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A REPORT ON FIELD RESEARCH IN SOILS

The 1974 edition of the "Bluebook" is a compilation of data collected
and analyzed throughout Minnesota. Information was contributed by
personnel of the Department of Soil Science including Extension Soil
Specialists, Scientists at the branch stations of Crookston, Grand
Rapids, Lamberton, Morris, Rosemount and Waseca; and Soils and Crop
area agents. Associated personnel from the Soil Conservation Service,
the Soil and Water Research group of the ARS-USDA, the Tennessee Valley
Authority, and the Department of Natural Resources also contributed
information.

Some of the results are from 1973 experiments only and should be
regarded on this basis. Since most data are from only 1973 studies,
conclusions are not conclusive and are thus not for further publication.

Sincere appreciation is expressed for materials and/or financial
assistance or program support from several organizations including:
Potash Institute of North America; Dupont Chemical Company; Farmers
Union Central Exchange; Geigy Agricultural Chemical Corporation;

Green Giant Company; Howe Ihcorporated Midland Cooperatives; Minnesota
Crop Improvement Association; Minnesota Golf Course Superintendents
Association; Minnesota Limestone Producers Association; Minnesota Plant
Food Association; Minnesota Soil and Water Conservation Commission;

The Minnesota Resources Commission; The Water Resources Research Center
of the Graduate School; The Staples Vo-Tech Institute and The Red

River Valley Potash and Sugar Beet Growers Association; J.L. Shiely
Company; and the Tennessee Valley Authority.

Note: Molybdenum values obtained with the Multi-Element Emission
Spectrophotometer are questionable due to analytical interference.
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Climatological Notes of 1973
by D.G. Baker

I. Review of the 1973 Weather by E.L. Kuehnast, State Climatologist,
Dept. of Natural Resources.

The 1973 "Minnesota Climate Year" was as near to ideal for Minnesota
as one could expect. The temperatures were warmer than normal during
the cold season and moderate to cool during the hot season. Precipita-
tion was near normal and timely. Above all there was a-very minimum
of flood change and about average storm damage during the year.

The temperature average for the first three months in 1973 was the
highest since the record warm year of 1931. The temperatures during the
spring were near normal and during summer turned towards the cool side.
However, temperatures in the fall were again warm.

Precipitation-snowfalls for the first three months in 1973 were 1light
in general and exceptionally light across the northern part of the
State. Spring rainfall was below normal except for the southeast
which was above normal. Summer rainfall was above normal except for
the southwest and northwest, while fall rainfall averaged about 3"
above normal except in northwest and north central where it averaged
more than five inches above the normal.

The 1973 Minnesota Climate year was also ideal as a whole for the
farmers of Minnesota. During the planting season there were minimum
delays because of the relative dry spring, except in the southeast.
The summer rainfall was adequate and timely except areas in the
southwest and northwest which were dry. The fall harvesting season
was warmer and drier than normal with the heavier fall rains occurring
before or after the harvest.

Heavy rains of significance during 1973 were: the rain storm on the
late evening of May 21 and early morning of the 22nd which occurred
along a narrow strip from E1k River-Roseville through St. Paul.
Rainfalls of more then three inches were common which was the heaviest
24 hour rainfall in the Twin Cities since May 31, 1965; on September
1-4 rainfalls of 5-8 inches were common along a line from Mahnomin-Red
Lake-International Falls; on November 20 and 21 rains of 1 1/2 to

2 1/2 inches fell in the southern and eastern two-thirds of the state.
Only once before in the last 100 years, on November 25-26, 1896 to be
exact, has Minneapolis-St. Paul recorded a two day precipitation total
greater than two inches after the 20th of November.

A1l data analyzed are from the weather data observed by the National
weather Service.
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II. Soil Moisture Survey

The soil moisture at the end of the 1973 season as shown in Table 1
was adequate to good at all sites except Lamberton (under corn) and
at Crookston under alfalfa. However, with the rains that have fallen
since then it is believed that the soil moisture deficits have been
largely corrected at even these two sites.

It should be pointed out that the "Water Use by Crop" column in Table d
1 has not been corrected for precipitation losses by surface runoff
or downward drainage through the soil profile. As a result the figures “
shown represent an upper limit of the water used by crops.
Figure 1 shows the 1973 soil water profile under corn compared to the
1960-1973 average from the Southwest Agricultural Experiment Station
at Lamberton. The precipitation there was particularly low in August,
and this is reflected in the very low soil water during that period.
As indicated earlier the fall rains were sufficient to bring the soil
water nearly back to normal.
Table 1. The 1973 Soil Moisture Survey Results
Samp] Soil H 8 Prec1p- Water Usi
Station Dates Presen itation3 by crop Crop Soil Type
Hayfield, 5/24 9.43 Soybeans Kasson
Dodge Co. 11/2 8.82 silt loam
0.61 21.34 21.95
Milaca, 5/11 11.49 Brome Mora
Mille Lacs Co. 10/10 11.49 grass silt loam
0.00 15.92 15.92
Crookston, 5/30 1.69 Alfalfa Hegne silty
Polk Co. 10/1 2.94 (alfalfa clay loam
-1.25 12.56 11.31 '72)
Crookston, 5/30 5.58 Sugarbeets Hegne silty u
Polk Co. 10/2 3.85 (barley '72) clay loam :
1.73 12.56 14.29
Crookston, 5/31 6.04 Barley Hegne silty -
Polk Co. 10/2 5.93 (sugarbeets clay loam
0.11 12.56 12.67 '72)
Crookston, 5/30 5.34 Sugarbeets Hegne silty
Polk Co. 10/2 5.90 (fallow '72) clay loam
-0.56 12.56 12.00
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Table 1. (con't.)
Sampl? Soil H Precip-3 Water Us
Station Dates®! Presen itation by crop Crop Soil Type
Lamberton, 5/15 6.87 Corn Nicollet
Redwood Co. 10/19 2.65 clay loam
4,22 10.16 14.38
Winthrop, 5/4 1.99 Corn N%:;l}g;m
Sibley Co. 10/30 6.97 c
e / -4,98 14.72 9.74
Long Prairie, 5/8 11.10 Alfalfa Blowers
Todd Co. 10/15 10.50 loamy fine
0.60 19.12 19.72 sand
Kellogg, 5/1 13.86 Soybeans Fayette
Wabasha Co. 10/26 11.74 silt loam
2.12 21.23 23.35
Butterfield, 5/9 12.49 Soybeans Nicollet
Watonwan Co. 10/30 7.01 clay loam
5.48 12.26 17.74

1

Date in spring and fall when soil sample was obtained.

2The amount in inches of plant available water in a five foot column of soil.

3The precipitation in inches measured at nearest National Weather Service
Cooperative Station between the soil sample dates.

4The amount of water presumed to be used by the crop between soil
sample dates. It is estimated that 10% of the precipitation is
lost by either surface runoff, downward drainage or both.

Table 2 shows total seasonal use as well as the average daily use of water
under corn at the Southwest Experiment Station. With 12 years of data

the results are becoming increasingly reliable. It is to be noted that
the "effective" precipitation has been estimated by the simple device

of assuming that 10% is lost through runoff or drainage through the
profile. The 10% figure appears to be a reasonable amount based on
Cottonwood River flow measurements made above New Ulm. This device has

to be resorted to because neither runoff nor drainage through the pro-
file is measured.
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Table 2.

Year
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973

Average

Amount of water consumed by corn crop (evapotranspiration)
during indicated periods assuming 10% of growing period
precipitation is not available for use. Data from Dr. W.W.
Nelson, Southwest Agricultural Experiment Station,
Lamberton.

Evapotrans- Number Average

Period piration of days Use per Day
5/1 -10/2 17.55 in. 154 0.114 in.
5/1 - 9/26 21.01 148 0.142
5/1-10/19  19.00 o 0.111
5/1 -10/1 18.84 153 0.123
5/10-10/6 17.95 149 0.120
5/17-10/17  17.56 153 0.115
4/26-10/21 13.65 178 0.077
4/30- 9/13* 17.72 136 0.130

Too wet for last season samples

4/27-10/5 18.14 161 0.113
5/5 - 9/17* 16.01 135 0.119
5/19-10/25 18.10 159 0.114
5/15-10/19 15.51 157 0.099
5/5 -10/7 17.59 155 0.114

*A later sample would have been preferred, but soil was too wet

for sampling. However, normally little water is lost after

mid-September.



Data from the Northwest Experiment Station in Table 3 show the variation
in evapotranspiration between years and between crops. A rigorous
comparison cannot be made in the water use by crops because the same
years are not represented for each of the crops.

It is apparent from Table 3 that 1973 was a relatively dry year in the
northwest as represented by Crookston. In spite of not having grown

all of the crops in the same years there probably are enough samples
that the evapotranspiration averages of alfalfa (6 years), barley

(4 years), sugarbeets (12 years) and wheat (7 years) have some signi-
ficance. Thus, the approximately 17 inches for alfalfa and sugarbeets
isdreﬁsonabTe compared to the approximately 14 inches consumed by barley
and wheat.

The following three figures (Figures 2, 3 and 4) iTlustrafe the cumulative

departure of the precipitation from normal. The cumulative departures
were calculated beginning with the first week in April but they are
shown only from May 6 through November 4. A1l stations except Rochester
showed below normal precipitation throughout a good share of the

season. However, all ended the season with a positive departure. The
below normal precipitation departures at International Falls and Duluth
were ended with particularly dramatic changes in the precipitation
beginning in late July and early August, respectively.

The below normal precipitation at Sioux Falls was reaching serious
proportions, equaling a total of -7 inches before a change occurred
beginning in late September. At the other extreme was Rochester
where the precipitation remained above normal through the season and
by early October the cumulative total was 9 inches above normal.

Assuming that these six stations represent their respective regions

it can be stated that the soil moisture is above normal in the south-
east, northeast and north-central parts of the state. In the remainder
?f t?e state soil moisture supplies probably are at about normal

evels.

I would 1ike to express my appreciation to the following individuals who

have been responsible for supplying the soil moisture samples or the com-

puted moisture content of their samples.

Steven F. Crull, District Conservationist, U.S.D.A., Owatonna, Minn.

Duane T. Goerend, District Conservationist, U.S.D.A., Gaylord, Minn.

Roger W. Hoff, District Conservationist, U.S.D.A., Wabasha, Minn.

Lee R. Johnson, District Conservationist, U.S.D.A., St. James, Minn.

William M. Kalton, District Conservationist, U.S.D.A., Milaca, Minn.

Robert E. Krause, District Conservationist, U.S.D.A. Long Prairie,
Minnesota.

Wallace W. Nelson, University of Minnesota, Southwest Experiment Station,
Lamberton, Minnesota.

0laf Soine, University of Minnesota, Northwest Experiment Station,
Crookston, Minnesota.
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Table 3. Amount of water consumed (inches) by various (evapotranspiration) during indicated periods
assuming 10% of growing period precipitation is not available for use. Data from soil and
precipitation measurements by Dr. Olaf Soine, Northwest Experiment Station, Crookston.

Year Crop
Alfalfa Barley : Corn Pasture Soybeans Sugarbeets Wheat
Period Use
1962 B/7- 18.32 4/25- 16.19 p/31- 14.78
10/1 10/1 10/1
1963 p/4- 12.87 5/3- 17.69 |5/10- 15.99
10/1 f10/3 10/3
1964 b/1-  12.84 b/1- 12.46 5/1- 17.37
10/1 0/1 10/1
1965 5/28-  10.59 [5/17- 12.97
10/1 10/1
1966 5/9- 15.28 /31~ 25.90 [5/31- 12.90
9/30 B/30 9/30
1967 5/18- 13.70 5/26- 16.66
10/3 10/3
1968 b/17-  17.03 \ b/5- 16.06 5/20- 16.10
10/1 10/1 10/1
i




C

Table 3. (continued) --
Year Crop
Alfalfa Barley Corn Pasture Soybeans Sugarbeets Wheat
Period _Use
1969 5/3- 16.86 5/10- 17.74 |5/30- 13.40
10/1 9/30 10/1
1970 |5/13- 23.50 6/2- 18.19 5/18- 14.12
10/1 10/1 10/1
1971 (4/30- 16.46 4/30- 21.86 |5/7- 11.52
10/4 10/4 10/4 .
1972 |5/2- 19.27 pb/4- 13.64 J5/16- 12.89
9/28 D/28 9/29
1973 5/30- 11.31 B/31- 12.67 {5/30- 13.14
10/1 0/2 10/2 |
Average 16.95 14.00 14.75 14.49 16.19 ‘ 16.91 13.84
[
Number
of years 6 4 2 2 1 12
of date
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IIT. Climatic Advantages to Early Spring Corn Planting

In general it has been found that the earlier in May that corn is
planted the higher are the yields of corn. An inspection of the

various climatic elements provides at least two explanations for the
increased yield results. One rests with the disparity between the
solar radiation season and the temperature season. We are accustomed

to perform most of our activities based on the temperature season.

It is a bit disconcerting to discover that the temperature season lags
the solar radiation season by about three weeks. That is, the maximum
temperatures normally occur in about the third week of July whereas

the maximum solar radiation occurs in late June or early July as shown
in Fig. 5. Thus, if agricultural planning is based upon the temperature
season our crops lose the benefit of a great deal of solar radiation
simply because they are planted to Tate. Fig. 5 shows that from

early July the solar radiation is decreasing daily. Thus, if the
plants are not up and well established early, they have missed being
able to capture the sun's energy in late May and June. In this

regard it is well to remember that the chief endeavor in agriculture

is to capture (in the crops) as much solar energy as possible, and this
cannot be done by fields that are only partially covered by a young crop.

The second climatic reason why early corn planting ordinarily results

in higher yields is a dry period that normally occurs in late July.
Unless the corn is planted early the dry period all too often coincides
with the reproductive period (silking and tasseling) of the corn plants.
And it is at this time in the life cycle of the corn plant that a short-
age of water produces the most serious reduction in yield. The upper
portion of Figure 6 shows the average soil water profile at Lamberton
and the lower portion shows the probability that precipitation
amounting to 1.20 inches per week is expected at Bird Island. Note

how the rapidly declining soil water in late July coincides with the
decreased precipitation probability. This shows that the plant is
withdrawing water from the soil at a rapid rate and can i11 afford the
aggravation of low precipitation. Thus, if the silking and tasseling
period can be advanced a few days or a week or so this will be an advantage.
Although Figure 6 illustrates Lamberton and Bird Island data, about

the same sort of picture is to be found throughout the corn growing
area in Minnesota.

