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CLIMATIC NOTES OF 1975

Donald G. Baker

1. Current Soil Moisture Supplies In Minnesota.

Soil moisture reserves in some areas of the state as of January, 1976, are
well below normal. This has occurred because of the very dry latter
half of the 1975 summer when the crops drew upon all or nearly all of the
water in the soil. Then in many areas the autumn rains were insufficient
to raise the reserves back to normal. As a result of the general rains
of early November and the rain-snow storm of November 19-20 the soil
moisture reserves are now equal or even somewhat higher than they were one
year ago. However, the current soil water reserve level is still below
average.

The map, Fig. 1, based upon late fall soil moisture samples and the
"effective" precipitation of late summer and September-October-November
shows two dry areas within the state. The "effective" precipitation
excludes snow because most of it runs off as meltwater in the spring and
thus adds little to soil water reserves. The soil samples used in the
survey were taken by the Soil Conservation Service of the U.S. Department
of Agriculture and the University of Minnesota Agricultural Experiment
Stations.

One of the two major dry areas is in northwestern Minnesota. The dry
condition is most severe in Kittson and northern Roseau counties where
soil water is estimated to be 4 inches below average. It is somewhat less
severe in western Polk, northwestern Lake of the Woods and southern Roseau
counties. Here soil water is 2-3 inches below average.

A second area that is nearly as severe is centered in western Redwood
county, eastern Lyon county and southeastern Yellow Medicine county. It
is estimated that the soil moisture is 3 inches below average. A large
area where the soil moisture is 2 inches below average surrounds the above
3 counties and extends on either side of the Minnesota river to as far
east as Sibley and Nicollet counties. This area includes parts or all of
Big Stone, Swift, Chippewa, Renville, McLeod, Brown, Cottonwood and Lac
Qui Parle counties.

For the remainder of the state the soil moisture reserves are estimated
to be either 1 inch below average or about average for this time of year.

Probably most soils have sufficient water in the first 1-2 feet for sprina
SlfSi1"? IueVNn ln,1mo?t of the dr* areas- Although, here too aproblem may
raiid iL-nn nVtZ W1"*er con*]™el and th* surface soil thaws/permittingrapid drying of the surface soil and the distinct possibility of wind
l?nrT^ H°Meier' U ?S witl? the dry subsoil that most "ncern must be
tZZnle?;**ynlesf spH"? rains are Ideally distributed or are higher than
JhE9?.1!"16 !"Hr W1l] P?rcolate Into the deeper depths. If water is
still lacking at these depths this coming growing season the full season



Fig. 1. Estimated departure
in inches from mean
of the 1975 fall soil
moisture recharge
for Minnesota. Map
prepared by
E.L. Kuehnast, State
Climatologist,
Dept. of Natural
Resources, State of
Minnesota.



crops such as soybeans and corn will have little to sustain them during
July and August. It is in these two months, when precipitation is ordinar
ily insufficient for crop water requirements, that the deeper rooted
plants must draw upon the subsoil water reserves in order to survive.

2. Soil Moisture Profiles, Fall, 1975.

The profiles shown in Fig. 2 are from six different sites with all,
except for Bertha in Todd County, lying 1n the southern one-quarter of
the state. Only the Hayfield (Dodge Co.) and Kellogg (Wabasha Co.) profiles
show an adequate amount of water in the profile, although even here caution
must be exercised. This is because the Hayfield profile shows little or
no water available in the fourth and fifth feet of the soil profile.

Fig. 3 shows that based upon the December 19 Lamberton profile apparently
some of the November 1975 precipitation did enter the soil. Therefore
the soil moisture situation is somewhat more optimistic than the results
shown in Fig. 2 would indicate. The Lamberton site shown in Fig. 3 is in
about the currently driest part of southwestern Minnesota. The increase
that occurred between October 27 and December 19 is probably indicative
of what happened in that whole area. Unless the first 6 inches should
dry out as a result of the "open" and warm February (and perhaps March?)
Fig. 3 indicates that there is enough water present in the soil for at
least the early stages of plant growth. But, as noted earlier, the real
concern is not for the spring period. Rather it is for the months of
July and August when the plants are forced to draw upon the subsoil reserves
(the third, fourth and fifth feet of soil) in order to survive, that real
concern must be expressed.

At the Southwest Agricultural Experiment Station near Lamberton in Redwood
County the soil has been sampled at least once per month during the grow
ing season since 1960. The soil is Nicollet silty clay loam, and a five
foot column of soil can hold about 10 inches of readily available water.
The sampling site has been in corn since 1960. Fig. 4 compares the 1975
season with the mean of the last 16 years, 1960-1975. In the average
season the soil contains about 7 inches of water in very early June.
From that time on the mean precipitation is insufficient to meet crop
needs and the soil water is drawn down until the end of August. At this
time the precipitation ordinarily is greater than the plants consume, and
as a result the soil moisture reserves show a relatively rapid increase.
This period, late summer and autumn, is extremely important with respect
to the water reserves in the soil. That is because it is during this
period when precipitation is most efficiently used with respect to adding
to the soil water reserves.
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—c The course of events in 1975 is shown in Fig. 4. Curiously, 1975 was very
! ! much like 1974. (See for example Fig. 5 and also last year's summary of

the 1974 weather.). That is, little rain fell after mid-June in either
1974 or 1975 and both summers and autumns were very dry. Then an
unusually wet spring resulted in a buildup of the soil water which permitted
the crop to survive the following dry summer. However, dry as the 1975
summer was in most parts of south-centra,l and particularly southwestern
Minnesota, the decrease in crop yields was not entirely due to this factor.
In fact the dryness may have been secondary with respect to corn yield
losses. The circumstance which has often been overlooked in the concern
over lack of rain was that some very high air temperatures occurred during
the silking and tasseling period of corn in the latter part of July. But,
whether this was a primary factor or not, it certainly was an important
and contributing factor to yield decreases. (The average number of days
at Lamberton with temperatures equal to or greater than 90°F is 6.5 for the
period 1961-1975. In 1975 there were 17 days!).

3. Outlook for Spring 1976 (with E.L. Kuehnast, State Climatologist, D.N.R.).

February 1976 ranks as one of the 10 warmest February's on record in
Minnesota. This is particularly evident in the temperatures occurring in
central and southern Minnesota. The warmest February's since 1900 were 1931
and 1954. Both were nearly 15°F above normal for the state as a whole.

Based on the 10 warmest February's on record in Minnesota, statistics
r^\ show that about 6 of the following March's and 9 of the following April's

were above normal. However, the succeeding May's had on the average
slightly below normal temperatures.

The presence of a snow cover means that under otherwise equal conditions
air temperatures will be about 10°F colder than if there were no snow on
the ground. This temperature difference occurs because the soil absorbs
some 70-85$ of the sun's radiation whereas a snow cover reflects 60-90% of
the sun's rays. The greater absorption of solar radiation in an "open"
winter, such as experienced in Iowa and extreme southern Minnesota this
year, heats the soil which in turn warms the air. This feature plus
extremely mild air from the Pacific has resulted in the very mild February
and the disappearance of snow in nearly all of the southern one-half of the
state.

Records in Minnesota after the warm February's of 1931 and 1954 show the
occurrence of blowing dust in the second and third weeks of April, which is
also normally the windiest month of the year. On the average Minnesota
soils thaw out near mid-April, and in 1-2 weeks time they become warm
enough for corn planting. This results in a minimum of time in which soils
are exposed to wind erosion before being worked. However, an earlier than
usual soil thaw in 1976 does not mean an earlier planting, because there
remains the chance of a cold air outbreak that would damage the seedlings
emerging from the soil. As a result the soil in spring 1976 may be exposed
to wind for an extra interval of time before planting is done.
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Windier conditions than usual are common in dry periods because the energy
normally used in evaporation is available for heating the air and the
soil. This in turn results in increased air movement.

The relatively warm and dry fall of 1975 permitted many farmers to do
most of their plowing at that time. This together with a relatively open
winter and an expected warm April increases the probability of wind
erosion this spring.
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1975 WEATHER AND SOIL MOISTURE

R. K. Severson and G. W. Wallingford

WEATHER SUMMARY 1975

The Red River Valley experienced two major record-setting storms during
1975. The blizzard of January 11 and 12 was rated as the most severe blizzard
of the century by many meteorologists. A second major storm in July, which
came in the form of torrential thunderstorms together with isolated tornadoes
causing intensive flooding in the southern and northern parts of the valley.

Precipitation in April, June, and October was at least one inch above the
85-year averages for those months. In contrast, precipitation in May, July,
August, and September was at least one inch below the 85-year averages. July
ranked the second driest July in Crookston1s 85 year weather history with July,
1967, the only month with less precipitation.

