.9 14.9

LAN 100 11.9 18.8 12.2 20.7 15.9

HKNAN 100 12.2 20.4 12.5 22.5 16.9

LKNAN 300 16.3 22.4 12.1 20.4 17.0

LAN 300 13.9 20.8 14.7 20.9 17.6

HKNAN 300 13.3 21.7 16.8 22.1 19.2

Statistical Analyses

N Level (N) ** ++ •* NS

Variety (V) • *• * **

N X V NS NS NS NS

C.V. 10.7 3.8 19.6 4.3

**, *, and ++ are 0.01, 0.05, and 0.10 significance levels, respectively.

Table 2. Combined statistical analyses for root yield, sucrose concentration,
recoverable sucrose per acre, recoverable sugar per ton of processed
sugar beet, loss to molasses, and dollar return per acre for all four
locations, 1990-1991.

Recoverable Loss $

Source of Root Sucrose Sucrose to Return

Variation Yield. Cone. lb./A lb/T Molasses Acre

Location (L) ** ** •• ** ** •*

N Level <N) ++ ++ NS * * NS

L X N * NS •* NS NS ••

Variety (V) ++ ++ « NS • *•

L X V •* NS NS NS NS NS

N X V NS NS NS NS NS NS

L X N X V NS NS NS NS NS NS

C.V. 9.2 4.2 10.4 5.6 8.5 13.3

", and ++ are 0.01, 0.05, and 0.10 significance levels, respectively.
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Table 3. Means and statistical analyses for sucrose concentration
as affected by N level and variety. 1990-1991.

NNES CASS SOMN CASS

Variety N Level 90 90 90 91 Mean

lb/A

LKNAN 100 16.5 16.9 13.9 15.3 15.6

LAN 100 17.8 17.9 14.0 16.2 16.5

HKNAN 100 17.1 17.9 13.8 16.0 16.2

LKNAN 300 16.9 17.3 13.5 14.7 15.5

LAN 300 16.0 17.6 13.8 14.6 15.5

HKNAN 300 16.6 17.3 13.3 14.7 15.6

Statistical Analyses

N Level (N) NS NS NS **

Variety (V) NS •* NS NS

N X V NS NS NS NS

C.V. 5.3 2.3 3.7 4.9

** is the 0.01 significance level.

Table 4. Means and statistical analyses for recoverable sucrose
per acre as affected by N level and variety, 1990-1991.

NWES CASS SOMN CASS

Variety N Level 90 90 90 91 Mean

lb/A

LKNAN 100

LAN 100

HKNAN 100

LKNAN 300

LAN 300

HKNAN 300

Statistical Analyses

N Level (N) ** NS ++ ++

Variety (V) * NS * NS
N X V ++ * NS NS

C.V. 10.3 4.4 20.7 10.5

**, *, and ++ are 0.01, 0.05, and 0.10 significance levels, respectively.

Recoverable Sucrose Per Ton: The overall analyses of all locations suggests that the increased N level
decreased the amount of sucrose recovered from a ton of processed sugar beet (Table 2 and Table 5).
Varieties did not affect the overall recoverable sucrose per ton (Table 2).

Loss to Molasses: Loss to molasses was increased 0.21% by the excess nitrogen situation (Table 2 and Table
6). As expected, the HKNAN variety had the greatest loss to molasses (1.95%). The loss to molasses for the
LAN was 1.84% and 1.75% for the LKNAN. There was no significant N level by variety interaction which means
the variety with the least loss to molasses was the same under both N levels (LKNAN) and the variety with
the greatest loss to molasses was the same under both N levels (HKNAN).

Dollar Return Per Acre: The economic effect of these treatments is the bottom line for decision making for
producers (Table 7). Increased nitrogen level increased returns at NWES90 by $43 but decreased returns by

3368 6029 2079 5234 4177

3808 6121 2958 5720 4652

3669 6625 2919 6170 4846

3877 6940 2776 4994 4647

3831 6584 3455 5054 4731

4735 6691 3712 5319 5114