IV. On the Importance of Time of Temperature Observations

We are allmore or less aware of the fact that the place where temper-
atures are measured is important. For example, it is recognized that
to be representative of a large area the thermometers should be up off
the ground and well away from various obstruction so that they are
well ventilated. It is also recognized that the thermometers should
not be exposed to the sun but protected so that air temperature is
measured and not the temperature of the thermometer bulb exposed to
the sun's rays. However, in spite of these precautions a difference
in measurement, which should be corrected for, arises due simply to

a variation in time of measurement.
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The National Weather Service first order stations (such as at
Minneapolis-St. Paul, Sioux 'Falls, Fargo, Duluth and Rochester)
measure the maximum and minimum air temperature daily at midnight.
The mean of the daily maximum and minimum is then recorded as the
mean for the day. At other stations where personnel are not on duty
throughout the entire day the temperature observation is taken at
the convenience of the observer. This is the case at the cooperative
observer stations throughout the state such as the Agricultural
Experiment stations at Crookston, Grand Rapids, Lamberton, Morris,
St. Paul and Waseca. At Crookston, Grand Rapids and St. Paul the
temperature observation is made at 5 p.m. local time, and at
Lamberton, Morris and Waseca the observation is at 8 a.m. local time.

It should be understood that it is recognized that the ideal means
of obtaining a mean temperature for a day would be a continuous tempera-
ture record or at the very least the mean of 24-houriy temperature
values. Both schemes are out of the question at most stations for
they pose too big a problem with respect to time, equipment, money,
etc. So the mean temperature for a day is accepted as the mean_of
the maximum and minimum temperatures recorded at a station's estab-
lished observation time. However, because the observation time is
not uniform from station to station a question arises as to the
comparability of station records. Thus, the objective of this study
was to determine the degree of error that is introduced as a result
of the observation time difference. :

The temperature measurements available for this study were three
years of hourly measurements from a thermocouple sensor housed in a
standard temperature shelter that was automatically recorded. By
means of a high speed computer three different daily mean temperatures
were calculated from the hourly data:

1. A Mean: a mean of 24-hourly values beginning at midnight and
ending at midnight. A mean of the two midnight values was calculated
and this became one of the 24 values. This A mean most nearly
represnts a "true" mean.

2. B Mean: a mean of the maximum and minimum temperature that occurred
from one midnight to the next. This is the way the first order National
Weather Service stations obtain their daily mean temperature.

3. C Mean: a mean of the maximum and minimum temperatures that occurred
within each of the remaining 23 hour periods; that is, between 1 a.m. to
1 a.m., then from 2 a.m. to 2 a.m. and so on to the last one at 11 p.m.
to 11 p.m. These means are similar to the B mean except they are cal-
culated for times other than midnight to midnight. The means obtained
here are similar to those obtained at the cooperative weather stations.



16

Figure 7 shows the average annual variation in the means obtained at
various observation times about the A mean and the B mean. For example,
an observation obtained at 3 p.m. (1500 hours) will on the average

be about 1.6°F or 1.7° F higher than the A or B means, respectively.

On the average the B mean (the midnight observation mean) will nearly
approximate the A or so-called "true" mean. It is also shown in Fig. -
7 that in general early morning observations, up to about 9 a.m.

(0900 hours), will result in Tower mean daily temperatures than the A
and B means, while late forenoon, afternoon and evening observations
result in higher mean daily temperatures.

Figure 8 shows how these differences in mean daily temperatures (dif-
ferences brought about simply as a result of different observation times)
affect temperature derived quantities such as heating degree days (HDD)
and growing degree days (GDD). One example will suffice to demonstrate
the importance of observation time: a 3 p.m. (1500 hours) observation
will require a reduction of about 250 GDD or an increase of about 480
HDD in the calculated values. This is because of a higher indicated
mean temperature obtained with the 3 p.m. observation than a midnight
observation.

Thus for mean temperatures and mean temperature derived quantities such
as HDD and GDD to be comparable the original temperature observation
should be taken at a uniform observation time or corrections should be
made to adjust the data so the observation time bias is eliminated.
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RESPONSE OF SEMIDWARF GRAIN TO NITROGEN FERTILIZATION

Olaf C. Soine and Russell Severson
Northwest Experiment Station, Crookston

With the advent of semidwarf varieties of wheat and barley, new information
was needed about the proper fertilization of these grains. Some semidwarf
wheat varieties, particularly Era, have yield potentials of 70 to 80 bhushels
per acre if adequately fertilized. Of course, weather is always an unknown
factor that greatly influences crop yields. This was demonstrated during the
1973 growing season when drought prevailed in many areas.

Field trials with nitrogen fertilizer were started at the Northwest FExperiment
Station in 1971 and concluded in 1973. Era and Ciano, semidwarf wheats, were
compared to Chris, a tall variety, and semidwarf 65-220 was compared with
Larker and Dickson barley. No semidwarf oat varieties are available, but short-
strawed Diana and Otter were tested with Lodi, a tall variety. Ammonium
nitrate fertilizer was used to furnish the nitrogen and was b;gg@ééggjygl
worked into the soil before seeding. Soil tests were taken of the plot areas
and the results are given in Table 1. Adequate amounts of phosphorus and
potash were applied to eliminate any deficiencies of these two elements. The
available soil sulfur and zinc were adequate.

Table 1. Soil Analysis of Experimental Plot Area.

0.M. pH P K NOsN s Zn

———————— 1bs/A-mmmmm ppm ppm

Wheat H 7.8 88 600 47 15 2.4
Barley H 7.9 47 600 55 15 2.4
Oats H 8.1 62 600 63 15 2.4

Starter fertilizer applied: 150 1bs/0-26-26 per acre

The amount of available nitrogen in the 0-24 inch soil depth is important

for determining rates of nitrogen fertilizer to apply for maximum crop produc-
tion. This can be done by taking and analyzing a soil sample from this depth.
The amount of soil nitrogen which will be in the nitrate (NO3) form is given
in pounds per acre.

Approximately three pounds of nitrogen fertilizer are required to produce one
bushel of wheat. THis is based on the premise that 60-70 percent of the
nitfogen fertilizer is recovered by the plants. Also, additional nitrogen is
being made available in the soil throughout the growing season depending on
soil moisture, temperature, amount and type of soil organic matter present.
With all this information, a farmer can determine the amount of nitrogen needed

to obtain maximum yields.
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WHEAT

Growing conditions in 1971 were most favorable, and ylelds of all grains were
high. Because of the late spring and wet soil conditions in 1972, this year
had the lowest crop yields. The 1973 spring and summer drought affected the
utilization of the fertilizers, but ylelds were higher than those in 1972.

Table 2 gives the average yield and percent protein for Ciano, Chris and Era
wheats. There was considerable yield variation during the three-year period
due to drought and other weather conditions. During 1971 and 1972 all fertil-
izer treatments showed significant yield increases above the unfertilized check
{Q) plots, but no significant yield differences between the fertilizer treat-
metts. There were no yield increases from any fertilizer treatment in 1973,
However, the three-year average results show significant increases. There
wasn't much yield difference between the 80- and 120-1b rates, but the 80-1b
was the most economical.

Era was the best yielder and had the highest single yield of 81 bushels in
1971 and a three-year average of 69 bushels.

Ciano had the highest protein content and Era had the lowest. The 80- and
120-1b rates showed significant increases in protein over the 0- and 40-1b
rates of nitrogen fertilizer.

Table 2. Effect of Nitrogen Fertilization on Average Yield, Bushel Weight and
Protein of Three Wheat Varieties, 1971-73.

Variety Treatment Yield bu/A Protein 7 Bushel Wt.
1b/A Avg. 1971-73 Avg, - . -
‘zf : &/ / vg o, vg. 1971-73 Avg. 1971-73
Ciano (4 0 3 | 14.0 62
5 40 19 42 72,0 )7 14,7 62
6.l 80 t11 46 2,7 +2.016.0 62
7k 120 nd 48 3y $2.316.3 63
LSD 5% 7 1.1 .7

chris () 0 41 1) 12,5 60
40 19 49 V) +q 13.4 60
10 80 +2 49 2,6 a7 14.2 60
25 120 +He 57 2.4 -7,3 14.8 59
LSD 5% 7 .9 1
Era (}-0) 0 48 1.0 11.4 60
7.0 40 «% 63 U -+3 11.1 61
3.4 80 +21 69 18 r.612.0 61
4'3 120 (’!q 67 Z-S *“lq 13.3 60
LSD 5% 14 «5 1

era  267T*N 4 7 = fe
Chais 267N 216 T [ 25Nk
Ciamo 267 4 1R > LDW]b
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BARLEY

The average yleld and protein content of the barley varieties are given in
Table 3. The barley varieties showed less yield response to nitrogen fertil-
izer treatments as compared to the wheat trials. Dickson and Larker did not
have any significant yield differences from any fertilizer treatment. The
60- and 90-1b treatments on semidwarf 65-220 were significantly higher than
those on the unfertilized check (0) and 30-1b treatments.

Semidwarf 65-220 had the highest three-year average yield and Larker had the
lowest yield.

The protein content was increased by all fertilizer treatments, but only
Larker had significant increases.

Table 3. Effect of Nitrogen Fertilization on Average Yield, Bushel Weight
and Protein of Three Barley Varieties, 1971-73.

4
ariety ~ Treatment Yield bu/A Protein % Bughel Wt.
1b/A Avg. 1971;26%’”"M Avg. 1971-73 Avg. 1971-73
Dickson 0 72 .8 12.8 47
30 *s 77 1 12.8 47
60 +3 75 |,¢ 13.1 47
90 +3 75 1,9 13.3 47
LSD 5% 18 1.0 o7
Larker 0 - 58 .9 12.9 48
30 rg 6612 13.7 48
60 g 66 )7 14.2 48
90 rq9 67 .l 14.4 47
LSD 5% 10 .8 -
65-220*% 0 63,3 12.4 45
30 +8§ 1.y 12.4 45
60 fif 78\Y 12.9 45
90 16 7919 13.1 45
LSD 5% 12 .8 -

* 1971 (64-76)
1972-73 (65-220)

OATS

The average yleld and bushel weights for the three oat varieties are given in
Table 4. The average oat yields. in 1971 and 1973 were comparable and higher

than those in 1972, There was considerable variation in the 1973 yields, but
no definite yield significance from any treatment was noted. All fertilizers
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increased the yields when compared to the unfertilized (0) plot, but the dif- L J
ferences were significant only for Lodi--the tall-straw variety. The 60-1b
rate produced the most consistent yield increase.

The short-straw, Otter, was equal to Lodi in yield and bushel weight. The
short-straw, Diana, had the lowest yield.

The bushel weights were all comparable and were not affected by any one fertil-
izer treatment.

able 4. Effect of Nitrogen Fertilization on Average Yield and Bushel Weight
of Three Oat Varieties, 1971-73.

Variety Treatment Yield Bu/A Bushel Weight
1bs/A Avg. 1971-73 Avg. 1971-73
Otter 0 77 . % 36
30 {78 1\, 36
60 tq 86 |,y 35
90 +io 87 17 35
LSD 5% 14 .7
Diana 0 ~ 59 ‘46 36
30 W 72 L3 35 *
60 Ha 78 15 35 U
90 Hq 78 ,q 36
LSD 5% - 24 '
Lodi 0 = 73 % 35
30 7 80 |\ 35
60 10 83 WY 35
90 Yy 87 1] , 35
LSD 5% 2 .9
SUMMARY

Semidwarf Era wheat and 65-220 barley have higher yield potentlals than the
tall-straw varieties. They will respond to nitrogen fertilization, provided
other plant nutrients are adequately supplied. Rates of 80 to 100 1bs of
nitrogen gave the best results. This is based on premise that the soil contained
40 to 50 1lbs of available nitrogen. These rates significantly increased the
percent protein over the unfertilized check plots.

Although no semidwarf oat varieties were available for this trial, short-straw
Otter had comparable yields to Lodi, a tall variety. Rates of 60 to 90 1bs of
nitrogen per acre gave the best yields. The nitrogen treatments had no signi-
ficant effects on bushel weight of oats. U

Supplementary tables 5, 6 and 7 give the yields for each individual crop and year.

wr
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FERTILIZER TRIALS WITH AMMONIUM NITRATE (NH4N03)
AND ANHYDROUS AMMONIUM (NH3) ON CREE BARLEY, 1973

Olaf C. Soine
Northwest Experiment Station

A field trial to compare the effect of ammonium nitrate and anhydrous ammonia

on the yield and bushel weight of Cree barley was undertaken this year. Equal
amounts of these two fertilizers were applied at 0, 25, 50 and 100 lbs per

acre and incorporated into the soil on April 25, 1973. Cree, a new high-~yielding
feed barley, was the test crop and was seeded on April 30. The plots were har-
vested on August 3. Soil test is given in Table 8.

The yields and bushel weights are given in Table 8. The 100~1b rate of both
fertilizers produced significant yield increases when compared to the check
and ylelded 94 and 95 bushels per acre. The 25-and 50-1b rates were erratic
and lower than the check. The bushel yields were variable and both check
plots were higher than the other treatments. ' -

Table 8. Effect of Ammonium Nitrate (NH4NO3) and Anhydrous Ammonia (NH3) on
Yield and Bushel Weight of Cree Barley, 1973.

Treatment Yield bu/A Bushel Weight
1bs/A NH4NO4 NH4 NH4NO4 NHq
0 74 77 48 46
25 68 78 44 45
50 70 72 45 42
100 95 94 46 46
LSD 5% 16 17

Soil Analysis

pH 0.M. P - 1bs/A K - 1bs/A NO3 - 1bs/A
8

H 80 600+ 105
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APPLICATION OF AMMONIUM NITRATE AND ANHYDROUS AMMONIA
TO CREE BARLEY AT 6~INCH HEIGHT

In this trial 0, 25, 50 and 100 1bs per acre of these two fertilizers were
applied to Cree barley at the 6-inch growth stage. The crop was seeded on
May 4 and was fully tillered by June 4 when the fertilizers were applied.