The total precipitation for the year was 16.05 inches which is 4.68 inches
less than the 85-year average. Of this 16.05 inches, 13.76 inches fell as rain
and the remaining 2.29 inches were received in the form of 42.5 inches of snow.
The moisture content of the snow for 1975 (0.054/1 in. snow) was less than the
long time average of 0.77 inch/1 inch of snow. Table 1 shows the weather sum
mary data for 1975 Including precipitation, mean temperature, and long-time
averages.

The last spring frost occurred May 15 when the temperature dropped to 29°
F. The first fall frost occurred on September 24 with a recorded temperature
of 30° F. The frost-free period of 133 days during 1975 was just over a week
longer than the average of 125 days.

The temperatures at the station for 1975 were slightly warmer than aver
age. January, July, October, and November were 6° F., 3° F., 5° F., and 4° F.
warmer, respectively. October 7's 86° F. broke an "all-time" high record held
since 1909 when it was 84° F. March and April averaged 5° F. below normal.
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TABLE 1. Weather Summary for 1975 with Averages for Precipitation and Mean
Temperatures for 1890-1973

Month

Jan.

Feb.

Mar.

Apr.

May
June

July
Aug.
Sep.
Oct.

Nov.

Dec.

TOTAL

Precipitation, Inches
Snow Precip.
Inches Inches Rain Total

13.8

4.5

13.7

.9

0.0

0.0

0.0

0.0

0.0

.3

4.4

4.9

.77

.17

.80

.05

.00

.00

.00

.00

.00

.03

.31

.16

42.5 2.29

.00

.02

.00

2.46

.83

4.50

.43

1.54

1.05

2.73

.20

.00

.77

.19

.80

2.51

.83

4.50

.43

1.54

1.05

2.76

.51

.16

13.76 16.05

1890-1973

.56

.54

.85

1.53

2.61

3.61

3.13

2.88

2.26

1.39

.76

.61

20.73

Mean Temperature
degrees

1975 1890-1973

9.7

8.7

17.0

36.2

56.9

64.4

72.7

66.1

56.0

50.0

31.3

13.8

40.2

3.9

8.2

23.0

41.4

54.5

64.5

69.4

67.5

57.4

45.4

26.9

11.5

39.5

GROWING SEASON 1975

The Valley realized a maximum snow cover of eight inches during the lat
ter part of March which gradually decreased to expose the soil surface by Ap
ril 7. The remainder of the snow pack held by windbreaks and ditches dis
appeared by April 23. By April 15 the ground frost had thawed five inches and
by May 12 the total 29 inches of frost had thawed.

April marked one extreme in the monthly weather patternsrecording 1 inch
above normal precipitation and a deviation of -5° F. in the average monthly
temperature. The rainy weather broke on May 4 and by May 9 seeding of small
grains began. By averaging the precipitations for April, May and June we were
within .04 inches of the 85-year average which insured the early growth and
development of the crops in the Crookston area.

July marked another extreme in the growing season for 1975. There has
been only one other year recorded, 1967, when less than 0.43 inches of preci
pitation was measured. Precipitation for July was 2\ inches under and temper
atures 3° F. over the 85 year-average which tended to drain the supply of a-
vailable soil moisture. August showed no relief by recording 1.35 inches be
low average. September again was 1 inch under the average in precipitation
and there was no available moisture left in the upper two feet of the soil
profile. October gave some relief to the soil moisture shortage by recording
an inch above average. But without adequate precipitation this winter and
next spring we could be in for some moisture problems for the 1976 grox^ing
season.

The fall harvest season was exceptionally cooperative with the extended



13

dry conditions enabling the crops to be harvested with only minor delays. The
dry conditions did hamper fall field preparation due to lack of adequate mois
ture for appling fall herbicides and fertilizers.

Generally the grain yields were good to excellent and the quality of the
sugarbeets harvested were excellent inspite of the abnormal weather conditions.

AVAILABLE SOIL MOISTURE STUDIES

Moisture held in the soil above the gravitational pull and below the
permanent wilting point is available for plant growth. Fargo and Bearden
soils can hold approximately 17 inches of total available water in the top
five feet. The amount for optimum plant growth is approximately eight to
ten inches.

Soil samples were collected from three different cropping systems during
the growing season. Available soil moisture determinations were made at this
station on 770 samples of soil during the year. The first samples were taken
on May 22 at all three sampling sites.

The data in Tables 2, 3, 4, and 5 give sampling dates, precipiation for
each period, inches of available soil moisture for each depth and the total
for the season. Each table gives the last sampling in the fall of 1974 so
that the accumulated winter and early spring moisture can be determined. Site
12 was in alfalfa and was plowed in July and fallowed so the results in Table
5 are for the last sampling of the season.

TABLE 2. Site 1. Corn (Fababeans 1974) Available Moisturei in Inches, 1975.

Sampling Precip.
Inches

Depth in Inches

25-36 37-48 49-60

1.67

Date 0-6 7-12 13-18 19-24 TOTAL

11/10/74 .»...• 1.25 .97 1.04 .83 1.54 1.40 8.70
5/22/75 4.94 .57 .59 .59 .52 1.58 1.57 .77 6.19
6/24/75 3.03 1.18 1.14 .96 .88 2.05 2.50 1.59 10.30
7/25/75 2.00 -.14 .42 .74 .61 1.72 1.98 2.34 7.67
8/29/75 1.59 .03 .24 .31 .24 1.14 1.38 1.82 5.16
9 25/75 1.05 -.07 -.08 -.09 -.27 -.04 1.98 3.25 4.68
10/30/75 2.76 .13 -.03 .02 -.01 .02 1.09 1.61 2.83
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TABLE 3. Site 10. Wheat (Sugarbeets 1974) Available Moisture in Inches, 1975.

Sampling Precip.
Inches

Depth in Inches

Date 0-6 7-12 13-18 19-24 25-36 37-48 49-60 TOTAL

11/11/74 1.20 .77 .61 .36 .70 1.02 -.17 4.49
5/22/75 4.94 .28 .34 .49 .47 1.47 1.72 .91 5.68

6/25/75 3.03 .83 .61 .61 .64 1.86 1.69 .53 6.77

7/25/75 2.00 -.09 -.08 .09 .00 .23 1.15 -.21 1.09

8/29/75 1.59 -.38 -.25 -.05 -.17 .03 .25 -.25 1.02

9/25/75 1.05 -.72 -.43 -.12 -.17 .21 1.12 .15 .04

10/30/75 2.76 .24 -.28 -.22 -.33 -.31 .20 .25 -.45

TABLE 4. Site 11. Sugarbeets (Alfalfa Fall.ow 1974) Available Moisture in

Inches, 1975.

Sampling Precip. Depth in Inches

Date Inches 0-6 7-12 13-18 19-24 25-36 37-48 49-60 TOTAL

11/25/74 .73 .83 .48 .42 1.77 2.16 1.32 7.71

5/22/75 4.90 .29 .41 .38 .43 1.32 1.78 1.21 5.82

6/24/75 3.03 .70 .76 .66 .89 2.20 2.70 1.64 9.55

7/25/75 2.00 -.07 -.01 -.29 .03 1.34 1.96 1.22 4.18

8/29/75 1.59 -.27 -.53 -.61 -.34 .26 .81 .56 -.12

9/25/75 1.05 -.08 -.39 -.83 -.45 -.21 .51 .45 -1.00

10/30/75 2.76 .11 -.06 -.55 -.73 -.48 .08 -.24 1.87

TABLE 5. Site 12.

Percent Moisture

Available H20
Deficit

Sugarbeets (Corn 1975) Available Moisture in Inches 1975.
Fall sample taken 10/31/75

Depth in Inches

0-6 7-12 13-18 19-24 25-36 37-48 49-60 TOTAL

25.9 19.5

.52 .16

1.14 1.33

15.8

.09

1.62

14.0

-.14

1.82

13.8

-.10

3.40

17.0

.68

3.07

30.2

2.15

1.30

3.36

13.68
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AVAILABLE SOIL MOISTURE STUDIES (Cont.)

The available moisture supply was lower at site 10 than sites 1 or 11
due to the longer growing season required for sugarbeet production. Sites
1 and 11 went into the fall of 1974 in good shape at near optimum soil mois
ture conditions for the following growing season. By the first sampling date
of May 22, 1975, all three locations had an adequate supply of available soil
moisture equal to approximately 6 inches.

The soil moisture supply did increase at all three sites from the May to
June sampling period due to a decreased evapo-transpiration rate during a per
iod of cloudy and rainy weather. After the June sampling the soil moisture
steadily decreased at all three sites reaching the critical wilting point by
September at site 11. As can be seen by Table 6, sites 10 and 11 went into
the fall with no available moisture in the five foot profile which could be
critical to crops following in 1976 if adequate supplies of moisture are not
received by next spring.