There was considerable damage to the anhydrous plots from the tractor and
applicator wheels. These remained until harvest time, but some grain did
grow in these tracks. The plots were harvested on August 2,

The yields and bushel weights are given in Table 9. It was difficult to har-
vest uniform plots, but effort was taken to include a reasonable wheeltrack
area. The ylelds were very similar for both fertilizers but there were no
significant differences between rates. The bushel weights were very similar
and no significant trend appeared.

Table 9. Effect of Ammonium Nitrate (NH4NO3) and Anhydrous Ammonia (NH3) on
Yield and Bushel Weight of Cree Barley (Crop 6 inches tall), 1973.

Treatment Yield, bu/A Bushel Weight
1bs/A - NH4NOg NH4 NH4NO5 NH3
0 74 79 47 46
25 79 73 46 46
50 87 79 47 45
100 87 88 45 45
LSD 5% 22 21

Soil Analysis

pH 0.M. P - 1bs/A K - 1bs/A NO; - 1bs/A
8 H 80 600+ 105

ted
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SUGARBEET ROTATION STUDIES - 1973

This is the seventh year of this trial with continued emphasis on nitrogen
fertilization. This year the program is based on the rate of 125 1lbs per
acre of total nitrogen for beets. Table 10 shows the average content of soil
nitrate-nitrogen (NO3~-N) for 0-24 inch depth for each rotation and amount of
ammonium nitrate added and total nitrogen.

Table 10. Nitrate—nitrogenl in 0-24 inch depth, amount of ammonium nitrate
added and total nitrogen per acre, 1973.

Rotation?Z NO4-N in soil NH,NO3 added Total Nitrogen
----- -lbs pcr acre—-—-—mm-m--—memmmm— e
Black fallow 180 0 180
Legume fallow 193 0 193
Alfalfa fallow 149 483 125
Barley 39 86 125
Soybeans 43 82 125
Oats 26 99 125

1 so0ils sampled October 21, 1972
Beets followed these crops in 1973
One replication contained 78 1bs soil nitrate-nitrogen

Plots in the three fallow rotations contained the largest supply of nitrate-
nitrogen in the 0-24 inch depth ranging from 149-193 1lbs per acre. The
legume fallow averaged 1.76 tons of dry matter per acre which was plowed
under approximately June 15. The yield on the alfalfa plots was 1.8 tons
hay at 15.5% moisture and valued at a=walue=of=$30.00 per ton.

Fertilizer Plan

Table 10 gives the amount of nitrogen fertilizer added to the soil for beet
production in 1973, Phosphate fertilizer at 250 lbs of 0-46-0 per acre was
broadcast in the fall of 1972 to all plots scheduled for beets in 1973.

For the small grain and soybean plots, 200 1lbs of 30-10-10 was broadcast
prior to seeding.
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Soll tests are taken each fall and analyzed for soil nitrate-nitrogen in the
0-24 inch depth. This data is given in Table 11 and also includes a 4-year
summary. The three fallow rotations have the largest supply of nitrate-nitrogen.
The alfalfa fallow rotation doesn't have as large a supply of nitrates as the
black and sweet clover fallow. The three non-fallow rotations were very similar.

Similar soil tests are taken each fall from the beet plots and these results
are given in Table 12. The amount of nitrates remaining in the soil after
the beet crop was very similar for each rotation, except after soybeans. Two
of the replications were higher than usual, but the three-year averages were
very similar.

Table 11. Amount of Nitrate-Nitrogen (N03-N) in 0-24 Inch Depth at End of
1973 Cropping Season and 4-Year Average (Sugarbeet Rotation).
Soil Sampled: October 15, 1973

1973
Rotation Nitrate-Nitrogen 4-Year Average
1973 crop1 1bs/A -
Black fallow 108 162
Legume fallow 170 168
Alfalfa fallow 93 133
Barley 44 43
Soybeans 34 50
Oats 51 39

1 Sugarbeets will be planted in these plots in 1974,

Table 12. Amount of Nitrate-Nitrogen (NO3) Remaining in 0-24 Inch Soil
Depth after Sugarbeets with 3-Year Average (Sugarbeet Rotation).
Soil Sampled: October 15, 1973 ~

Rotation 1973
Beets following Nitrate-Nitrogen 3-Year Average
~-1bs/A

Black fallow 33 25
Legume fallow 49 39
Alfalfa fallow 44 43
Barley 47 32
Soybeans 741/ 46

QOats 47 30

1/ Two replications were higher than usual.

Amounts of green manure plowed under on the sweet clover rotation and amount
of hay removed from the alfalfa rotation are given in Table 13 for 1973 and
1971-73 average. The alfalfa crop was taken off for hay at 15% moisture.
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Table 13. Amount of green manure plowed under and alfalfa removed from sugar-
beet rotation.

Rotation Dry Weight Per Acre Alfalfa Hay 15%
1973 1971-73 1973 1971-73

Legume fallow 1.76T 1.34T - -

Alfalfa fallow - - 1.80T 1.63T

Table 14 gives the yield and percent sugar for beets following rotations with
and without added nitrogen. Soil nitrate tests were taken and, if necessary,
ammonium nitrate was added to one-half of each plot to bring the total amount
of nitrogen equal to 125 1lbs. per acre.

Beet yields following the three fallow retations with no added nitrogen had
significantly higher yields than those following the three non-fallow rotations.
When nitrogen was added, the beet yields on the non-fallow plots were increased
from 3.19 to 4.70 tons per acre.

Table 1l4. Yield of beets and percent sugar with no added nitrogen versus added
nitrogen, 1973.

Rotation Yield Percent Sugar
Beets following: No N Added N No N Added N
T/A . T/A-

Black fallow 21.16 21.16 15.76 15.84
Legume fallow 21.98 21.98 14,47 14.82
Alfalfa fallow 20.11 20.16 15.05 14.82
Barley 14.36 19.06 15.04 14.59
Soybeans 16.70 19.89 14.83 15.20
Oats 14.22 18.74 15.56 15.05
LSD 5% 3.58 3.58 .79 .79

Date seeded: May 2, 1973
Date harvested: October 1, 1973
Fertilizer plan:' 100 1lbs., 0-46-0 applied fall 1972

Percent Sugar: Beets following black fallow had the highest percent sugar,
and beets following the legume fallow were the lowest. The addition of nitrogen
to the beet plots following barley and oats lowered the percent sugar.

Recoverable sugar and Impurity Indices for the six rotations are given in
Table 15. Beets following black fallow had the highest amount of recoverable
sugar and beets following all three fallow rotations were higher than those
following the barley and oat rotations. The addition of nitrogen to the three
non-fallow rotations increased the recoverable sugar from 1041 to 1130 1bs.
per acre.
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Impurity Index: These indices are lower than usual. Beets following the legume
fallow had the highest values. Beets following oats had the lowest index.
There were some changes in the indices by the addition of nitrogen but they

were not significant.

Table 15. Recoverable sugar and impurity index of sugarbeets with no added
nitrogen versus added nitrogen, 1973.

Rotation Recoverable Sugar Impurity Index
Beets following: No N Added N No N Added N
------- 1bs/A-—mmmmmm

Black fallow 6170 6224 490 470
Legume fallow 5739 5964 - 649 563
Alfalfa fallow 5567 5461 534 571
Barley 3970 5100 526 554
Soybeans 4568 5609 532 471
Oats 4155 5247 386 470

LSD 5% 1042 1042 162 162
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EFFECT OF CULTIVATION ON EVAPO-TRANSPIRATION AND WATER USE BY SUGARBEETS--1973

In order to determine the effect of cultivation on evapo-transpiration and use
of available soil moisture on sugarbeet production, a research trial was ini-
tiated in the spring of 1973 at the Northwest Experiment Station. Replicated
plots were laid out on Fargo silty clay loam soil and planted to beets on May 1.
Plots were six rows wide and 30 feet long. Randomized treatments were 0, 1, 2,
3, 4, and 5 cultivations during the season and were applied with a standard six-
row sugarbeet cultivator.

The first treatment was applied on May 31 when all plots except "0 cultivation"
were cultivated. The second cultivation to specified plots was performed on
June 12, the third cultivation on June 22, the fourth cultivation on June 25,
and the fifth cultivation on July 5. Weeds were controlled on plots designated
"0 cultivation" by hand-hoeing. All other plots were hand weeded and thinned.

Soil samples from 0 to 60 inches were taken on the first of the month and avail-
able soil moisture determinations were made by standard methods. Another set of
soll samples from 0 to 36 inches was taken mid-month for available soil moisture
determinations. Calculations were made from these data of the total water used
and water use per day for the six treatments in the study for the sampling period
of June 14, 1973, to September 17, 1973. Table 16 is based on the 0 to 36 inch
soil moisture sample.

Table 16. Effect of six cultivation treatments on amount of available water
use per day and total water use by sugarbeets for period June 14
to September 17, 1973.

Treatment Water Use Per Day Total Water Use
Number of Cultivations Inches Inches
0 .106 10.13
1 .113 10.84
2 114 10.96
3 121 11.62
4 .142 13.63
5 ,133 12.77

Evapo-transpiration is the soil water lost by surface evaporation and trans-
piration by plants. Together they account for the consumptive use of water

in producing crops. Surface evaporation is greatest in the early part of the
growing season before plant foliage covers the soil surface. Excessive culti-
vation also increases soil moisture loss. The daily water use increased as
indicated in Table 16 as the number of cultivations increased. The total water
use for the period of this trial was greatest on the plots which received four
cultivations compared to the plots with "0" cultivations. This figure was 3.50
inches and indicates that excessive cultivation results in a soil moisture loss.



EFFECT OF CULTIVATION ON YIELD AND QUALITY
OF SUGARBEETS, 1973

Table 17 gives the results of cultivation on yield, percent sugar and recoverable
sugar. Plots which received three cultivations had the highest yields. There
was a significant yield reduction from "five" cultivations compared to the
remaining treatments.

Table 17. Effect of cultivation on yield, perceht sugar and recoverable sugar of
sugarbeets, 1973.

Treatments Yield Percent Sugar Recoverable Sugar
No. Cultivations T/A 1bs/A

0 18.21 11.92 3671 3\

1 (May 31) 18.98 12.53 4137

2 (June 12) 18.57 12.98 4256

3 (June 22) 20.29 12.82 4583 &

4 (June 28) 18.87 12.62 4163

5 (July 5) 15.53 12.98 3525 g\

NS
LSD 5% 2.55 1.38 825

Date planted: April 25, 1973
Date harvested: September 27, 1973

Soil test: pH 0.M. P K NO3-N
8.0 H 72 1bs/A 385 1bs/A 105

Fertilizer: 29-14-0 @ 80 lbs/acre - row applied

The early harvest of these plots on September 27, may have contributed to the
rather low sugar content. There were no significant differences between treat-
ments but "0" cultivation was approximately one percent lower than all other
treatments in percent sugar.

Recoverable sugar from "3 cultivations'" was significantly higher than "0" and
"5" cultivation treatments, but not from the other treatments.

Table 18 summarizes the quality of the sugarbeets in this trial. The beets from

"Q" cultivation had the highest sodium but was not significant from other treat-
ments. There were no significant differences between any treatment in the potassium
and amino-nitrogen content. There were no significant differences in the Impurity
Indices, however, "0" cultivation had the highest reading.
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Table 18. Effect of cultivation on quality of sugarbeets, 1973.

Treatment Sodium Potassium Amino-N Impurity
ppm ppm ppm

0 cultivation 843 1738 553 1045

1 cultivation 649 1782 509 910

2 cultivation 581 1564 469 787

3 cultivation 533 1654 467 796

4 cultivation 604 1624 510 859

5 cultivation 566 1645 518 829
NS NS NS NS

LSD 5% 451 307 142 321

POTASH TRIALS ON SUGARBEETS IN 1973 .

This is the second year of this trial and results from the two-year data
show that sugarbeets responded to applications of potash. Tables 19 and 20
give the results from this trial. Yields increased from .66 to 2.14 tons per
acre from the application of potash compared to the check. The 200-1b. rate
produced a significant increase of 2.14 tons greater than check.

Percent sugar varied but three treatments were below check. The 100-1b.
rate had the highest percent sugar and the 400-1lb. rate had the lowest.

The 100-1b. rate had the highest amount of recoverable sugar, a signifi-
cant increase of 528 1lbs. above the check plot.

In gummary, the 100-1b. rate was the most economical treatment, having
the second highest yield, highest percent sugar and recoverable sugar per acre.

Table 19. Effect of potash on yield, percent sugar and recoverable sugar of
sugarbeets, 1973.

Treatment Yield Percent sugar Recoverable sugar
1bs/A T/A 1bs/A

Check 18.76 13.52 4486

50 19.42 13.38 4599

100 20.42 13.74 5014

200 20.90 13.41 4972

400 20.07 13.09 4623

LSD 5% 1.81 .64 456

Date planted: April 25, 1973
Date harvested: September 28, 1973

8.0 H 72 1bs/A 385 1bs/A 105 1bs/A

Fertilizer: 29-14-0 @ 80 lbs/acre - row applied
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The effect of potash on the quality of sugarbeets is given in Table 20.
There were no significant differences in sodium content between treatments.
However, they were all lower in sodium than the check treatment.

Potassium content increased with increased rates of potash. The 400-1b.

rate was significantly higher than the other tgéatments except the 100-1b, rate.

Table 20, Effect of potash on sodium, potassium, amino-nitrogen and impurity
of sugarbeets.

Treatment Na K Amino-Nitrogen Impurity Index
1bs/A --ppm: -
Check 402 1638 493 735
50 387 1708 510 768
100 387 1779 424 702
200 388 1753 480 752
400 351 2064 440 . 795
NS NS NS
LSD 5% 123 286 123 156

Amino-nitrogen values varied and all treatments except the 50-1b. rate were
lower than the check, but there were no significant differences.

There were no significant differences in impurity indices. The 400-1b.
rate was the highest.
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FODDER BEETS -~ 1973

Two varieties of fodder beets were sown in replicated plots on May 7 using a
six-row planter with 22-inch row spacing. Plots were hand thinned and mechani-
cally cultivated during the season. The plots were harvested on October 10 and
the results are given in Table 21.

Table 21. Yield, percent sugar and stand of two varieties of fodder beets, 1973.

Field Dry Beets
Variety Tonsg/A Percent Per
Root Top Root Top Sugar Acre
Polyfourra 48.4 12,0 6.0 2.0 6.2 36,419
Blanca 33.8 15.5 6.0 2.6 7.5 32,849

These beets were very high in moisture as indicated by the yield on the dry
basis. Although Blanca yielded 15 tons less than Polyfourra the weight on the
dry was the same. Percent sugar was rather low., The stand was excellent.

The feeding value, which is a composite of the two varieties, is given in
Table 22,

Table 22. Nutrient values of fodder beets, 1973.

Digestible Raw
Protein Protein Fiber Fat Ash Calcium Phosphorus
percent dry basis

Tops 12.8 19.2 14.4 2.0 19.4 0.7 0.2

Roots 6.0 10.6 8.5 0.7 8.6 0.2 0.1
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AVAILABLE SOIL MOISTURE STUDIES

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

Soll samples were collected from four different cropping systems during the
growing season. Availlable soil moisture determinations were made at this
station on 1120 samples of soil during the year. The first samples were taken
on April 12 on site 1 and on April 18 on sites 7 and 8. On site 9, which was
in alfalfa fallow in 1972, the first soil samples were taken on May 9.

The data in Tables 24, 25, 26, 27 and 28 give the sampling dates, the preci-~
pitation 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 1972 so that the accumulated overwinter and early spring moisture can be
determined. Site 10 was in alfalfa and was plowed on June 28 and fallowed
and the results in Table 28 are for the last sampling of the year.

The available moisture supply was low at the end of the 1972 cropping season.
The soil moisture increased slightly on all sites over the winter months but
was still rather low at the first sampling date in the spring.

The rainfall during the growing season was below average which caused a gradual
decline in available soll moisture throughout the summer reaching a point of
almost no available water. At site 1 a deficit of 0.66 inches was measured

the first part of August. Heavy rains throughout August and September totaling
over ten inches helped to relieve the drought condition in the Valley. At the
end of the season, October 29, the supply of available moisture had increased
but was still below average for this time of the year.

Table 23 summarizes the available water in the soil at the end of the 1971,
1972, and 1973 growing seasons for sites, 1, 8 and 9.

Table 23, Available soll moisture at the end of the growing season, Northwest
Experiment Station, 1971, 1972 and 1973.

Site Soil Type Texture Available Water 5 Ft. Depth
(Crop)
1971 1972 1973
1 Fargo S. Clay Loam 6.43 1.81 2.,98%
(Alfalfa) (Alfalfa) (Alfalfa)
8 Bearden Silt Loam 11.10 3.98 5.34
(Black fallow) (Beets) (Barley)
9 Bearden Silt Loam - 4,82 1.94

(Alfalfa fallow) (Beets)

* Alfalfa field plowed before last sampling.



Available moisture in inches, 1973.

Alfalfa (Alfalfa 1972)

Site 1.

Table 24.

Depth in inches
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Total
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Total precip. 19.89
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Available moisture in inches, 1973.

Barley (Sugarbeets 1972)

Site 8.

Table 25.

Depth in inches
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Total

49-60

25-36 3748

Available moisture in inches, 1973.
19-24

Depth in inches

13-18

(Barley 1972)

7-12

0-6

Sugarbeets

Precip.
Inches

Site 7.

Sampling
Date

Table 26.
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Total
4.82
6.04
5.34
3.50
1.66
0.51
5.90
1.94

49-60
0.79
1.29
0.76
0.91
0.79
-0.57
1.16
-0.04

37-48
1.45
2.06
1.60
1.71
1.25
0.04
1.79
0.88

25-36
1.20
1.40
1.51
- 0.48
0.77
-0.23
1.34

Available moisture in inches, 1973.
0.50

19-24
0.26
0.19
0.53
-0.06
0.25
-0.15
0.46

Depth in inches
0.13

(Alfalfa fallow 1972)
13-18
0.35
0.35
0.33
0.04
-0.40
0.38
0.50
0.19

7-12
0.43
0.50
0.21
0.24
0.59
0.59
0.39
0.29

~

0.34
0.25
0.40
0.18
-0.41
0.45
0.26
-0.01

Sugarbeets
- 0-6

Precip.
Inches
3.12
1.44
2.16-
1.70
6.22
3.87
1.38

Site 9.

Date

Total precip. 17.37
Total precip. 19.89

11/1/72
5/9/73
5/30/73
7/2/73
8/3/73
9/6/73
10/2/73
10/29/73

Table 27,
Sampling




AVAILABLE SOIL MOISTURE SURVEY
Northwest Experiment Station
Crookston, Minnesota

1973
Table 28. October 31, 1973 Site 10, Field 6 Sugarbeets (Alfalfa fallow 1973)
0-6 7-12 13-18 19-24 25-36 37-48 49~-60 Total
Percent Moisture 24.3 23.7 21.1 20.7 22.4 23.8 23.5 .-
Available H,0 0.39 0.51 0.56 0.46 1.51 1.93 0.97 6.33
Deficit - in. 1.27 0.98 1.15 1.22 1.79 1.82 2,48 10.71

LE
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Available soil moisture was low at the end of 1972 and 1973 compared to 1971.

In 1973 site 8 shows higher soil moisture than site 1 or 9 due to the shorter
growing season of barley. This is also true in 1972 with site 9 where the
alfalfa was plowed and fallowed after harvesting the first crop. The soil
moisture in this area was generally low at the end of the 1972 and 1973 cropping
seasons because of below normal precipitation.

WATER USE PER DAY

From the available soil moisture study it is possible to calculate the water
use per day for the three crops mentioned above. This data is given in Table 29.

Table 29. Water use per day for alfalfa, sugarbeets and barley at the North-
west Experiment Station, 1973.

Sample Period Water Use Per Day in Inches
Alfalfa* Sugarbeets Barley
4/12 - 5/1 .098
5/2 - 5/30 .089 .031 . 094
5/31 - 7/2 .103 .053 .179
7/3 - 7/30 .087 .210 .056
7/31 - 9/4 <122 .107 .096
?/5 - 10/1 .041% .080 .066
10/2 - 10/29 .043 .011 .063
Total for season 16.94 19.12 16.92

* Alfalfa field plowed and fallowed September 1, 1973.

Alfalfa with its long root system is a heavy consumer of soil moisture,
starting with early spring growth and ending at freeze-up time in the fall.
However, the site was plowed on September 1, and fallowed for the rest of

the growing season which accounts for the lower values in water use. Grain
crops like wheat and barley use considerable soil moisture during the growing
season but are harvested earlier than sugarbeets. Sugarbeets are low users
during the early growing season but by mid-season require large amounts of
soil moisture.

EVAPORATION FROM OPEN PAN

The average monthly and daily evaporation from an open pan together with mean
water temperature are given in Table 30. The readings are taken at 5:00 p.m.
each day except Saturday and Sunday. The collection of these data started

R
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May 1 and ended October 31 when the water froze solid. June and July were
very similar and had the highest daily and monthly evaporation. The large
number of clear and partly cloudy days influenced the amount of evaporation.

Table 30. Average daily and monthly evaporation from open pan together with
mean water temperature, 1973.

Month Inches Daily Inches Monthly Mean Water Temp.
May .239 7.42 55.8
June .317 9.18 65.1
July .291 9.02 68.5
August .268 8.31 70.4
September .164 4.91 55.7
October .104 3.23 47.9

Table 31 gives the average daily evaporation for 1968-73 and the six-year data.

Table 31. Average daily evaporation from open pan during the growing season,

1968-73.
Month 1968 1969 1970 1971 1972 1973 Average
M&y 0155 - -—— 0252 —— 0239 0215
June .315 - .204 .213 - . 317 . 262
July .251 .181 .288 .219 .250 .291 . 247
August .210 .297 . 270 .242 .253 .268 . 257
September .134 .180 .180 .170 .160 .164 .165
October* . 087 - - .219 .137 .104 .137

* Terminated when water froze.

Table 32. Number of clear, partly cloudy, and cloudy days for 1973,

Jan. Feb. Mar. April May June ‘July - Aug. Sept..Oct. Nov. Dec. Avg.

Clear 10 9 9 9 10 8 12 9 15 12 8 8 10
P. Cloudy 12 6 9 13 13 13 12 17 4 7 11 6 10

Cloudy 9 13 13 8 8 9 7 5 11 12 11 17 10

WEATHER SUMMARY 1973

Slightly warmer temperatures and average precipitation were recorded for 1973
at Crookston. Only four months--July, September, November and December--were
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below the long-time mean temperature. August was the hogtest month with a
72.6° compared to the long~time mean temperature of 67.5 . January, February
and March were also significantly warmer compared to the 60-year average.

The weather summary for 1973, which is given in Table 33, includes precipita-
tion, mean temperature and long-time averages. Table 32 gives the clear gnd
cloudy days.

The last spring frost occurred on May 17 when the temperature dropped to 28°.
The first fall frost occurred on September 16 with a reading of 270,

The frost-free period of 122 days during 1973 was three days shorter than
average.

The total precipitation was 0.34 of an inch greater than the 70-year average
of 20.20 inches. Of the total precipitation, 19.37 inches fell as rain and
the remaining 1.17 inches came from the 12 inches of snow. The precipitation
was poorly distributed throughout 1973 with April through July considerably
below normal and August and September recéiving almost half of the total pre-
cipitation recorded.

The snowfall for the calendar year measured over 707 less than 1971 or 1972.
The moisture content per inch of snow for 1973 was .098 inches compared to
the preceding two years of .054 inches and .065 inches, respectively.

Table 33. Weather summary for 1973 with averages for precipitation and mean
temperatures for 1900-1970.

Precipitation, inches mean temperature

Snow Precip. ----degrees—-—---

Month . Inch Inch Rain Total 1900-70 1973 1910-70
Jan. 2.5 0.16 0.02 0.18 0.56 10.6 4.9
Feb. 0.5 0.12 0.00 0.12 0.61 15.7 8.8
March 0.5 0.22 0.93 1.15 0.79 36.9 16.3
April 0.5 0.05 0.54 0.59 1.51 43.6 41.4
May 0.0 0.00 1.93 1.93 2.62 56.0 54.6
June 0.0 0.00 1.94 1.94 3.36 66.6 64.0
July 0.0 0.00 1.76 1.76 2.98 68.3 69.7
Aug. 0.0 0.00 3.40 3.40 2.89 72.6 67.5
Sept. 0.0 0.00 6.69 6.69 2.11 57.1 57.2
Oct. 0.0 0.00 1.38 1.38 1.34 51.0 45.0
Nov. 2.0 0.28 0.66 0.94 0.86 25.8 27.2
Dec. 6.0 0.34 0.12 0.46 0.59 9.6 11.6
Total 12.0 1.17 19.37 20.54 20.20 Avg.--42.8 39.0




4

AVERAGE WEEKLY SOIL TEMPERATURES

The daily soil temperatures at the four-inch depth were averaged for the week
and the results are given in Table 34 for the period April 9 to December 31.
Average soil temperature reached a high of 68. 2° during the week of August 20
and a low of 20.0° during the week of December 17. Average temperatures of
60° or higher were maintained from the first week in July through the first
week of September.

Daily soil temperatures varied and the highest readings were recorded during
July and the first part of August.

Table 34. Average weekly soll temperatures, 1973. (4-inch soil depth)

Week High Low Average
April 9 28.4 27.5 28.0
16 33.6 28.9 31.2
24 38.9 34.3 36.6
30 32.3 30.7 31.5
May 7 42.3 35.3 38.8
14 44.8 40.3 42.5
21 49.0 41.1 45,1
28 52.9 48.4 50.7
June 4 60.1 53.1 56.5
11 60.8 52.5 56.7
18 67.3 57.2 62.2
25 62.1 54.7 58.3
July 2 64.4 57.0 60.2
9 71.1 60.3 65.7
16 72.3 61.9 67.1
23 71.4 59.0 65.2
30 66.7 60.3 63.5
Aug. 6 68.4 60.8 64.6
13 68.7 62.1 65.4
20 72,1 64.2 68.2
27 66.7 60.6 63.7
Sept. 3 69.6 64.6 67.1
10 61.3 57.2 59.3
17 55.6 50.7 53.2
24 48,0 42.8 45.4
Oct. 1 52.0 47.5 49.7
8 52.9 48.4 50.7
15 48.9 46.4 47.7
22 44.8 40.5 42.6
29 45.3 42.6 43.9
Nov. 5 36.7 33.8 35.2
12 25.9 20.7 23.3
19 28.9 27.3 28.1
26 26.6 25.9 26.2
Dec. 3 26.4 25.3 25.8
10 22,2 19.9 21,0
17. 20,7 19.4 20.0
24 21.7 20.7 21.2
31 22,2 21.7 22.0
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GROWING SEASON 1973

Unusually warm temperatures during January, February and March initiated an
early spring in the Red River Valley. During the latter part of February the
snow pack began to melt and by March 9 just a trace of snow in windbreaks,
ditches and fence-lines remained. On March 15 the ground frost had thawed
two inches and by April 30 all the ground frost had disappeared. s

January was 5.7°, February 6.9°, and March 20.6° warmer than average and helped
early seeding. January, February, April and May were also well below average
for precipitation which helped early drying of the fields.

Field work started in late March on some of the dryer soils and by the first
part of April most farmers had started field work. Wheat and barley plots were
seeded April 9 which was nearly one month earlier than 1972, Sugarbeet planting
started the first week in May with an average 4-inch soil temperature of 40°.

Crops progressed rapidly during June, July and August even though there were dry
periods during this duration.

First crop alfalfa was cut on June 11 and the yields were average. Barley
harvest started the 19th of July followed by oats on July 25 and wheat on the
1st of August. Small grain yields were average even though precipitation was
below average for the growing season.

Potato and sugarbeet harvest started during the second week in September.

There were three five-day periods of rain throughout September and October
averaging 2.78 inches per period which temporarily halted the harvesting

operations. However, the potato and sugarbeet harvests were completed by

November 1 with very little difficulty.