Table 6 summarizes the available moisture in the soil at the end of the

growing seasons of 1973, 1974, and 1975 for sites 1, 10, and 11.

TABLE 6. Available

Experiment
Soil Moisture at the

Station, 1973, 1974,
End <

and

of the Growing Season, Northw
1975.

Site Soil Type Texture

Available Water 5-Ft. Depth
(Crop)

1973 1974 1975

1 Fargo Silty Clay Loam 2.98

(Alfalfa)
8.70 2.83

(Fababeans) (Corn)

10 Fargo Silty Clay Loam 6.33

(Alfalfa
Fallow)

4.49 -0.45

(Beets) (Wheat)

11 Fargo Silty Clay Loam —— 7.71 -1.87

(Alfalfa (Beets)
Fallow)

WATER USE PER DAY

From the available moisture study it is possible to calculate the water
use per day for the three crops. It is assumed that 10% of the precipitation
for the year is lost as either surface runoff, drainage through the profile
or both. The 1975 data is given in Table 7.
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TABLE 7. Water Use Per Day for Corn, Wheat, and Sugarbeets at the Northwest
Experiment Station, 1975.

Water Use Per Day In Inches

Sample Period

5/22 - 6/25

6/26 - 7/25

7/26 - 8/29

8/30 - 9/25

9/26 - 10/30

TOTAL FOR SEASON

Corn Wheat Beets

-.043 .052 -.031

.148 .249 .239

.113 .029 .164

.053 .071 .067

.124 .085 .096

12.75 15.52 17.08

WATER USE PER DAY (Cont.)

The negative values for corn and sugarbeet sites indicate that these two
crops are lower water users in the early part of the growing season than is a ^>>^
small grain such as wheat. The largest water consumer of the three crops is r)
sugarbeets which is expected due to the longer growing season of sugarbeets.

This is the fourteenth year of sampling for available soil moisture. The
average water consumed by sugarbeets over the past 14 years was 17.25 inches.
This year we measured 17.08 inches of water removed by the sugarbeet crop.

EVAPORATION FROM OPEN PAN

The average daily and monthly evaporation from an open pan with 8-year
monthly averages are given in Table 8. The readings are taken at 5:00 p.m.
each day except Saturday and Sunday. The collection of this data started May
22 and ended October 6 when there was a possibility of the pan freezing. The
data for May and October seem to be inflated due to the small number of days
recorded in each of the two months.

o
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^""*~^ TABLE 8. Average Daily and Monthly Evaporation From Open Pan with 8 Year
Monthly Averages, 1975.

Month

May

June

July

Aug.

Sept.

Oct.

rs

n

Inches Daily 1968-1975 Avg Inches Monthly

.294 .213 2.94

.284 .272 8.80

.287 .258 8.91

.245 .258 7.60

.158 .169 4.73

.216 .147 1.30

TABLE 9. Number of Clear, Partly Cloudy, and Cloudy Days for 1975.

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Clear 3 14 14 6 12 6 13 11 10 13 13 8

P-Cloudy 10 4 4 5 15 15 14 13 6 7 9 8

Cloudy 18 10 13 19 4 9 4 7 14 11 8 15



18

NITROGEN RATE AND CARRIER COMPARISONS ON WHEAT

G. W. Wallingford and R. K. Severson

Nitrogen is usually the largest fertilizer cost in wheat production in
Northwestern Minnesota. Ammonium nitrate has traditionally been the most com
mon carrier of nitrogen used in this area, but in recent years nitrogen solu
tions and anhydrous ammonia have been taking over a larger share of the nitro
gen market. A fourth nitrogen source, urea, has seen only limited use but
should occupy a larger share of the market in the future.

An experiment which compared the four nitrogen materials at three nitro
gen rates was established at two locations in 1975. One location was on a
coarse-textured soil and the other on a finer-textured soil in the Red River
Valley.

Nitrogen rates of 30, 60 and 90 lbs. N/A were used in a randomized complete
block designed with four replications. All materials were applied pre-plant and
were incorporated immediately after application. Fertilizer applications were
made on May 9 at the Crookston location and on May 12 on the Gentilly location.
Era wheat was planted at the Crookston location on May 10 and at the Gentilly
location on May 15. The soil type at the Crookston location was a Wheatville
loam which tested 88 lbs. N/A nitrate, and the soil at the Gentilly location
was a Ulen loamy sand, which tested 63 lbs. N/A nitrate.

RESULTS

At the Crookston location, dry-matter (harvested at the soft-dough stage)
and grain yields showed no response to nitrogen treatment (Table 10). The •'
relatively high nitrate test at that location was apparently sufficient to
satisfy the nitrogen requirement of the wheat.

At the Gentilly location both dry-matter and grain yields showed signifi
cant responses to nitrogen treatment. Dry matter yields were significantly
increased over the control by all materials at 60 and 90 lbs. N/A. Grain yields
were significantly increased over the control by all nitrogen treatments. Urea
and anhydrous ammonia gave higher yields than ammonium nitrate at 60 and 90 lbs
N/A. Excessive moisture received in June (4.5 inches) could have leached and
or denitrified some of the nitrate. The 28% nitrogen solution, which contains
approximately 25% of its nitrogen in the nitrate form, showed a tendency to
wards higher yields at the 30 and 60 lbs. N/A rates and significantly higher
yields at the 90 lbs N/A rate than ammonium nitrate, which contains 50% of its
nitrogen as nitrate.

Anhydrous ammonia at the 30 lbs N/A rate gave higher yields than all three
of the other nitrogen materials. This difference cannot be explained on the
basis of leaching and/or denitrification. Urea should have given similar re
sults because it also has all of its nitrogen in the ammonium form.

The recommended nitrogen rate for soil testing 63 lbs N/A nitrate calls
for 50 lbs N for the 40 to 60 bu/A yield goal range. In this study there were
no consistant differences between the 60 and 90 lbs N/A indicating that 60 lbs
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N/A was the most efficient. This agrees well with the recommended rate of 50
lbs N/A.

TABLE 10. Wheat dry matter (soft-dough stage) and grain yields as affected by
nitrogen material and rate at two locations in 1975.

Material Rate

lbs N/A

Crookston

Dry Matter Grain
lbs/A bu/A

Gentilly
Dry Matter Grain

lbs/A bu/A

Control 0 6130 49.6 3610 28.0

Ammonium

Nitrate

(34-0-0)

30

60

90

6120

6540

6880

48.2

53.6

52.1

4010

4750

4840

33.0

39.9

41.9

Urea

(46-0-0)
30

60

90

6280

6430

6290

48.9

49.4

47.4

3980

4700

5800

34.0

45.4

49.0

Urea-Ammonium

Nitrate Solution

(28-0-0)

30

60

90

6110

6970

6810

45.8

47.6

47.6

4660

5210

4850

34.3

43.7

48.0

Anhydrous
Ammonia

(82-0-0)

30

60

90

5690

6650

7170

47.7

52.2

47.1

4550

4950

5400

42.0

47.6

48.7

Significance
BLSD (.05)
CV (%)

NS

10.1

NS

9.2

*ft

1020

13.8

**

4.4

8.2
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PHOSPHORUS FERTILIZATION OF WHEAT IN THE RED RIVER VALLEY

G. W. Wallingford and C. A. Simkins

Fine textured soils of the Red River Valley have been receiving applica
tions of phosphorus for many years. Soils used for sugar beets often receive
applications of phosphorus in excess of 100 lbs P/A. On soils testing medium
to high in available phosphorus it is questionable whether wheat will respond
to additional phosphorus applications. More recent data is needed showing the
response of wheat to drilled and broadcast applications of phosphorus on soils
testing medium to high in available phosphorus.

Three experimental locations were established at Crookston, Shelly and
Stephen. The soil test results are listed below. Although the phosphorus
test on the Crookston location is not available, fields immediately adjacent
tested 15 to 30 lbs P/A the previous fall.

SOIL TEST RESULTS

N03-N P K OM pH

Crookston

Shelly
Stephen

88

96

90

21

29

570

600+

H

H

7.9

7.8

Soil Type

Wheatville loam

Fargo Silty clay
Fargo clay

A randomized complete block design with four replications and ten treat
ments was used. The ten treatments consisted of one control and three rates

of phosphorus (20, 40 and 60 lbs P2O5/A) applied as triple super phosphate
(0-44-0) with three drill and three broadcast treatments, and as ammoniated
super phosphate (18-46-0) with three drill treatments only. The fertilizer
was placed with the seed in the drill treatments. The broadcast applications
were applied preplant and incorporated.

Additional nitrogen was applied so that all plots received a total of 60
lbs N/A at Crookston, 80 lbs N/A at Shelly and 50 lbs N/A at Stephen. Blan
ket potassium applications of 40, 60 and 60 lbs K2O/A were made at Crookston,
Shelly and Stephen, respectively. The treatments were applied and the plots
planted with 1.5 bu/A of Era wheat on May 9 at Crookston, May 17 at Shelly
and May 19 at Stephen.