With the predicted shortage of nitrogen fertilizer for the 1974 growing season,
there was a marked increase in fall application of fertilizer in the anhydrous
ammonia form in the Red River Valley. Relatively dry soil conditions enabled
farmers to finish fall work in good shape.
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COMPARATIVE VALUE OF SEVERAL SMALL GRAIN CROPS AS
FORAGE AND GRAIN CROPS IH NORTHWEST MINNESOTA

o e et P T g

CROOKSTOM, MINNESOTA - 1973

Charles Simkins, Larry Smith, Robert Schoper

Era wheat, Waldron wheat, Lodi oats and Cree barley were grown under varying
levels of fertility and harvested in the soft dough stage for comparison as

forage crops. They were also harvested at maturity in order to compare the

yields of grain, protein and straw,

A11 small grains were sceded with grain drill with an application of 100 1bs.
per acre of 0-46-0 applied at the time of seeding. Mitrogen applications
were made prior to seeding.

Wheat was seeded at the rate of 120 1bs. per acre, oats at 64 1bs. per acre
and barley at 72 1bs. per acre.

Nitrogen applications were as follows: Era and Waldron wheat 0, 100, 150 1bs.
of nitrogen per acre, oats and barley 0, 30 and 60 1bs. nitrogen per acre.

The soil at the experimental site had the following chemical characteristics:
NO3-N (2 ft. depth) - 95 1bs/acre -
P - 50 1bs/acre
K - 430 1bs/acre
pH - 8.0
Moisture received during the growing season was below normal (8.6 inches).

The forage yields obtained by harvesting a portion of each small grain at
the soft dough stage is shown in Table 1.
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Table 1. Forage yields of small grains and protein content. Crookston,
Minnesota - 1973.

N - Ps0g - Ko0 Dry Matter Protein

Small Grain Ths/acre tons/acre %
Era wheat 0- 46 - O 3.37 a* 4.7 a*
" 4@9_;_1&L=__41 4,49 b 8.1b
. 0- 46 - 0 3.87 a 9.0 b
Waldron wheat 0- 46 - O 3.64 3.8 a
" 100 - 46 - O 4.06 6.4 b
" 150 - 46 - O 4,39 6.8 b
Lodi oats 0- 46 - 0 3.54 7.1 a
A 30- 46 - 0 3.67 8.5b
i 60 - 46 - 0 3.70 9.3 b
Cree barley 0- 46 - 0 3.84 5.4 a
e 30- 46 - 0 3.68 5.2 a
& 60 - 46 - 0 3.4 7.9 b

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

Nitrogen fertilizer application produced no significant increases in forage
yield in the case of Waldron wheat, Lodi oats and Cree barley. Significant
increases were observed in the case of Era wheat. The 100 1b. I rate
resulted in more than 1 ton increase in dry matter pév acre. The irighest
yvield of forage dry matter was produced by the semi-dwarf wheat variety Era.

It is not surprising that the nitrogen fertilizer did not result in higher
increases in forage yield in three of the small grain varieties since the
soil was relatively high in available nitrate nitroaen.

The protein content of the forage was significantly increased by nitrogen
ferti mmmm
than the wheat forage or barley forage. The grain and straw yields and the
percent protein in the grain is shown in Table 2.
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Table 2. Grain and straw yields of small qrains - Crookston, Minn. - 1973.

GRMAN

H - Ps05 ~ Ks0 frain Protein Straw
Small Grain 1bs/acre bu/A % ton/A
Era wheat 0- 46 - 0 41 a* 8.6 a* 1.34 a*
4 %LEL- 46 - 0 54 b 12.3. b 1.76 b
# 50 - 46 - 0 51 b 12.3 b 1.82 b
Waldron wheat 0- 46 - 0 35 a 1200 a 1.62 a
5 100 - 46 - 0O 49 b 13.8ab 1.96 b
s 150 < 46 < 0 47 b 14.8 b 1.98 b
Lodi oats 0- 46 - 0 56 a 11.0 a el
" 30 - 46 - 0 63 b ClaD 1.31
" 60 - 46 - 0 58 a 13.1 b 1.22
Cree barley 0- 46- 0 60 9.2 a 1.58
2 30 - 46 - O 64 Ta575b 1.90
i B0 - 46 -~ 0 68 11.6 b 1.69

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

Yields of grain were significantly increased by nitrogen fertilizer
application except for Cree barlev. The Tower rate of nitroqen usc -

i.e., 100 Tbs. in the case of wheat and 30 1bs. in the case of oats,
resulted in yields which were equal to the higher rates (150 and 60,
respectively). The percent protein in the grain was significantly increased
by nitrogen fertilizer applications on all small qrains. Straw yields of
wheat were significantly increased by fertilizer applications. Straw

yields of oats and barley were not significantly increased by nitrogen
fertilizer applications. Hail damage severely decreased the yield of oats.
Based on this one year trial, it would appear that wheat varieties such as
Era and Waldron can produce as much forage per acre as oats and barley crops.
The total straw yield of the semi-dwarf wheat variety, Era, compared
favorably with other small grain varieties, and produced considerably more
total pounds of grain per acre than the other small grain crops.
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INFLUENCE OF BAND - PLACED FERTILIZER ON SOYBEANS

G.E. Ham and L.J. Smith

Rates of nitrogen, phosphorus and potassium were banded two inches to
the side and two inches below the seed of Wilken variety at Crookston.
The fertilizer rates and seed yields are shown in Table 1. Seed
yield was not increased with any fertilizer treatment.

" Table 1. Influence of band-placed fertilizer on soybean seed yields
at Crookston (1973).

N R Th/scre boracre
0+0+0 32.9
5+0+0 31.8
10+0+0 34.2
0+10+0 29.6
0+20+0 33.6
0+30+0 33.0
0+0+30 29.9
0+ 10 + 30 30.9
0+ 20 + 30 30.4

0+ 30 + 30 33.6
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NITROGEN-SOYBEAN VARIETY STUDY - CROOKSTON 1973

G.E. Ham and L.J. Smith

Urea at the rate of 50, 100 and 200 pounds of nitrogen per
acre was applied to Ada, Altona and Wilken variety soybeans
at Crookston. The fertilizer was broadcast and disked-in
before planting. The seed yield of all varieties was
increased at the 100 and 200 pound rates and the yield of
Wilken was increased with 50 pounds of nitrogen (Table 1).

Table 1. Effect of nitrogen fertilizer on soybean seed yield
at Crookston (1973).

Nitrogen Soybean Variety
rate Ada Altona Wilken
Ibs/acre @ = = = —cemcmmaee- bu/acre-—=-==——ccco-=C
0 23.0 22.6 24.4
50 23.8 25.2 32.5%
100 29.5% 27.3% 31.5*
200 28.5% 29,2% 36.3*

* Yield significantly greater than check at .05 level.
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THE EFFECT OF UREA NITROGEN, WITH AND WITHOUT "N-SERVE" ON THE
1973 YIELD OF RUSSET BURBANK POTATOES GROWN ON IRRIGATED HUBBARD
LOAMY FINE SAND IN SHERBURNE COUNTY

John MacGregor, Curtis Klint, Dean Fairchild,
Robert Schoper and Glenn Titrud

Commercial potato growers located on the Mississippi sand plain north-
west of the Twin Cities apply relative large amounts of nitrogen
fertilizer to increase potato production in their irrigated fields.
Most of these soils are quite sandy and porous, low in organic matter
and available nitrogen, and also in water holding capacity. While
phosphorus, potassium, and possibly other elements are necessary
fertilizer materials, adequate water and nitrogen additions are
obviously the key components needed in larger amounts for good soil
management to maximize tuber yields. Since ammonium nitrate is the
most abundant of the solid, but water soluble commercial nitrogen
sources, this has been the principal N source used, since its ready
market availability and high water solubility make it most convenient
to apply through the sprinkler irrigation system at several times
during the growing season. However, a 1972 experiment in which Russet
Burbank potatoes were grown in an irrigated Hubbard loamy coarse sand
using ammonium nitrate to supply a total of 150 1bs N/A at different
times by splitting applications, resulted in relatively low tuber
yields, with no significant effects of the nitrogen fertilizations.
(See Soil Series 89, pp.52-53).

A nitrification retardant "N-Serve" developed by the Dow Chemical
Company is designed to depress the activity of urease (present in

most soils) and slow the production of nitrates from soil organic matter.
The warm, porous sandy soils with limited amounts of organic matter

are naturally subjected to rapid nitrification in late May and early
June, and this period of relative nitrate abundance is rapidly
superseded by insufficient nitrates for normal crop growth which are
now supplied by later split fertilization treatments, especially where
shallow rooted, high value crops such as potatoes are grown. Urea
fertilizer is becoming abundant and competitive in cost with ammonium
nitrate, and since it is a soluble organic compound, the use of N-Serve
should retard nitrate formation and lengthen out its period of N
availability over a much longer season than equivalent amounts of N
similarly applied in the ammonium nitrate form.

Early in 1973 an experiment was established with irrigated Russet
Burbank potatoes adjacent to the 1972 experimental plots where ammonium
nitrate was ineffective in potato yield. Four replications of three
rates of urea nitrogen (in addition to the no-urea N plots) supplied
100, 200 and 400 1bs N/A broadcast immediately following tuber planting,
in which a total of 0+288+288 was applied along the 36" rows (12" drop).
Each 8 row plot was 20' in length and these were then split into 2-4 row
subplots one subplot of/each of the 32 main plots being randomly
treated with "N-Serve"~ at the rate of 1.5 1bs per acre. An Eptam
spray supplying 3.5 1bs per acre was the herbicide worked into the

soil prior to planting, and the gystemic Thimet 15 G was also banded at
planting. Following planting on April 18, the area was dragged May 12,

Y Supplied by courtesy of the Dow Chemical Company, Midland, Michigan.
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cultivated on May 30, hilled June 19, and harvested on September 27.
Five inches of irrigation water were applied during the season at the
rate of 1" per irrigation. Sprays containing Manzate D and either
Thiodin or Serin were applied at 9 times, terminating on August 7.

RESULTS

The potato vines on all treated plots showed the beneficial effects of
the urea N additions proportional to the increasing rates of application,
and growth on each of the split plots showed the nitrification retardant
effect of the applied "N-Serve". This chemical treatment also

slowed the nitrification rate of the soil organic matter present,

since the "N-Serve", but no urea, plot vine growth was also less
abundant and lighter in color. This effect persisted over the entire
season, except where the heaviest rate of urea-N per acre (400 1bs)

was applied. This heavy urea N rate probably exceeded the capabilities
of the relatively small treatment rate of the "N-Serve". There was

no question of the effectiveness of the "N-Serve" on limiting

potato vine growth.

Ten central feet of the two middle rows of each of the 64 sub-plots were
dug and weighed late in September, and the average results in hundred-
weights per acre are shown in the following table.

1973 Yields of Russet Burbank Potatoes Grown in Irrigated Hubbard

Loamy Coarse Sand in Sherburne County With Three Rates of Urea Nitrogen
Applied, With and Without "N-Serve" (Values are averages of 8
replications).

Rate of Urea N applied at planting Y 1973 Tuber Yield 2/
(1bs/A) (cwt/A)

With Without
N-Serve N-Serve Average

0 166 162 164a
100 318 329 323b
200 427 437 432c
400 474 478 476¢

Y A total of 1152 1bs of 0-25-25/A was banded at planting, supplying

288 1bs of PZOS and of K20 per acre.

Y Total of all tubers weights.
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It is immediately apparent that the N-Serve has not significantly
affected potato tuber yield, following its marked effect on potato

vine growth. The beneficial effect of increasing rates of urea nitrogen
significantly increased yields to the 200 1b/A rate, with no marked
increase when this rate was doubled.

The ineffectiveness of the ammonium nitrate-N in 1972, and marked

effectiveness of urea-N on tuber production in the following year on
these irrigated sandy soils suggest that the effectiveness of these
two N sources for potato fertilization should be studied further in

a well replicated experiment.
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A REPORT OF A THREE YEAR STUDY (1971-72-73) OF
RATE AND TIME OF NITROGEN FERTILIZATION FOR
CORN GROWING ON A HUBBARD LOAMY COARSE SAND

IN SHERBURNE COUNTY

John MacGregor, Dean Fairchild, Robert Munter and Robert Schoper

(The reader is referred to p.50, Soil Series 88, and to p.46, Soil Series
89 for preceding reports).

There are several million acres of sandy soils in Minnesota. These soils
are low in organic matter and have low water holding capacity, but may
be very productive if adequate essential nutrient elements and water are
made available. Nitrogen is usually the element most limiting to non-
legume plant growth and since most commercial N fertilizers consist of
salts quite soluble in water, these may be readily applied during one or
more of the sprinkler water applications. Since this element moves
readily with water through the soil and is readily leached beyond the
reach of most plant roots, especially in porous soils, this experiment
was carried on for 3 growing seasons to determine both optimum applica-
tion rate(s) and time(s) of fertilization at one or more times of
irrigation.

Ear corn was harvested in late October, with the stalks chopped and
lightly disked in the fall. These were then plowed under in late April
or early May, disked, harrowed, and planted in 30" rows, with Minhybrid
4201 (110 day) corn seed to give a population of 30,700 plants per acre.
Herbicide sprays of combined Lasso and atrazine provided excellent weed
control. Plots were 15' x 50', the 10 treatments arranged in six
randomized block replications, with similar treatments repeated in each
of the 3 growing seasons. The only nutrient applied during the
experiment was nitrogen, broadcast as ammonium nitrate, which was readily
dissolved and carried into the soil by rain and/or irrigation waters.
The ten annual treatments included four rates of nitrogen application
(as ammonium nitrate) to supply 0, 100, 200, and 300 pounds of N per
acre as follows:

(1) A1l applied as a single broadcast a few days after planting,

(2) The same total amounts of N at monthly intervals of planting
(in May), June, July, and August,

(3) The same amounts split into 8 bimonthly applications of
planting (in May), June, July and August.

Nitrogen effect on corn growth was evident from emergence during each
of the three growing seasons, but deficiency symptoms of other essential
elements were not evident. Percentage "index" leaf N, ear corn yield,
N in grain and total amounts removed (as well as total moisture during
the 5 month growing season) are shown in Table 1.

Nitrogen content of the 6th or "index" leaf at tasseling was determined
in 1971 only, since these analyses only corroborated the visual symptoms
of N deficiencies of corn plants on the different treatments. Yields
were significantly increased by all N applications, wit jca-
tions at monthly intervals appearing most promising. As application
rate increased, time of N fertilization became less important. Whereas
the 200 pound N rate generally produced significantly higher grain
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yields than the 100 pound rate, the 300 pound rate was not a significant
addition to the 200 1b rate at any application time, although increasing

N fertilization increased both grain N concentrations and amounts of N
removed by the grain per unit area. However, the heaviest N fertilization
decreased the economic efficiency of N usage.