RESULTS

The dry matter (harvested at the soft-dough stage) and grain yields are
given in Table 11. There were no significant differences between any of the
treatments at any location. There were also no visible growth differences be
tween treatments early in the season which has been regarded as a benefit of
starter fertilization.

The recommended phosphorus rate based on soil test would have been 20 lbs
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P/A row applied or 30 lbs P/A broadcast. The soil temperature at planting time
in the spring could influence wheat response to phosphorus. Several more years
of data are needed which hopefully will include a year when planting can be
done earlier in the spring into cooler soil.

TABLE 11. Wheat Dry Matter and grain yield as affected by phosphorus rate
and method of application at three locations in 1975.

Material3 Rate Method Crookston Shelly Stephen

lbs P205/A
DMb

lbs/A
Grain

bu/A
DM Grain

lbs/A bu/A
DM Grain

lbs/A bu/A

Control 0 — 6520 51.3 5920 56.7 6020 36.3

TSP

TSP

ASP

20

20

20

Drill

Bd'cst

Drill

7170

6100

5780

52.1

50.5

49.9

6200

6940

6830

56.6

56.7

56.8

5530

5960

4930

35.4

35.1

32.5

TSP

TSP

ASP

40

40

40

Drill

Bd'cst

Drill

6510

7040

6370

50.0

50.7

45.5

6840

6950

6360

58.1

57.3

56.1

5330

4980

5810

33.4

30.8

36.6

TSP

TSP

ASP

60

60

60

Drill

Bd'cst
Drill

6580

6570

6800

48.8

54.2

50.8

7330

6930

6640

56.4

56.8

57.0

5260

5550

5750

34.9

36.2

36.4

Significance
CV (%)

NS

7.8

NS

7.4

NS

10.1

NS

3.7

NS

9.9

NS

13.0

a. TSP = Triple Superphosphate (0-44-0)
ASP = Ammoniated Superphophate (18-46-0)

b. DM = Dry Matter
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CORN FERTILITY IN NORTHWESTERN MINNESOTA

G. W. Wallingford and R. K. Severson

The area of corn production in Minnesota is moving steadily northward.
In 1974 there were 39,000 acres of corn grown in Polk, Norman and Mahnomen
counties. Most of this corn is grown on the course-textured soils east of
the Red River Valley Basin. Research on nitrogen, phosphorus and potassium
fertility of corn has been very limited in this area.

An experimental location was established in 1975 northeast of Ada on a
Ulen fine sandy loam. The soil test results are listed below. The three
studies at this location included a nitrogen rate study, a phosphorus rate
and material study, and a potassiumrate study. A randomized complete block
design with four replications was used for all three studies. All fertilizer
materials were applied preplant and incorporated. The nitrogen and potassium
materials used were urea and potassium chloride. The phosphorus rates were
duplicated by using both triple superphosphate and a nitrogen-polyphosphate
solution (10-34-0) as phosphorus materials. The fertilizer was applied on
May 13 and the corn was planted within one week.

All plots received the highest rates of the two nutrients not being varied
in a particular study. The plots receiving 10-34-0 were treated with corres
ponding lower amounts of urea to compensate for the nitrogen in the 10-34-0
solution.

SOIL TESTS RESULTS

N03-N P K OM pH

59 27 150 M 8.1

Soil Type

Ulen fine sandy loam

The plots were hand harvested on September 26. A twenty-foot section of
one of the middle two rows was harvested. Skips in the stand made selection
of the 20 foot section difficult and probably added to the variability in the
yield data.

RESULTS

There were no significant differences due to treatment in either of the
phosphorus or potassium studies. In the nitrogen study, the 80 and 100 lbs
N/A gave significantly higher yields than the control (Table 12).

The subsoil phosphorus and potassium levels in Ulen soils are generally
considered low. Using a yield goal range of 100 bu/A and the soil test re
sults, the recommended rates of phosphorus and potassium would be 60 lbs
P-Oc/A and 120 lbs K-O/A. The nitrogen recommendation would be approximately
85 lbs N/A (wheat was the previous crop). Although the wide variability in
the data make specific conclusions difficult, the optimum nitrogen rate in the

%
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experiment was 80 lbs N/A which agrees well with the recommended rate. None
of the phosphorus or potassium rates produced significant yield increases over
the controls.

Corn yields as influenced by nitrogen, phosphorus and potassium inTABLE 12. Corn

1975.

yields
i

N Rate Yield

lbs N/A bu/A

0 39.4

20 53.3

40 56.5

60 54.8

80 86.0

100 66.4

Significance *
BLSD (.05) 27.1
CV (%) 29.2

P Ratea Yield

lbs P205/A bu/A

0 91.2

20 TSP 77.0

20 Poly 90.0

40 TSP 69.5

40 Poly 76.1

60 TSP 85.4

60 Poly 93.5

80 TSP 64.8

80 Poly 72.1

NS

25.1

K Rate Yield

lbs K20/A bu/A

0 96.1

40 82.6

80 97.4

120 86.0

160 90.9

NS

14.5

a. TSP = Triple superphosphate (0-44-0), Poly = Polyphosphate (10-34-0)
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FERTILIZER TRIALS ON ALFALFA - ELK RIVER 1973-1975

C. J. Overdahl and C. P. Klint—

.The alfalfa plots were reseeded in the spring of 1971 and the design modified.
The 1972 results are reported in Soil Series 89. In the fall of 1972, the
plots were again modified when all potash treatments were reduced by one half.
These were changed from 240 lbs. K_0 per acre in October, 240 lbs. K_0 per
acre in June and 240 lbs. of K.0 applied both October and June.

Alfalfa yields (4 cuttings in 1973, 3 in 1974, 2 in 1975), soil test K and
percent K in plant tissue for irrigated vs. unirrigated plots were as follows:

O'Oct. 120 Oct. 120 Oct.

0 120 June 0 June 120 June

Irrigated (avg. pH 1975 7.1)

Yield T/A 1973
1974
1975

3-7a
2.3a

1.9a

6.3bc
4.2b
3.4b

5-9b
4.1b
3.4b

6.7c
4.4b

3.6b

Soil Test K 1973
1974
1975

60

40
60

160

170
260

130

85
170

535
360
440

Avg. soil P 1975 141

% K Tissue 1975
1st cut

2nd cut

.85
•93

2.04

1.89
2.24

1.61
2.77
1.86

Non-irrigated (avg., pH 1975 6.4)

Yield T/A 1973
1974
1975

2.8a

2.0a

2.4a

4.4b

2.9b
3.5b

4.1b

2.8b
3.5b

4.5b
3.1c

3.3b

Soil Test K 1973
1974
1975

70

65
90

260

255
310

180
210

390

600+

600+

600+

Avg. soil P 1975 148

% K Tissue

1st cut

2nd cut

1.26
1.20

2.62

2.15

2.65
2.21

3-47
2.79

— Acknowledgment is made of the considerable effort put into these plots
by Bob Schoper, Jerry Lensing and Glenn Titrud.
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POTASH AND MAGNESIUM FERTILIZATION FOR POTATOES
ON IRRIGATED LOAMY SANDS - ELK RIVER 1968-1975

C. J. Overdahl and C. P. Klint-''

Fertilizer rates of 0, 150 and 500 pounds per acre of K20 have been applied
annually for potatoes since 1968, except in 1975 when no K was added in
order to study carryover from previous treatments. Also a rate of 50 pounds
of magnesium on these various potassium rates have been compared to the same
K treatments without magnesium.

Potato yields, soil test levels, and petiole analysis have been used to
study the effect of these treatments. Soil test K was initially high
(280 pounds exchangeable K). No significant yield response due to high
broadcast potash applications have been observed except in 1975.
Significant responses were obtained from the 150 pounds per acre row
treatments In 1972 to 1975-

There has been no significant effect of added magnesium at any time. It has
been observed that high rates of potash considerably reduce petiole magnesium.

Chieftan was the variety used in 1973 to 1975-
the years preceding 1973.

Norland was used for each of

Tuber yields by years were as follows:

Potassium-magnesium effect Yield, CWT/acre

N + F»205 + K20 + Mg 1968 1969 1970 1972 1973 1974 1975*

200 + 150 + 0 + 0 158 270 267 210 340 226 77

200 + 150 + 150 + 0 170 288 268 320 461 344 114

200 + 150 + 500 + 0 189 286 287 339 493 372 159
200 + 150 + 0 + 50 195 286 237 207 311 243 66

200 + 150 + 150 + 50 199 327 294 334 479 362 79
200 + 150 + 500 + 50 183 305 263 284 446 389 152

* no potash treatments, yieId differences are due to residue of prev ious
treatments.

Magnesium Treatment Effect

MS. Avg. Yi

1974
eld/CWT

1975**

Soil Test K

K2P_ 1968 1969 1970 1973 1975

0 323 159 0 280 \ 221 182 135 37
50 331 152 150 - 292 295 240 182

500 - 518 408 475 347

No soi1 tests were; made in 1974. Rye was grown on the plot area in 1971.
** from 500 lbs. K.O only.

]_/ Efforts of Bob Schoper, Jerry Lensing, Glenn Titrud and others are
gratefully acknowledged.
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ASPHALT BARRIERS

CROP YIELDS 1975

Blake

Wheat, bu/A
barrier no barrier

1, 2 16.9 21.5

3, 4 24.3 20.5

5, 6 25.5 18.6

7, 8 22.3 18.9

9, 10 25.7 15.4

11, 12 27.9 21.4

Averages- 23.8 19.4

Averages-' 24.8 20.3

Pinto beans, lbs/A
barrier no barrier

270.8 295.4

373.8 328.4

323.8 239.4

269.3 419.7 (237.2)

331.6 273.5

342.7 344.5

318.8 316.8 (286.4)

328.6 364.2 (303.4)

-^lot 8 value of 419.7 seems inordinately high. Assuming a possible error,
value in parenthesis including average values in parenthesis substitutes

?/calculated missing plot value.
-Averages of plots 3, 4, 7, 8, 11, 12 which are considered less variable

soils.
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ASPHALT BARRIERS

HIDDE FARM, 1975

PINTO BEAN YIELD ^

Blake

Rep
lbs/A at

0

:asphalt levels in gal/A
750 950 1500

1 471.9 842.2 1045.4 994.6

2 646.1 1016.4 863.9 893.0

3 450.1 972.8 856.7 1060.0

4 530.0 907.5 1081.7 914.8

Averages 524.5 934.7 961.9 965.6

-'Onions were destroyed by grubs. No yields were obtained.
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SIXTEEN YEARS OF CONTINUOUS CORN EXPERIMENTATION WITH NITROGEN

SOURCE, PLACEMENT, AND TIME OF APPLICATION TO A WEBSTER LOAM
NEAR LAMBERTON

(1960-1975)

Gary Malzer, Wallace Nelson, and Robert Munter

(Annual reports of this experiment have been reported in Soil Series
74 through 95 - and some of this information will not be included here).

The fertilizer treatments have now been annually applied to the same
plot areas for 16 years. After ear corn removal and stalk cutting,
the fall plowdown N treatments are broadcast on their respective plots
and the entire area is then plowed to an approximate 12 inch depth.
The fall surface N treatments are then broadcast, with no further
working of the plowed area. Each plot is 20' x 77.5' and the 4 treat
ment replications are arranged in a randomized block.

Spring N treatments are broadcast before seedbed preparation late in
April or in early May. The corn is drilled in 30" rows to produce
approximately 20,000 plants/A, using a banded starter fertilizer of
8-24-12 at the rate of 180 lbs. over the entire experimental area,
thus supplying an additional 14 lbs. N/acre to all plots. Herbicides
and insecticides are also annually applied. Nitrogen sidedressing
treatments are broadcast in June. Nitrogen concentrations present in
the sixth or "index" leaf at silking were determined and are reported
in Table 1.

The 1975 growing season in southwestern Minnesota was in many ways
similar to 1974. Subsoil moisture in the spring was relatively good
but due to the hot dry summer the available moisture in the rooting
zone was almost completely depleted by the end of summer. These
conditions seriously reduced the potential yield of the crop, and result
ed in the lowest average yields in 10 years. Ear corn was harvested
October 14 and the grain analyzed for N content. The N content of
the 6th leaf at tasselling was also determined and the 1975 results
are presented in Table 1.

The 1975 grain yields were only slightly lower than the 1974 yields.
In general the yields from the check and low N treatment were higher
in 1974 than 1975 while the high N treatments were lower in 1975 than
1974. The yield response to additional N in 1974 was as high as 55.1
bu/A while in 1975 was only 39.3 bu/A.
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SIXTEEN YEAR AVERAGE

The average grain yields for the 16 years of this experiment are shown
in Table 2. When only 40 lbs. of N/A was fall applied, surface
application was slightly more effective than plow down with no differ
ences between N sources. Plowing down 80 lbs. of N/A in the fall was
much more effective than the lower N rates and approached the yields
that were obtained with the highest treatment of fall applied N. The
results from spring surface applied N were equivalent to (fall surface)
or better than (fall plow down) the same rate of N applied in the fall.
Side dressing N produced grain yields similar to those of the same
rates of spring applied N. The heaviest side dressing treatments were
equally effective as the rates plowed down the previous fall.

GENERAL CONCLUSIONS

1. Urea is as effective as ammonium nitrate for the production of corn
on these medium textured non-calcareous soils.

2. Late fall surface applied N is at least equal to that plowed down,
but where N fertilization rates are relatively low, spring or side-
dressing N treatments appear more effective.

3. Where corn is grown annually on these soils good yields can be
maintained with annual applications of 100 lbs N/A providing adequate
amounts of P and K are also supplied. At this rate of application
most of the N will be removed in the grain leaving relatively
small amounts to be lost to the environment.
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Table 1. Average N in sixth corn leaf, grain yield @ 15.5% moisture, N in corn grain, (dry basis) and total
N removed by grain per acre from a Webster loam fertilized annually with NH,N0_ or urea
(4replications).

N applied
annually.

in lbs/A

% N

6 th
Bu/A @ 15.5% Moisture

% N

in

lbs

N/A

Annual

fert.

Soil N

status

leaf I II III IV Ave. grain re N (lbs/A)
moved (lbs/A)

Check

40-NH4N03-fpd
2.03a 57.9 57.4 63.1 54.7 58.3a 1.36ab 37.5 14 -23.5

2.22abc 97.0 85.6 83.6 88.3 88.6bcde 1.40abcd 58.7 54 - 4.7

40-urea-fpd ~
40-NH4N03-fpd

2.44cdefg 87.6 100.3 89.0 109.4 96.6e 1.38abc 63.1 54 - 9.1

2.17ab 81.0 79.4 80.0 72.3 78.2b 1.28a 47.4 54 + 6.6

40-urea-fps 2.30bcde 80.0 67.5 85.8 82.1 78.9bc 1.45bcde 54.1 54 - 0.1

80-NH4N03-fpd 2.47defg 89.0 97.7 84.0 86.2 89.2bcde 1.59efg 67.1 94 +26.9

80-urea-fpd 2.57fghi 91.4 96.8 96.6 102.7 96.9e 1.44abcde 66.0 94 +28.0

160-NH4N03-fpd 2.761J 80.6 105.6 109.0 66.2 90.4cde 1.69fgh 72.3 174 +101.7

160-urea-fpd ,
40-NH4N03-std

2.74hij 104.1 55.2 94.8 75.5 82.4bcd 1.81h 70.6 174 +103.4

2.34bcdef 58.8 99.9 94.3 99.0 88.0bcde 1.41abcd 58.7 54 - 4.7

40-urea-std 2.18ab 80.0 92.2 95.8 88.1 89.0bcde 1.42abcd 59.8 54 - 5.8

80-NH4N03-std 2.82J 93.0 117.0 94.6 85.8 97.6e 1.50bcde 69.3 94 +24.7

80-urea-std ,.
40-NH4N03-sd

2.761J 89.9 90.1 78.0 116.2 93.6de 1.55def 68.7 94 +25.3

2.52efgh 89.4 68.0 98.7 97.1 91.8de 1.49bcde 64.7 54 -10.7

40-urea-sd 2.28bcd 99.4 95.0 95.4 80.5 92.6de 1.54cdef 67.5 54 -13.5

80-NH4N03-sd 2.46defg 86.5 97.8 87.8 109.1 95.3e 1.73gh 78.0 94 +16.0

80-urea-sd 2.60ghij 93.2 110.6 83.8 72.6 90.1bcde 1.55def 66.1 94 +27.9

160-NH4NO3-sd 2.72hij 93.1 89.3 107.7 77.1 91.3de 1.72gh 74.3 174 +99.7

Significance ** * ft*

CV. (%) 6.9 14.8 7.4

BLSD (0.05) .23 12.0 .16

The entire area received an additional 14 lbs N/A as starter fertilizer annually (8-24-12 @ 180///A).

"fpd — fall plow down fps — fall plow surface std — spring top dress sd — side dress

Any letter(s) different from another letter in a column indicates a significant difference between the
means at the 5% level.