CONCLUSIONS

The tremendous effect of fertilizer nitrogen on corn growth during each

of the 3 years of this experiment on irrigated sandy soils illustrates

the productive capacity of these soils where properly managed. The

experimental soil had a good supply of available phosphorus and potassium

and hence these elements were not applied. The annual 300 1b/A of .
nitrogen was obviously excessive, with the intermediate 200 1b rate

apparently being most economic at this time. Generally, the greatest

fertilizer efficiency occurred when applied at the four monthly intervals.



Table 1(a). Some effects of varying annual rates and times of nitrogen fertilization on corn yield when grown

on irrigated Hubbard loamy coarse sand in Sherburne County.

(Averages of six replications).

N broadcast Time(s) of N N in 1bs/A % N in Yield of ear corn
annually (NHyNO3) fertilization per application 6th leaf (bu/A @ 15.5% moisture)
(1bs/A) 1971 1971 1972 1973 Ave.
None - - 0.61 43 272 13a 26
100 Early May only. 100 1.19 92b 68b 106b 89b
100 Early May, June, July, Aug. 25 1.42 154c¢d 109d 121bc  128cd
100 1/ 8 bimonthly (M,J,J,A) 12.5 1.53 136¢ 93¢ 133bcd 120c
200 Early May only. 200 1.1 158cde 125e 137bcd 140de
200 Early May, June, July, Aug. 50 1.89 185def 143f 150cd  159ef
200 1/ 8 bimonthly (M,J,J,A) 25 ‘ 2.10 192f 141 f 150cd 16lef
300 Early May only. 300 1.15 173def 126e 147cd  149ef
300 Early May, June, July, Aug. 75 2.05 195F 142f 162d 166f
300 1/ 8 bimonthly (M,J,J,A) 37.5 2.43 189%ef 138ef 139bcd 155ef
Total five month moisture (rainfall and irrigation) 30.5" 27.2" 30.3" 29.3"

Y Applied at 15 day intervals during May, June, July, and August.

2/ Numbers followed by the same letter are not significantly different (Duncan's New Multiple Range Test).

€S
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Table 1(b).

Some effects of varying annual rates and times of nitrogen fertilization on corn composition
and nitrogen removal when grown on irrigated Hubbard loamy coarse sand in Sherburne County.
(Averages of six replications).

N broadcast

annually (NH4NO5)

Time(s) of N
fertilization

(1bs/A)

None

100
100
100

200
200
200

300
300
300

Early May only.

Early May, June, July, Aug.

1/ 8 bimonthly (M,J,J,A)
Early May only.

Early May, June, July, Aug.

1/ 8 bimonthly (M,J,J,A)
Early May only.

Early May, June, July, Aug.

1/ 8 bimonthly (M,J,J,A)

v Applied at 15 day intervals during May, June, July, and August.

2/ Numbers followed by the same letter are not significantly different (Duncan's New Multiple Range Test).

N in 1bs/A ' Total N removal
© per : % N in grain in_grain (1bs/A
application 1971 1972 1973 Ave. 1971 1972 1973 Ave.
— 0.92  0.84 1.341.03abc% 19 8 7 Ma
100 0.82 0.88 1.06 0.92a 28 30 ' 57 38b
25 1.06 0.83 1.12 1.00ab 77 43 65 62e
12.5 1.02 0.98 1.16 1.05abc 66 43 73 6lc
200 0.99 1.03 1.181.07abc 74 60 77  70cd |
50 1.15 1.09 1.30 1.18cd 101 72 92 88def
25 1.23 1.00 1.31 1.18d 112 67 93 9lef
300 1.02 1.01  1.26 1.10bc 84 59 88 77cde
75 1.33 1.08 1.37 1.26d 122 A 106 100f
37.5 1.36 1.12  1.32 1.27d 121 72 88 94ef
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IRRIGATED CORN YIELDS, PERCENTAGE GRAIN NITROGEN,
AND NITROGEN REMOVAL IN TWO YEARS OF
FERTILIZATION OF HUBBARD LOAMY COARSE SAND
WITH FOUR NITROGEN FERTILIZERS

John MacGregor, Dean Fairchild and Curtis Klint

Field studies of the efficiency of different sources of fertilizer
nitrogen on corn yield and composition have generally shown that most
commonly used commercial nitrogen fertilizers have equal efficiencies,
where properly applied at similar rates of nitrogen. These conclusions
are periodically reexamined by field studies to confirm their validity,
since the 300,000 tons of nitrogen fertilizers now applied annually in
Minnesota represent a farmer investment of about 70 million dollars or
more.

Large acreages of irrigated sandy soils are now planted to corn and this
study comparing the effect of four N fertilizers on corn was conducted
on an irrigated Hubbard loamy coarse sand near Elk River in both 1972
and 1973.

Minhybrid 4201 (110 day) corn was planted during the first week of May
in 30 inch rows in both years, a few days after the corn stalks of the
preceding year were plowed under and the surface disked and harrowed.
The three solid fertilizers)/ (ammonium nitrate, urea, and ammonium
sulfate) were broadcast within a few days following planting, but wet
soil conditions delayed the anhydrous ammonia injections for approximately
a week after planting in both years. No banded starter fertilizer was
used, and no phosphorus or potassium fertilizer applied after 1969.
Corn populations (Minhybrid 4201-110 day maturity) approximated 30,700
plants per acre. The herbicide spray applied immediately following
planting consisted of 1.5 to 2.0 1bs of atrazine and 1.0 to 1.5 lbs

of Lasso per acre in 37 to 45 gallons of water. .In 1972, rainfall plus
irrigation water during May through September supplied 27.2" in 1972
and 30.3" in 1973.

Each of the three solid forms of N fertilizers were broadcast both years
. at the rate of 150 1bs/A on one 15' x 50' plot on each of 5 replicates
in a randomized block. The anhydrous ammonia was injected a week later
at 30" mid-row intervals.

Initially, growth on the later fertilized anhydrous ammonia plots was
slower, but this disappeared in 4 to 6 weeks. No deficiencies of
elements other than nitrogen were evident.

Ear corn was harvested in late October, yields were calculated, the N
content of grain and N removal per acre was determined and these are
shown in Table 1.

Y The 3 dry fertilizers used in 1972 were donated by the Howe Fertilizer
Company of Brooklyn Center, Minnesota, and the anhydrous ammonia by King
Gas Company of Osseo.
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Table 1. The relative effect of four nitrogen fertilizers applied at
planting to an irrigated Hubbard loamy coarse sand in Sherburne
County on 1972 and 1973 corn grain yield, N conient, removal,

and efficiency when applied at the rate of 150 1bs N/A.

‘ Ave. Ef-
: Ear corn (bu/A) % N in grain N removal (1bs/A) ficiency
N source 1972 1973 Ave. 1972 1973  Ave. 1972 1973 Ave. (%)

none ma¥ mMa  Ma  0.97 0.97a 0.97 5a 52 5a --
Amm.sulfate 119b  142b 131b  1.12 1.15ab 1.14 6lbc 8 71b 44
Anhy. Amnm. 123bc  147b 135  1.02 1.27b 1.15 59 90b 74b 46
Urea 125bc  123b 124b  1.11 1.07ab 1.09 66bc 64b 655 40
Amm.nitrate 152c 132b 142b 1.14 1.08ab 1.11 | 80c 69b 75b 46

1l Numbers followed by the same letter are not significantly different
at the 5% level (Duncan's New Multiple Range Test).
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A1l four nitrogen fertilizer sources effectively increased corn growth
and grain yields, with no significant difference in the nitrogen

fertilizer used - with the exception of ammonium nitrate heing superior

to the sulfate in 1972. Nitrogen concentrations and removal in grain
were equivalent from each nitrogen fertilizer in each of the two years.
It is apparent that since the 4 nitrogen sources are equivalent, the
selection of any of these four fertilizer materials should be based on
initial and application costs of nitrogen, services available, product
availability when needed, and accessory advisory services.
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ASPHALT BARRIER
ELK RIVER 1973
CORN AND ONION YIELDS

George R. Blake

No cv
barrier Barrier Significance %
Onions l'-/1bs/A.
>3" Jumbo 793 2008 NS 88.8
2-3" No. 1 12156 16139 NS 31.0
>2" 12950 - 18147 NS 33.8
1-2" No. 2 2610 1604 NS 51.0
>1" 15560 19751 NS 23.6
<1" Culls 25.4 18.0 NS 62.0
Totals 15814 19931 NS 22.2
Corn g/Bu/A.
@15.5% H20 26 24 NS 14.2

1/ Irrigated 2 days after planting with 1 inch water. Harvested four 40

foot rows each plot, 30 inch row spacing.

2/

=" No irrigation. Harvested four 20 foot rows each plot. Row spacing
30 inches.

M- e a -
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* ASPHALT BARRIER
ELK RIVER SATELLITE, 1973
CORN AND PINTO BEAN YIELDS

George R. Blake

Treatment Pinto Beansl/ Corng/
1bs/A Bu/A

No asphalt 1015a 89%a
750 gal/A 1370b 106b
950 gal/A 1502b 96ab
1500 gal/a 1497b 108b

Significance 0.01 0.05

c.V. % 11.4 8.0

1/ Harvested 10 rows each 40 feet in length and 30 inch spacing.

irrigation.

2/ Harvested 4 rows each 20 feet in length, 30 inch spacing.
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FIELD EXPERIMENTS WITH SOIL MODIFICATION
ON AN IRRIGATED SANDY SOIL - ELK RIVER, 1973

R.S. Farnham - D.S. Fairchild

Experiments with organic and inorganic detention layers on an irrigated
Hubbard sandy soil at Elk River were started in 1969. The object of
these studies was to modify the soil root-zone environment by installing
detention layers to make more water and nutrients available to the crop
plant. Materials used as dentention layers included various peats,
wood products, composted garbage, calcined clay and vermiculite. The
layers were installed both as 18 inch bands in rows and 14 ft square
plots at a depth of 18 inches below the surface.

FIELD CORN - 1973

The plot area was fertilized with 1000 1bs. of 8-16-16 per acre which
was broadcast and disked in on May 8. Corn was planted May 11 in

36" rows at a population of 25,640 plants. Variety used was Minhybrid
4201, 110 day maturity. Herbicide used was Lasso which was applied
at planting time.

Nitrogen side dressings were 190 1bs. per acre rate on June 6 and 190
1bs per acre rate on June 22. Corn was harvested Oct. 24.

Irrigation water applied June to Sept. totaled nine inches.
RESULTS:

Yields in 1973 for corn averaged higher than in past two or three

years with several of the materials used as detention layers. In

some cases the check yields were higher than certain treatments especially
on the square plots. Practically all row treatment yields were higher
than the checks. The detention layers appear to be contributing to
higher corn yields but they do not consistently have this effect.

Studies in 1974 are to evaluate these layers under irrigation rates.
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Table 1. Corn yields with soil modification - 1973.
1973 Yield bu/acre (15.5% Hp0)

Checks (no detention layers) 177 (ave. of 6)
Square Plots 14' x 14’
Sphagnum moss peat 120
Reed-sedge peat 17
Hydromulch (wood product) 166
Calcined clay 172
Vermiculite 191
Row Plots (Bands) Bushels/acre (ave. of 2 reps)
(15.5% moisture)
Hydromulch (wood product) 194
Composted garbage ' 188
Reed-sedge peat (fresh) 191
Reed-sedge peat (composted) 194
Sphagnum moss peat 185
Vermiculite 1/2" 183
Vermiculite 3/4" 189
Vermiculite 1" 181

Calcined clay 177
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POTATO FERTILIZATION ON IRRIGATED LOAMY SANDS - ELK RIVER 1968-1973
C. J. Overdahl and C. P. Klintl/

Fertilizer rates of 0, 150 and 500 pounds per acre of K,0 have been applied
annually for potatoes since 1968. 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 yield response due to high broadcast potash applications
have been observed. Significant responses were obtained from row treatments
in 1972 and 1973.

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, Norland was used for each of the
years preceding 1973,

Tuber yields by years were as follows:

Potassium-magnesium Effect Yield, Cwt/Acre
N + Py0g + Ko0 + Mg 1968 1969 1970 1972 1973
200+ 150+ 0+ O 158 270 267 210 340
200 + 150 + 150 + O 170 288 268 320 461
200 + 150 + 500 + 0 189 286 287 339 493
200 + 150 + 0 + 50 195 286 237 207 m
200 + 150 + 150 + 50 199 327 294 334 479
200 + 150 + 500 + 50 183 305 263 284 446

1/ Efforts of Dean Fairchild, Bob Schoper, Bob McCaslin, Charles Behrens,
Glenn Titrud and others are gratefully acknowledged.

M M — i am- " Y
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Petiole Analysis

%0 " T§3§""'"1§3§;£J£1§7?'_"T§7§

0 0 5.82 .4.70 0.47 5.24
150 0 6.00 6.25 5.95 7.95
500 0 6.73 6.78 11.16 9.66

0 50 5.95 4,39 0.79 4,69
150 50 6.18 6.48 6.80 7.93
500 50 6.88 7.12 10.68 9.43

% Mg

0 0 .31 27 112 0.53
150 | 0 .26 .15 0.42 0.30
500 0 A7 R 0.07 0.13

0 50 .36 .40 1.42 0.87
150 50 .30 .20 0.52 0.35
500 50 .19 .13 0.10 0.23

Soil Tests
Soil Test K

ko0 5

0 280 221 182 135
150 - 292 295 240
500 - 518 408 475

No soil tests were made in 1971 and 1972, petiole samples were not analyzed
in 1970. Rye was grown on the plot in 1971,
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FERTILIZER TRIALS ON ALFALFA - ELK RIVER 1973

————

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 (bluebook). In the fall of
1972, the plot treatments were again modified when all potash treatments were
reduced by one half. These were reduced from 240 1bs. K,0 per acre in
October, 240 1bs. K,0 per acre in June and 240 Tbs. of K30 applied both
October and June.