Table 2. Yields of ear corn during 16 years on a tiled Webster loam near Lamberton with annual applications
of NH^NO or urea nitrogen at different rates, times, and placement. (Average of 4 replications)

N applied annually
in lbs/A1 1960 1961 1962 1963 1964 1965 1966 1967 1968 1969

Ear corn yield in bushels per acre

Check 49.5 88:2 "26.1 132.6 72.9 33.1 11.1 53.4 102.4 92.8
40 NH4N03-fpd 42.3 87.5 30.9 148.6 88.3 34.9 26.8 75.7 131.6 109.3
40 Urea - fpd-
40 NH4N03-fps

55.1 78.2 29.1 148.8 100.3 38.8 19.8 86.9 132.5 124.5

49.0 96.7 29.6 140.1 101.5 45.6 24.3 75.1 135.2 124.6
40 Urea - fps 62.3 101.3 37.0 140.7 84.1 57.4 30.9 87.2 134.0 136.1
80 NH.4N03-fpd 67.4 97.9 43.6 149.6 100.8 63.4 47.3 114.3 131.2 146.8
80 Urea - fpd 61.7 76.9 36.7 154.5 104.9 73.0 37.8 117.2 142.6 144.3
160 NH4N03-fpd 69.8 97.9 46.7 147.7 100.9 70.8 38.5 127.4 140.2 158.7
160 Urea - fpd. 79.4 112.5 43.5 152.8 112.4 73.5 37.7 121.3 149.9 161.0
40 NH4N03-std 66.2 92.0 45.4 152.2 99.8 63.4 23.7 99.8 128.0 142.0
40 Urea - std 45.4 91.1 31.4 147.6 100.6 59.8 33.8 95.0 140.5 143.4
80 NH4N03-std 59.3 90.0 32.7 149.2 112.5 74.2 49.0 128.3 144.7 159.5
80 Urea - std,
40 NH4N03- sd

57.7 99.1 40.5 149.3 115.7 84.4 41.8 128.6 138.7 155.9
63.6 92.6 39.5 148.6 90.4 54.8 38.6 96.8 133.4 142.3

40 Urea - sd 57.7 95.6 24.9 142.3 94.1 48.4 50.4 86.1 132.2 143.3
80 NH4N03- sd 50.4 98.4 46.7 140.7 113.0 68.1 43.8 101.6 137.7 140.3
80 Urea - sd 76.9 86.4 48.2 143.8 121.4 64.7 47.3 117.0 146.9 166.2
160 NH4N03 -sd 40.7 97.4 77.7 151.7 109.5 77.6 51.4 120.2 141.5 148.3

Ave. annual corn

yield in bu/A 58.6 93.3 39.4 147.5 101.3 60.3 37.8 101.8 135.7 140.9

The entire area received an additional 14 lbs N/A as starter fertilizer annually (8-24-12 @ 180 9Ik).

fpd — fall plow down fps — fall plow surface std — spring topdress sd — sidedress

CO
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Table 2 (continued). Yields of ear corn during 16 years on a tiled Webster loam near Lamberton with annual
applications of NH4NO3 or urea nitrogen at different rates, times, and placement.
(Average of 4 replications).

N applied annually
in lbs/A1 1970 1971 1972 1973 1974 1975 16 Year Average

Ear corn yield in bushels per acre

Check ,
40 NH4N03-fpd

85.7 40.8 75.6 69.2 53.4 58.3 65.3 a

96.3 88.7 113.6 92.0 80.5 88.6 83.5 b

40 Urea - fpd-
40 NH4N03-fps

120.4 100.7 113.9 101.5 96.9 96.6 90.2 cd

122.5 81.5 109.9 93.0 88.3 78.2 87.2 be

40 Urea - fps 121.2 82.4 106.7 . 97.8 85.0 78.9 90.2 cd

80 NH4N03-fpd 134.7 108.0 143.1 121.7 103.6 89.2 104.0 fg

80 Urea - fpd 141.4 107.8 140.1 117.9 107.2 96.9 103.8 fg

160 NH4H03-fpd 141.7 120.2 147.6 121.0 113.1 90.4 108.3 g

160 Urea - fpd.
40 NH4N03-8td

140.4 110.6 151.7 114.9 105.1 82.4 109.3 g

125.6 84.0 117.0 104.0 82.8 88.0 94.6 de

40 Urea - std 118.9 94.6 116.5 97.1 94.5 89.0 93.7 de

80 NH4N03-std 140.4 122.7 142.7 118.0 92.9 97.6 107.1 g

80 Urea - std.

40 NH4NO3- sd
146.2 116.0 142.1 117.6 108.5 93.6 108.5 g

127.1 104.5 136.0 99.1 82.7 91.8 96.1 e

40 Urea - sd 117.7 100.5 133.9 103.9 80.4 92.6 94.0 de

80 NH4NO3- sd 127.7 97.6 124.7 109.4 87.6 95.3 99.0 ef

80 Urea - sd 140.5 124.4 149.8 124.0 95.6 90.1 109.0 g

160 NB4NO3- sd 136.9 104.2 150.0 117.1 105.5 91.3 107.6 g

Ave. annual corn
*

yield in bu/A 127.0 99.4 128.6 106.6 92.4 88.3 97.3

Significance ft*

CV. (Z) 9.2

BLSD (.05) 5.6

The entire area received an additional 14 lbs H/A as starter fertilizer annually (8-24-12 @ 180 0/A)

fpd — fall plow down fpa — fall plow surface
4

std — spring topdress sd — sidedress

Any letter(s) different from another letter in a column indicates a significant difference between
the means at the 5% level.



33

NUTRIENT MOVEMENT PLOTS
SOUTHWEST EXPERIMENT STATION, LAMBERTON, MINNESOTA AND

SOUTHERN EXPERIMENT STATION,, WASECA, MINNESOTA

R.G. Gast, W.W. Nelson and G.W. Randall

Measurements of NO3-N losses from tile drains and accumulation in the
soil profiles of the nutrient movement plots at Lamberton were continued
during the summer of 1975 (3rd year) and a similar installation has been
made at Waseca where there is significantly greater rainfall and hence
greater tile line flow is expected. As indicated in previous reports,
these plots are isolated to a depth of about 6 feet by surrounding them
with plastic allowing an accurate assessment of the area drained for a
given tile line.

LAMBERTON RESULTS

Results for 1973, 1974 and 1975 at Lamberton are summarized in Table 1
including the average NO3-N concentration in the tile water, average
total loss of NO3-N through the tile drains and NO3-N accumulation in the
soil profiles for the increasing N applications. While an N-balance
analysis of these results indicates that some N has been lost through
denitrification, there is a significant accumulation of NO3-N in the
soil profile at the highest N fertilization rate (448 kg N/ha) which in
creases with each annual N application. As shown in Table 1 and Fig. 1,
only about ten percent of the NO3-N in the profile has been lost through
the tile line during the past three years.

These results basically support laboratory studies which show that signi
ficant denitrification can occur in these surface soils under high tempera
ture and rainfall conditions. However, once the NO3-N moves into the sub
soil denitrification is greatly reduced due largely to a lack of an energy
source.

WASECA RESULTS

Nutrient movement plots were established on an untiled Webster clay loam
at Waseca in 1975. Four rates of N as urea (Table 2) were applied on
May 22. Corn was planted on May 23. Installation of the tile was started
in August and was completed in October. During this three-month period
conditions were dry and the water content of the five-foot profile was
at less than field-moist capacity.

Grain and silage yields were influenced by the N rates (Table 2). How
ever, linear and consistent responses to N were not obtained. During the
period from May 29 until June 22, 7.68" of rain fell. This resulted in
saturated soil conditions. Because of these wet conditions followed by
six weeks of hot, dry weather yields were quite low. Variability among
and within reps was substantial and was largely influenced by poor drainage.
Grain yield from the check plots ranged from 19.3 to 81.5 bu/A.



34

Soil samples were taken to a 10' depth in one-foot increments from each
plot on October 14. Nitrate-N levels were increased with the higher N
rates (Table 3); however, N accumulation was confined to the upper 3'
of the profile. We obtained a partial N-budget by adding soil NO3-N
to N uptake in the silage. After subtracting the amount in the check
treatment from the other N treatments and then dividing by the N rate,
we calculated a 70-88% recovery of the applied N. The missing 12 to 30
percent could have been lost through denitrification or could have
remained in the soil in the NH4+ form or as Immobilized N. Nitrogen
was not lost through the late-summer-installed tile lines.



Table 1. NO3-N losses from tile lines and accumulation in soil profiles in nutrient movement plots, South
west Experiment Station, Lamberton, Minnesota.

Treatment*
Ave.
tile
1973

13

NO3-N cone, in
water (ppm)

1974 1975

19 19

Ave. NO3
tile

-N loss
(lbs/A!

from

1
NO3-N i

(0-10 ft)
Fall 1974

n soil
(lbs/A)
Fall 1975

Corn yield
(bu/A)

(lbs N/A) 1973

4.0

1974

15.2

1975

16.8

1973

87

1974

49

1975

18** 64 48 29

100 15 25 23 5.0 19.5 22.5 84 89 93 57 61

200 13 37 43 3.3 26.5 52.4 177 380 95 65 40

400 12 65 81 5.3 48.5 107.2 451 688 104 71 56

200(org) — — — 108 143 106 77 66

0***
-- — — 82 63 67 15 5.5 on

* - N applied as urea prior to planting.