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

Rates of Ko0O/acre and Time of Application
0 Oct. 120 Oct. 120 0ct.
0 120 June 0 June 120 June

Irrigated (avg. pH 6.9)

Yield T/A 3.7a 6.3bc 5.9b 6.7¢

Soil test K (Sept.) 60 160 130 535

Avg. soil P 118

Avg., % P

% K tissue tissue
1st cut 1.00 2.47 2.91 3.42 44
2nd cut .91 2.07 2. 12 2.81 .36
3rd cut .94 2.36 2.04 2.85 47
4th cut 1.13 23 2. 12 3.35 .40

Non-irrigated (avg. pH 6.3)

Yield T/A 2.8a 4.4b 4.1b 4.5b

Soil test K (Sept.) 70 260 180 600+

Avg. soil P 158

% K tissue
1st cut 1.18 2.96 2.98 4.11 .44
2nd cut 42 2. 15 1.94 2.80 «2b
3rd cut 1.24 2.05 2.31 3.40 45
4th cut 1.14 3.00 2.70 3.40 .38

Y Acknowledgment is made of the considerable effort put into these plots
by Dean Fairchild, Bob McCaslin, Charles Behrens and Glenn Titrud.
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FOURTEEN YEARS OF FIELD EXPERIMENTATION WITH
NITROGEN SOURCE, PLACEMENT AND TIME OF APPLICATION TO
A WEBSTER LOAM NEAR LAMBERTON (1960-1973)

John MacGregor, Wallace Nelson and Robert Munter

(Annual reports of this experiment have been reported in Soil Series
74 t?rough 89 - and some of this information will not be included
here).

The fertilizer treatments have now been annually applied to the same
plot areas for 14 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 seedted preparation late in
April or in early May. The corn is drilled in 30" rows to produce

N v, approximately 20,000 plants/A, using a banded starter fertilizer of

rn-4yr-2f 8-24-12 at the rate of 175 1bs. over the entire experimental area,
thus supplying an additional T4 1bs. 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 previously
reported in some years, but this was omitted in 1973.

The 1973 growing season was relatively dry, with only 0.60" of rain

in the hot and critical growth month of August, which resulted in

the lowest average grain yield since 1966. Ear corn was harvested

late in September and the grain analyzed for N content. The 1973 grain
yields, percentage dry matter at harvest, N in dry grain, and total N
removed in the grain was calculated and these are shown in Table 1.

This shows the effect of annual N fertilization in a relatively dry
growing season, with the 94 1b N/A treatments providing some surplus
N to that removed by the crop in comparison to either the 14 or 54
1b/A treatment rates. The 174 1b/A rate appears to be excessive,
(both economically and environmentally) since there is little increase
in either grain yield or in N content of the corn grain. The excess
(or unused) N may also increase the nitrate content of the drainage
waters. Failure of the corn to remove little more than half of the
N applied at the highest rate, with no increase in grain yield
emphasizes the law of diminishing returns, which is especially true
under drier soil conditions during the summer of 1973.

+FOURTEEN YEAR AVERAGE ¥

Average grain yields during the 14 years of the experiment are shown in B 5téﬂx‘
Table 2. Where only 40 1bs N/A was fall applied, surface application A ¢« ™

tends to be more effective, and the urea appears to be somewhat more A
effective than ammonium nitrate - possibly because of its slower \\,
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conversion to the highly mobile nitrate form. Plowing down 80 1bs N/A
each fall is more effective than the lower rate, approaching the
yields produced with the 160 1b fall N treatment. Spring application
of either the 40 or 80 pound N rate failed to significantly increase
grain yields over similar rates applied late in the preceding fall,
but there was a uniform trend toward higher yields with spring
fertilization. Sidedressed N produced grain yields similar to the
spring fertilized plots. The heaviest sidedressing treatments were
equally effective as the same rate plowed down the previous fall.

GENERAL CONCLUSIONS

1. Late fall surface applied N is at least equal to that plowed down,
but where N fertilization rates are relatively low, spring or
sidedressing N treatments are more effective.

2. Urea appears at least equivalent to ammonium nitrate for producing
corn in these medium textured non-calcareous soils.

3. Where corn is annually grown on these soils good yields are main-
tained with annual N treatments supplying about 100 1bs/A - #
provided adequate P and some K are also included.” Most of this
will be annually removed in grain, with 1ittle or no increase
in either the soil or drainage waters.

4. By proper use of insecticides and herbicides, annual optimum
corn yields and total soil organic matter can be maintained or
increased.
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Table 1. Average harvest grain moisture, grain yield @ 15.5% moisture, N in corn grain (dry basis) and mf“gisﬂ“"
total N removed by grain per acre from annually fertilized Webster loam with NH,,‘NO3 or urea. - /
(4 replications). |
g**” Qw\b&
1/ % Dry Bu/A @ 15.5% moisture Ave. % N l Annua] Soil N (’"70
Treatment~ matter at in ibs N/A ! fert. status M
(1bs N/A) harvest I II 1IITI IV [Ave. grain removed (1bs/A) (1bs/A) o4
. \ (w
check 70.1 94.1 63.1 60.0 59.7| 69.2a | 1.07a | 35.0a 14 -21.0 0.50 =
40 N(NH,NO,) fall i ;
473 0.2/ 71.6  81.0 '97.1 92.9 97.0| 92.0b | 1.21abcl 52.6bc 54 +1.4 057 2"&
40 N(urea) fall P.D. 70.3 97.1 121.9 87.4 99.4|101.5bcd| 1.29¢cd | 62.0bed 54 - 8.0 0.6 @15
40 N(NH,NO;) fall ] 0.51 355
surface 68.9  103.4 99.2 87.1 82.2| 93.0b | 1.12ab | 49.2b | 54 + 4.8 - '
40 N(urea) fall f 63 685
surface 72.6 112.3 92.8 89.7 96.3| 97.8 1.35cde| 62.4bcd 54 - 8.4 0.6
80 N(NH,NO,) fall |
473 b, 71.8  117.1133.3 115.0 121.5{121.7e | 1.46ef | 84.1fgh | 94 +9.9 0,69 €3
80 N(urea) fall P.D. 70.6  107.9 145.9 91.91257[117.9cde| 1.39def!| 78.2efg 94 +15.8 0.6b 34.0
' i
160 N(NH,4NOS) fall |
473%0. 7.2 112.8 135.5 119.4116.3|121.0de | 1.63gh | 93.4n 174 +80.6 0.11 26§
160 N(urea) fallP.D.72.4  128.0 116.5 111.6103.4{114.9cde; 1.71h | 92.8h 174 +81.2 0.£0  36.|
40 N(NH,NO,) spring 72.2  103.4 119.7 103.9 89.2{104.1bcde 1.33cde| 65.0cde | 54 -11.0 0.6 150
40 N(urda)3spring  69.6  101.6 121.0 90.9 76.0| 97.4bc | 1.22abc| 55.7bc 54 -1.7 0.57 sWl
80 N(NH,NO,) spring 68.8  116.5 131.9 106.1117.5(118.0cde | 1.30cd | 72.8def 94 +21.2 0,61 Yl
80 N(ur&a)3spring  70.1  109.1 147.3 102.0111.8 [117.6cde 1.39def | 76.5def 94 +17.5 0.65 518
40 N(NH4N03) side-
dress 71.2 95.8 83.8 112.1104.5} 99.1bc | 1.25bcd | 57.9bc 54 - 3.9 ,O:Sg §7.2
40 N({urea) s1d0e\dr'ess 70.2 135.2 92.2 92.6 95.4 [103.9bcde 1.33cde | 65.0cde 54 -1 ) 0,62 5.0
(] . ' 5&4 ‘?‘f + J'J 017 5"'03
g0 Uaa. -S54\ 715 124,0 £ |, %6 ej’/ y.r.zé 4 94 t &5 0.6 62.7
)60 whydy - 64,4 "l ide|lesgh 709 sh. 174 +93. 0171 344
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Table 1 (cont.). Average harvest grain moisture; grain yield @ 15.5% moisture, N in corn grain (dry basis)

and total N removed by grain per acre from annually fertilized Webster loam with

NH4N03 or urea. (4 replications).

1/ % Dry Bu/A @ 15.5% moisture Ave. % N Annual Soil N
Treatment— matter at in 1bs N/A fert. N status
(1bs N/A) harvest I II Il Iv Ave. grain removed (1bs/R)  (1bs/A)
80 N(NH N03) sidedress 72.4 119.1 106.9 100.4 111.3 109.4bcde 1.52fg 78 .5efgh 94 +15.5
80 N(uréa) sidedress 71.8 144.3 125.6 120.7 103.5 124.0e 1.46ef 85.2fgh 94 + 8.8
160 N(NH4N03) sidedress 69.4 119.9 136.2 115.4 97.0 117.1cde 1.65gh 90.9gh 174 +83.1

1/ A11 plots received an additional 14 1bs N/A in starter.

2/ P.D. = plowed down.

- o . conibell



Table 2. Yields of ear corn during 14 years on a tiled Webster loam near Lamberton with annual applications
of NH4N03 or urea nitrogen at different rates, times, and placement.

(Average of 4 replications)

N applied 14 year IS u,
ann$a]}i] 1960 1961 1962 1963 1964 1965 1966 1967 1968 1969 1970 1971 1972 1973 average oa..e
in 1bs —
Ear corn yield in bushels per acre
’_&h_eck 49.5 88.2 26.1 132.6 J2-9 331 11.1 __53.4 102.4 92.8 85.7 40.8 75.6 69.2 ﬁ
40 l'slH,f,lrwIO:;,—f"pd'c 42.3 87.5 30.9 148.6 88.3 34.9 26.8 75.7 131.6 109.3 96.3 88.7 113.6 92.0 83.3ab
40 Urea - fpd 55.1 78.2 29.1 148.8 100.3 38.8 19.8 86.9 132.5 124.5 120.4 100.7 113.9 101.5 89.3bc
40 NH4NU3-fps3 49.0 96.7 29.6 140.1 101.5 45.6 24.3 75.1 135.2 124.6 122.5 B81.5 109.9 93.0 87.8bc
40 Urea - fps 62.2 _101.3 _37.0 _140.7 84.] 57.4 30.9 87.2 134.0 136.1 121.2 82.4 106.7 97.8 @\.4cd
F_BO NHaNO3-fpd 67.4 97.9 43.6 149.6 100.8 63.4 47.3 114.3 131.2 146.8 134.7 108.0 143.1 121.7 T05.07g 3
80 Urea - fpd 61.7 76.9 36.7 154.5104.9 73.0 37.8 117.2 142.6 144.3 141.4 107.8 140.1 117.9 104.0fq
160 NHgNOs-fpd 69.8 97.9 46.7 147.7 100.9 70.8 38.5 127.4 %maﬁg 158.7 1.7 120.2 147.6 121.0 109:.2¢g
160 Urea - fpd 79.4 112.5 43.5 152.8 112.4 73.5 37.7 121.3 49.9 161.0 140.4 110.6 151.7 114.9 111.5¢g
40 NH4N03-stdq 66.2 92.0 45.4 152.2 99.8 63.4 23.7 99.8 128.0 142.0 125.6 84.0 117.0 104.0 96.0cde o
40 Urea - std 45.4 91.1 31.4 147,86 100.6 59.8 33.8 95.00 140.5 143.4 118.9 94.6 116.5 97.1 94.0cde)'\©
80 NH4NO3-std 59.3 90.0 32.7 149.2 112.5 74.2 49.0 128.3 144.7 159.5 140.4 122.7 142.7 118.0 108.8g
80 Urea - std hr.7._.99.1 _40.5 149.3 115, 7 84.4 41.8 128.6 138.7 155.9 146.2 116.0 142.1 117.6 109.56q
40 NH4N03-sd5 63.6 92.6 39.5 148.6 90.4 54.8 38.6 96.8 133.4 142.3 127.1 104.5 136.0 99.1 97.7def
40 Urea - sd 57.7 95.6 24.9 142.3 94.1 48.4 50.4 86.1 132.2 143.3 117.7 100.5 133.9 103.9 95.lede
80 NH4NO3-sd 50.4 98.4 46.7 140.7 113.0 68.1 43.8 101.6 137.7 140.3 127.7 97.6 124.7 109.4 100.0ef
80 Urea - sd 76.9 86.4 48.2 143.8 121.4 64.7 47.3 117.0 146.9 166.2 140.5 124.4 149.8 124.0 111.3g
160 NH4NO3-sd 40.7 97.4 77.7 151.7 109.5 77.6 51.4 120.2 141.5 148.3 136.9 104.2 150.0 117.1 109.99
Ave. annual corn
yield in bu/a 8.6 "™@3.3" 39.4: 147.5 101.37 60.3 37.8 101.8 “135.7°140:9- 127.0: 99:4 128:6 = 92.4

e — E—

]The entire area received an additional 14 1bs N/A as starter fertilizer annually (8-24-12 @ 175 #/A)

2fpd -- fall plow down

3

fps -- fall plow surface

4std-- spring topdress S

sd -- sidedress
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LIME PLOTS, LAMBERTON, 1972~ 73

J. Grava, W.W. Nelson, D.S. Fairchild

A field experiment was established in 1965 to study the effects of liming
on crop yields, chemical composition of plant tissue, and chemical
properties of soils. The crops grown were: (a) Vernal alfalfa in series
four, and (b) in series five, corn (1966, 1968, 1970, 1972) and soybeans
(1967, 1969, 1971) in a sequence. Data on crop yields, soil and plant
analyses were reported in the departmental '"Bluebooks."

Since this experiment was discontinued in 1973, soil samples were collected
from the alfalfa series in August of 1972 and from the corn-soybean

series in October of 1973. The effect of various dolomitic limestone
applications on soil pH is shown in Tables 1 and 2. Table 1 shows that
limestone applied as a split application on alfalfa increased the soil

pH in the 0-9 inch depth from an initial level of 5.9 to 6.3 and 6.8

with a total of 7 and 16 tons/A. Soil pH's were increased from 6.2 to

6.6 and 7.0 with 0.6 and 12 tons limestone per acre applied to the corn-
soybean series (Table 2).

Data reported in Table 3 and 4 show no consistent interaction between soil
test levels of phosphorus and potassium and varying limestone treatments.

Table 1. Effect of liming on soil pH, alfalfa area (series 4), Lamberton,

1972.