** - 100 N/A of 8-46-0 as starter plus 100 lbs P/A added on all plots except "true check".

*** - "True check", no fertilizer, insecticide or herbicide.
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Table 2. Corn yield, N concentration and N removal as influenced by N
rate on nutrient movement plots at Waseca in 1975.

Grain Silage

Treatment- Yield N removal Yield N

0
100
200
300

bu/A

56.6
53.0
54.8
'4.6

%

1.63
1.77
1.79
1.82

lb N/A

43.5
43.3
44.4
63.9

lb DM/A

7955
9360
9900

11100

%

.94
1.16
1.13
1.14

-' applied as urea on 5/22/75

Table 3. Nitrogen "budget" as influenced by the N rate on nutrient move
ment plots at Waseca in 1975.

~Soil-'' N^Total Total %~of
Treatment-' N03-N uptake (soil + plant) check applied

0 126.8 74.7 201.5 0
100 182.0 106.8 288.8 87.3 87
200 232.4 109.1 341.5 140.0 70
300 341.2 125.8 467.0 265.5 88

If applied as urea (5/22/75)
-1 in 10' profile (10/14/75)
3/
-' in silage at physiological maturity (9/23/75)
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CORN YIELDS AS INFLUENCED BY RATES OF BROADCAST PHOSPHATE
FERTILIZER AND PRECEDING CROP

A.C. Caldwell, W.W. Nelson, and L.L. Goodroad

The effects of the previous crop (corn or soybeans) and broadcast
phosphate fertilizer on corn grain yields were observed in a study at the
Southwest Experiment Station at Lamberton.

The phosphorus treatments and yields are summarized in the table below.
On all P treatments where soybeans were the preceding crop grain yields
were higher than where corn was the preceding crop. When phosphate
treatments are combined according to preceding crop, corn following soy
beans gave significantly higher yields than corn following corn (98 and
88 bu/A respectively). The differences are not believed to be due to
residual nitrogen from the soybeans since additional nitrogen was
applied annually. The yields increased with increasing phosphate up
to 800 lbs P/A; the 1600 lbs P/A treatment decreased yields. This appears
to be due to a zinc deficiency caused by high phosphorus concentrations
in the plant.

Table 1. The Effect of the Previous Crop and Rate of Broadcast Phosphate
Fertilizer on Corn Grain Yields.

P Treatment^
lbs/A

Preceding
Crop

Grain Yield2
Bu/A

Increase

from Soybeans

0 Corn 78

0 Soybeans 93 15

100 Corn 90

100 Soybeans 94 4

200 Corn 89

200 Soybeans 99 10

400 Corn 87

400 Soybeans 101 14

800 Corn 97

800 Soybeans 105 8

1600 Corn 84

1600 Soybeans 92 8

Phosphate applied as 0-46-0 1/2 in 1962 and 1/2 in 1964.
2Average of 4years 1964, 1965, 1966, and 1967.
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WEST CENTRAL EXPERIMENT STATION - MORRIS

WEATHER SUMMARY - 1975

Precipitation Air Temperature Soi]

Temj

L (10 cm)
89-yr. Dev. 89-yr. Dev. >erature

Month Period 1975 av. from av. 1975 av. from av. 1975 8-yr. av.

January 1-31 2.69 .65 +2.05 11.3 8.3 +2.9 17.9 22.8

February 1-28 .55 .66 - .11 8.7 12.7 -4.0 20.3 24.7

March 1-31 1.67 1.04 + .63 17.3 26.8 -9.5 25.6 29.3

April 1-10 .73 .58 + .15 23.2 38.1 -14.9 28.3

11-20 .36 .65 - .29 37.8 44.3 -6.5 33.4

21-30 1.67 1.10 + .57 44.5 48.2 -3.7 41.0

Total or av. 2.76 2.33 + .43 35.2 43.6 -8.4 34.3 40.1

May 1-10 .52 .79 - .27 51.8 52.0 -0.2 48.5

11-20 .18 .99 - .81 60.4 55.6 +4.8 62.0

21-31 .83 1.23 - .40 62.0 60.0 +2.0 65.4

Total or av. 1.53 3.01 -1.48 58.1 56.0 +2.2 58.8 55.5

June 1-10 .44 1.32 - .88 59.2 63.1 -3.9 65.5

11-20 5.54 1.20 +4.34 62.7 66.5 -3.8 63.2

21-30 .86 1.36 - .50 73.0 68.2 +4.8 74.5

Total or av. 6.84 3.88 +2.98 65.0 66.0 -1.0 67.7 69.2

July 1-10 1.18 1.52 - .34 74.8 69.9 +4.9 82.8

11-20 .05 1.07 -1.02 70.4 71.4 -1.0 79.2

21-31 .80 1.03 - .23 73.5 71.5 +2.0 80.2
Total or av. 2.03 3.61 -1.58 72.9 71.0 +1.9 80.8 76.2

August 1-10 .50 1.08 - .58 70.5 70.4 +0.1 78.8
11-20 2.75 .89 +1.86 65.9 69.3 -3.4 76.1
21-31 1.14 .98 + .16 67.4 66.9 +0*5 69.8

Total or av. 4.39 2.95 +1.44 67.9 68.8 -0.9 74.7 74.1

September 1-30 1.61 2.22 -0.61 55.4 59.1 -3.7 59.4 61.3

October 1-31 1.59 1.61 -0.02 48.2 47.5 -0.7 49.0 48.4

November 1-30 1.77 .94 +0.83 31.8 29.9 +1.9 35.4 34.5

December 1-31 .07 .68 -0.61 14.7 15.6 -0.9 18.8 25.4

April-August
Growing Season 17.55 15.77 +1.78

January-December
Annual 27.41 23.56 +3.85

59.9 61.2 -1.3

40.7 42.1 -1.4

63.3 62.8

45.2 44.5
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NITROGEN FERTILIZATION OF WHEAT

West Central Experiment Station - Morris

S. D. Evans, G. L. Malzer, and R. L. Thompson

I. Experimental Description and Design

An experiment was set up in the spring of 1975 at the West Central
Experiment Station to evaluate the NO3-N soil test in determining the
nitrogen needs for four hard red spring wheat and two durum wheat
varieties. Soil type in 1975 was Doland silt loam. Soil test infor
mation is given in Table 1.

Table 1. Soil test :Lnformatioi1 for the 1975 plots.

Replicate pH
Organic
Matter

Phosphorus
(lbs./A.)

Potassium

(lbs./A.)
NO3-N

(lbs./A.)

I

II

III

7.2

7.4

7.4

H

H

H

30

14

28

250

270

320

42

60

56

The experiment was set up as three replicates of a split plot design
with varieties as main plots and nitrogen rates as split plots. Plot
size was 12 feet x 15 feet. The wheat was seeded on May 9, 1975, and
the nitrogen was topdressed in the ammonium nitrate form on May 15, 1975.
The plots were sprayed with Brominal plus @ 1/4 + 1/4 on June 2, 1975.

The rates of nitrogen used were based on the average NO3-N soil test for
the site. The three tests averaged 53 lbs./acre of NO3-N so the recom
mended rate of N application for a yield goal of over 50 bu./acre would
be 100 lbs. N/acre. Rates of 70 and 130 lbs. N/acre in addition to a
check were included.

II. Yield Results

The 1975 yields are given in Table 2. The varieties were significantly
different at the 10% level with Era as the top hard red spring wheat
variety and Crosby as the top durum wheat variety. The N rates were
significantly different from the check, but when averaged over all
vareities the 70-, 100- and 130 lb. rates were not different. There
was no interaction between varieties and N rates. Five of the six
varieties reached maximum yield at the 100-lb. rate which was the recom
mended rate. Five varieties decreased slightly in yield at the 130-lb.
rate. Only Waldron yielded more at the 130-lb. rate than at the 100-lb.
rate. So it appears that at Morris in 1975 the NO3-N test was useful
in determining the optimum rate of application of N to obtain maximum
grain yields.
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Table 2.
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Effect of N rate and variety on yield of wheat at Morris, 1975.

N Rate - lbs./Acre
Variety 0 70 100 130 Average

- Bu./Acre -

Era 31.3 44.1 46.6 40.7 40.6

Olaf 31.1 33.6 34.2 32.3 32.8

Kitt 34.0 35.7 38.7 36.3 36.2

Waldron 26.5 32.5 33.9 36.4 32.3

Crosby 33.9 37.1 38.9 38.0 37.0

Botno 31.3 35.2 35.9 33.5 34.0

Average 31.3 36.3 38.0 36.2

Significance BLSD (.05)

Varieties + 5.7

N Rates ** 3.5

Interaction NS - -

Protein Results

The protein percentages from the 1975 plots are given in Table 3.
Varieties and N rates were both highly significant. Era had the lowest
protein of the hard red spring varieties, with Kitt and Waldron inter
mediate and Olaf the highest. Crosby and Botno were not significantly
different. The precent protein increased with increasing N rate.
Within each variety there was also a steady increase in protein as N
application was increased. Even though maximum yield was obtained at
the 100-lb. rate, protein was still higher at the 130-lb. rate.

Table 3. Effect of N rate and variety on percent protein of wheat at
Morris, 1975.

N Rate - lbs./Acre

Variety (3 70 100 130 Average

- % Protein -

Era 12,.92 14.,36 14.08 15,.33 14..17

Olaf 16..06 17.,50 17.80 18,.28 17,.40
Kitt 15.,28 16.,19 17.10 17..67 16.,56

Waldron 15.,10 16. 59 17.18 17..73 16.,65
Crosby 13.,45 14. 57 15.98 16..64 15.,16
Botno 13.,91 15. 47 15.62 16.,57 15. 39

Average 14.,45 15. 78 16.29 17.,04

Significance BLSD (.05)

Varieties ** 0.62
N Rates ** 0.48
Interaction NS - -
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IV. Other Measurements

There was a lot of ergot in Waldron and the counts are listed in Table 4
for all varieties. The number of ergot bodies increased with N rate and
the increase was at a rate which was greater than at which yield increased
with N rate. The large count in Waldron may have contributed to its
lower yield and protein content.

The test weight values for all treatments are given in Table 5.

Table 4. Effect of N rate and varieties on number of ergot bodies in
wheat at Morris, 1975.

N Rate - lbs./Acre

Variety 0 70 100 130 Average
- No. of ergot bodies/20 sq. ft. -

Era

Olaf

Kitt

Waldron

Crosby
Botno

Average

Varieties

N Rates

Interaction

0.7

8.7

3.3

87.7

2.3

1.7

17.4

4.0

7.0

0.7

139.0

1.7

2.7

25.8

Significance

+

**

NS

5.0

6.7

3.3

146.3

0.7

2.3

27.4

BLSD (.05)

5.7

3.5

4.3

9.0

3.7

229.0

2.3

1.3

41.6

3.5

7.8

2.8

150.5

1.8

2.0

Table 5. Effect of N rate and variety on test weight of wheat at Morris,
1975.

N Rate - lbs./Acre

Variety 0 70 100 130 Average

- lbs./bu. -

Era

Olaf

Kitt

Waldron

Crosby
Botno

61.6

60.9

58.4

58.2

61.2

59.7

60.5

59.4

58.4

57.2

60.0

58.1

60.8

58.4

58.1

57.4

59.5

57.8

61.5

58.8

58.5

56.8

58.2

58.3

60.7

59.3

58.4

57.4

59.7

58.4

Average 59.8 58.7 58.4 59.1

Significance BLSD (.05)

Varieties

N Rates

Interaction

**

**

NS

1.6

1.0
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CONTINUOUS CORN SILAGE

West Central Experiment Station - Morris

Samuel D. Evans

I. Experimental Description

In 1965 an experiment was initiated on Mcintosh silt loam to determine
the effect of removal of continuous corn silage and fertilizer applica
tion on corn grain and corn silage yields. Rates of fertilizer used
were 74 + 48 + 48 (N + P205 + K20) and 148 + 96 + 96. All plots re
ceived a broadcast application of 10 lbs./acre of zinc as zinc suflate
in the fall of 1965.

II. 1975 Operations

In 1975 the variety used was Trojan TXS 99. Furadan was applied at
1 lb./acre (active ingredient) at planting on May 13. Lasso at
2 lbs./acre and Bladex at 2 lbs./acre were applied broadcast on May 15.
Silage yields were taken on September 21 and grain yields on October 4.

III. Silage Yields - Dry matter; tons/acre.

A. On plots harvested as grain 1965-75:

Low fertility (74 + 48 + 48)
High fertility (148 + 96 + 96)

B. On plots harvested as silage 1965-75:

Low fertility (74 + 48 + 48)
High fertility (148 + 96 + 96)

IV. Grain Yields - Bushels/acre @ 15.5% moisture.

A. On plots harvested as grain 1965-75:
1975 1966-75

Low fertility (74 + 48 + 48) 117.9 92.29
High fertility (148 + 96 + 96) 133.6 98.75

V. Check Yields

Yields on an additional unfertilized, unreplicated check adjacent to
the experimental area:

1975 1966-75 Average
Grain (0 + 0 + 0) 37.38 Bu/A 53.06 Bu/A
Silage (0+0+0) 3.64 tons/A 3.92 tons/A

VI. Discussion

A. In 1975 silage yields were increased by fertilization on areas that had
been harvested for grain and for silage for 10 years. There was no
significant reduction in yield due to growing continuous corn silage.
Grain yields were not increased with additional fertilizer. Yields
on the check plots were substantially lower than on fertilized plots.

1975 Yield 1966-75 Yield

7.05 5.57

8.15 6.08

7.57 5.70

8.52 6.17

B. The 10-year average yields again show no reduction <„ 0n-„ ., ,„fro^ng continues corn^ilage .- *^*££*S«ig3*1
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FERTILIZER MATERIALS PLOTS

West Central Experiment Station - Morris

S. D. Evans, G. Holcomb, and C. Overdahl

I. Experimental Design

An investigation of the effect of soil conditioners, organic fertilizers,
and liquid fertilizers was commenced on field corn in the spring of 1971
at Morris. The experiment was established on a site consisting of Tara
and Mcintosh silt loams.

The experiment was set up in a split block design of four replications.
Main blocks were (1) no broadcast fertilizer and (2) 80 lbs./acre P20r
broadcast in the spring of 1971 and 100 lbs./acre P205 broadcast in the
spring of 1973. Ten individual fertilizer treatments were superimposed
across each main block pair. The 1975 individual treatments are
described in Table 1. Ten pounds per acre of zinc as zinc sulfate was
broadcast over the entire area in the fall of 1971.

II. 1975 Operations

The broadcast fertilizer treatments were applied on May 19. The experi
ment was planted on May 20. The hybrid used was Dekalb XL10. The corn
was planted at 22,000 seeds per acre. Lasso at 2 1/2 lbs./acre was
applied to the appropriate plots on May 21. A treatment of 2,4-D at
1/2 lb./acre was applied to the same plots on June 24. The plots were
harvested on October 20.

III. Plant Measurements

A. Broadcast P effects (Table 2)

The broadcast P significantly affected a number of plant measure
ments. Extended leaf height of young plants was 1.2 inches greater.
Ears and percent stalks with ears at harvest were slightly lower
with broadcast P. Yield was 4.4 bu./acre higher where broadcast P
was used.

B. Effect of fertilizer materials (Table 3)

1. Extended leaf height on July 3 - The height was significantly
greater on Nachurs, conventional dry, conventional liquid, and
high rate of conventional than on other 6 treatments.

2. Plants/acre at harvest - Wonderlife and Shurgro without herbi
cide and insecticide were significantly different, but no
treatments were low enough to adversely affect yield.

3. Ears/acre at harvest - Wonderlife and Shurgro without herbicide
and insecticide had an extremely low number of ears. The check
treatment was also significantly lower than the other 7 treat
ments.
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4. Root lodging at harvest - There was a wide range in root lodging
with values of 9.0% on the high rate of conventional to 61.5% on
Wonderlife with herbicide and insecticide.

5. Harvest ear moisture - Wonderlife and Shurgro with herbicide
and insecticide were wetter than all the other treatments.

6. Grain yield - Grain yields were highest on conventional dry and
high rate of conventional. Nachurs and conventional liquid
treated plots were not significantly different, but were lower
than the previous two treatments. Treatment 3 (same N level as
Nachurs) was significantly lower than Nachurs. Wonderlife and
Shurgro without herbicide and insecticide were extremely low
yielding and the addition of weed and insect control increased
yields dramatically.

C. Interaction between Broadcast P and fertilizer materials

The individual treatment values for those treatments which showed a

significant interaction in Table 3 are given in Table 4. Grain
yield was reduced with the addition of P on the check, conventional
dry, Wonderlife (without pesticide) and Shurgro (without pesticide)
treatments. All other treatments increased in yield. Under .the -P
condition the conventional dry and high rate of conventional were
the same and significantly higher yielding than all other treatments.
Under the +P condition 5 treatments were high yielding and not
significantly different; namely, Nachurs, treatment 4 (same N level
as Nachurs), conventional dry, high rate of conventional, and
conventional liquid.