Depth Lime Treatment
Inches Tons/Acre

0 7% 16%%
0-3 5.9 6.3 6.9
3"'6 5‘7 604 6.8
6-9 5.9 6.3 6.6
9"12 6'1 602 6o4
12-18 6.5 6.5 6.4

* 3 tons/A applied in fall of 1965 and 4 tons/A applied in spring of 1968.

*% 6 tons/A applied in fall of 1965 and 10 tons/A applied in spring of 1968.

L]
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Table 2. Effect of liming on soil pH, corn-soybean area Lamberton, 1973.

Depth Lime Treatments
Inches Tons/Acre
0 6% 12%
soil pH
0-9 602 606 7:0
9-12 6.6 6.7 6.9
12-18 7.2° 6.9 7.1

*
3 or 6 tons/A applied in fall of 1965 and again in spring of 1968.

Table 3. Phosphorus and potassium soil tests, alfalfa area, Lamberton
lime plots, 1972.

Lime rate, Tons/Acre

Depth- - 0 7 16 0 7 16

Inches Extractable P pp 2 m Exchangeable K, pp 2 m
0-3 55 44 50 350 270 330
3-6 52 62 45 240 240 240
6-9 23 25 19 240 240 260
9~12 11 5 6 250 240 240

12-18 5 3 3 230 230 220
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Table 4. Phosphorus and potassium soil test, corn-soybean area,
Lamberton lime plots, 1973.

Depth Lime rates tons/acre Lime rates tons/acre
inches 0 6 12 0 6 12
Extractable P, pp 2 m Exchangeable K, pp 2 m
0-9 59 54 56 332 338 344
9~-12 20 22 11 272 274 270
12-18 4 6 3 254 228 264

aenedl amthy &

(Al

&

-
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SOIL FERTILITY MATERIALS
G. D. Holoomb, W, W. Nelson and C., J. Overdahl

In 1971, field trials were established at the Southwest Experiment Station
to compare conventional fertilizer with three other soil fertility materials.,
The products selected were:

Wonder Life: An inorganic soil conditioner., Examples of other products which
may be considered in this grouping include Planters, Nu-Age, life for the
Soil, and Procal,

Shur-Gro: A specialty fertilizer labeled as an organic soil builder. Other
products which may be considered in this grouping of organic soil conditiocners
and/or specialty fertilizers include Super-Gro, Bio-Act, Fertilaid, and
Fertidyne .

Na-Churs: 4 liquid fertilizer advertised for application with the seed, on the
orop foliage and for deep placement, Examples of other products are Pure
and Westroo.

The initial soil tests showed a medium level of organic matter and a low phos-
phorus level., The potassium level was medium to high.,

All treatments were replicated four times with and without broadoast applications
of phosphate and potash. This provides camparisons under medium to high as well
as under low soil phosphorus conditions. Each year, all plots received herbi-
oides and two cultivations,.

TREATMENTS APPLIED PER ACRE FOR CORN.

l, Check.

2. Na-Churs 9-18-9: Seed plus
1971 and '72--4 gal. with seed plus L gal. on foliage (2 applications
at 2 gal, rate). U5 lbs. (42 1bs. in 1971) nitrogen, preplant.
1973-- 3 3/h gal. with seed plus 5 gal. placed deep, both at planting.
95 1bs. N preplant.

3. Na-Churs 9-18-9: Seed
1971 & '72--Same treatments as listed for Number 2 except no foliage
application. 1973-- 3 3/ gal. with seed. 85 1lbs. N preplant.

b, Wonder Iife: 1971 & 1972--250 lbs. broadcast before planting. 1973--150
1bs, with planter. No pesticide applied.

S5¢ Shur<Gro 6-2-1: 300 lbs. broadcast with establishment of plots. 200 lbs.
each year with planter. No pesticide applied.

6. Conventional fertilizer: 1971 & '72--180 lbs. 8-24~12 with planter., 1973--
125 1bs, 8-24-12 with planter. 100 lbs. nitrogen, preplant each year.
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Corn yield, percent moisture at harvest and percent protein content of the
grain are shown in the following tables,

Table 1. Bushels of corn per acre at 15%F moisture

Check

Na~Churs: Seed Plus
Na-Churs: Seed
Wonder Life
‘Shur-Gro |

Conventional Fertilizer

No Broadcast

64
76
79
L9
53
83

80 7k
93 85
10k 80
h 6k
89 61
9% 92

L7 1972 W13 Ave.

73
85
87
63
68
90

Table 2., Moisture Percent of Grain at Harvest

No Broadecast

: 0+90+45 Broadeast (71872)
t 1971 1972 1973 Ave.

t: 71 8 92 83
: 79 109 99 96
: 78 1k 98 97
: 39 13 1% 63
b5 99 75 73
93 110 103 102

: 0+90+45 Broadeast (71€72)

1971 1972 1973 Ave. 1 1971 1972 1973 Ave,
Check 1.0 31.4 37.2 36.6 : 38.5 29.7 32.9 33.7
Na~Churs: Seed Plus 38.7 29.h 31.8 33.3 : 36.4 29.5 30.7 32.2
Na-Churs: Seed 39.6 28.8 30.9 33.1 : 36.6 28.9 29,9 31.8
Wonder Life 11,6 30.6 38.2 36.8 : 39.9 29.8 36.7 35.5
Shur-Gro h2.9 30,0 39.1 37.3 : 38,3 29,5 37.4 35.1
Conventional Fertilizer 37.7 30,0 29,4 32.h 1 35.2 29.2 31.0 31.8
Table 3. Protein Percent of Corn Grain
No Broadeast : 0+90+h5 Broadcast (71672)
1 1972 1973 Ave. : 1971 1972 1973 Ave.
Check Tt 9.0 767 7499 ¢t 7.6 8.3 Tk 7.7
Na-Churs: Seed Plus 9.3 8.7 10,3 9.k : 8.6 9.5 104 9.50
Na-Churs: Seed 9.1 9.3 9. 9.28 : 8.3 9.0 10.2 9,15
Wonder Life 7.8 8.8 7.9 8.2013 6.7 8.1 7.3 7.36
Shur-Gro 7.6 8.9 B3 8.26:6.6 8.6 6.8 7.32
Conventional Fertilizer 10.1 9,5 10.2 9.95 :10.1 9.4 10.5 10,00

- o oommestih A o
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TREATMENTS AND YIELD RESULTS FOR SOYBEANS

Trials with soybeans were commenced in 1972 on the site of the 1971 plots.
Corn and soybeans are belng rotated on two sets of plots. The treatments are:

l. Check
2. Na-Churs 3-18-18: Seed plus
1971 - 2 gal. in contact with seed plus 2 gal. on foliage.
1972 - 3 gal, in contact with seed.
3. Na-Churs 3-18-18: Seed
1971 - 2 gal. in contact with seed
1972 - 2 gal. in contact with seed
L. Wonder Life: 150 lbs. applied each year with planter. No herbicide applied.

5. Shur-Gro 0-1-7: 150 1lbs, applisd each year with planter. No herbicide
applied., '

6. Residual from conventional fertilizer: No fertilizer was applied for soy-
beans. Applications to corn in 1971 and 1972 are described under treat-
ments for com. Herbicide applied.

Table lj, Bushels per Acre, Soybeans, Lamberton,

No Broadcast 0+90+45 Broadeast (1972 & 1973)
Check 2h 30 27 : 28 31 30
Na~Churs: Seed plus 28 30 29 : 30 31 30
Na-Churs: Seed 29 30 30 : 29 32 31
Wonder Life 25 29 27 t 28 28 28
Shur-Gro 25 30 27 : 29 28 29

Residual (Conv, Fert.) 29 32 30 : 28 33 30
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NUTRIENT MOVEMENT PLOTS
SOUTHWEST EXPERIMENT STATION, LAMBERTON, MINN.

Robert Gast and Wallace Nelson

Plans were developed and the first eight of a total of 16 nutrient
movements plots were installed on the Southwest Experiment Station
during August-September, 1972. Plots 9-12 were installed during
July and August, 1973 with installation of plots 13-18 being delayed
until performance of the first 12 plots can be evaluated. Treatments
for the various plots are as follows:

Plot No
Treatment I II IIT
0# N 4 8 9
100# N 1 6 10
200# N 3 7 12
400# N 2 5 N
True Check 13 16 17
Organic 200# N 14 | 15 18

The plots, which are 45 x 50 ft. in size, were isolated to a depth of
six ft. by trenching and installation of heavy gauge plastic. Tile
lines run parallel along the 45 ft. width of each plot providing for
drainage conditions representative of 90-95 ft. tile spacing. Tile
lines from each of two plots are extended to a vertically positioned
metal culvert where flow rates can be measured and tile drainage samples
collected for analysis.

The plots provide a facility for studying water, salt and plant nutrient
balance, movement and loss through tile drainage under carefully controlled
conditions. Several such studies are planned involving investigators

from the Southwest Experiment Station, the Department of Soil Science and
the ARS Laboratory at Morris, Minnesota.

The first treatments, which are for continuous corn, were applied May
9, 1972 on all plots, including plots 13-18 yet to be installed. The
tile drains for plots 1-8 flow during the period between April 12 through
June 25, 1973. Flow rates_were determined and samples were collected
and analyzed for NO.-N, C1 , SO,-S and PO,-P. The available results must
be considered preliainary and tﬁerefore a#e not given in detail here.
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While there was some variation between plots, the NO.,-N concentrations
were in the range of 20 ppm when the tile first begaﬁ to flow and
decreased to about 10 ppm by June 25, 1973 when flow stopped. The

tile did not flow during the remainder of 1973. Chloride concentrations
were in the range of 2-4 ppm, S0,-S ranged from 20-80 ppm and PO,-P
ranged from <.001 to .003 ppm. ﬂven though NO,-N concentration.were

in excess of 10 ppm during the period of flow ?April-June, 1973),

total N loss was only about five 1bs per acre during this period due to
relatively low tile flow rates.
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TILLAGE FOR SOYBEANS - LAMBERTON, 1973
W.W. Nelson

The basic tillage trial for soybean production initiated in the fall

of 1971 on a tiled Nicollet Webster soil. The crop prior to soybean
production was corn and the stalks were chopped. Treatments were

fall plow, fall chisel, spring disc and spring chisel. After the
treatments were completed and just prior to planting, all treatments
are tandem disked again. Soybeans are grown and a broadcast application
of Amiben is applied. The experiment in 1973 was replicated four

times.

Soybean Tillage

Primary tillage Bu/A
Fall plow 32.0
Fall chisel 30.9
Spring chisel | 32.3
Spring disc 30.2
LSD 5% N.S.

No difference in growth or weed control was evident during the season.
Yields were obtained using a 4-row combine, and all plots were in
30-inch. Planting was accomplished using a standard 6-row 30-inch
planter.

—_ e e .
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WEATHER SUMMARY - 1973

WEST CENTRAL EXPERIMENT STATION - MORRIS

Precipitation Air Temperature Soil (10 cm)
84-yr. Dev. 84-yr. Dev. Temperature
Month Period 1973 av. from av. 1973 av. from av. 1973 6-yr. av.
February 1-28 47 .65 - .18 17.1 12.8 +4.3 27.9 25.5
March 1-31 1.81 1.04 + .77 36.4 26.8 +9.6 35.1 30.3
April 1-10 .07 .60 - .53 39.0 38.3 +0.7 40.9
11-20 .78 .63 + .15 45.7 44.3 +1.4 44.1
21—30 ‘24 1010 - -86 43-7 48-4 _4-7 4708
Total or Av. 1.09 2.33 -1.24 42.8 43.7 -0.9 44.4  41.4
May 1-10 1.24 .81 + .43 51.8 52.1 -0.3 51.0
11-20 04 1.01 - .97 52.3 55.6 -3.3 56.6
21-31 2.52 1,18 +1.34 59.6 60.0 -0.4 61.0
Total or Av. 3.80 3.00 + .80 54.6 56.0 ~1.4 56.3 56.0
June 1-10 44 1,34 - .90 68.1 62.9 +5.2 71.4
11-20 -19 1-16 - 097 6803 6606 +1-7 75.2
21-30 .35 1l.41 -~1.06 65.8 68.2 -2.4 73.7
Total or Av. .98 3,91 -2.93 67.4 65.9 +1.5 73.4 69.6
July 1-10 .98 1.57 - .59 73.4 69.9 +3.5 78.2
11-20 1.00 1.06 - .06 70.0 71.4 -1.4 78.0
21-31 3.57 94 42.63 66.6 71.7 -5.1 72.1
Total or Av. 5.55 3.57 +1.98 69.9 71.0 -1.1 76.0 75.0
August 1-10 .79 1.10 - .31 71.2 70.6 +0.6 76.4
11-20 .31 .91 - .60 71.8 69.1 +2.7 78.6
21-31 066 -96 - 030 7005 66.8 +3-7 7205
Total or Av. 1.76 2.97 =1.21 71.2 68.8 +2.4 75.7 74.7
Septenmber 1-30 2.26 2.26 0 56.7 59.3 -2.6 61.1 61.9
October 1-31 1.79 1.52 + .27 51.4 47.5 +3.9 53.2 48.3
November 1-30 .95 .88 + .07 30.9 29.9 +1.0 33.5 34.3
December 1-31 .63 .69 - .06 12.5 15.8 -3.3 23.2 26.5
April-August
January-December
Annual 21.26 23.47 -~2.21 43.7 42,2 +1.5 49.1 47.4
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CONTINUOUS CORN SILAGE
West Central Experiment Station - Morris

Samuel D. Evans

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 + Py0g + K0) and 148 + 96 + 96. All plots
received a broadcast application of 10 1bs./acre of zinc as zinc
sulfate in the fall of 1965.

In 1973 the variety used was Pioneer 3932. Furadan was applied at
1 1b./acre (active ingredient) at planting on May 4. Lasso at

2 1/2 1bs./acre was applied broadcast on May 7. :Silage yields were
taken on September 14 and grain yields on October 3.

Silage yields - Dry matter; tons/acre.

A. On plots harvested as grain 1965-73:

1973 Yield 1966-73 Yield

Low fertility (74 + 48 + 48) 6.19 5.40
High fertility (148 + 96 + 96) 7.00 5.83

B. On plots harvested as silage 1965~73:

Low fertility (74 + 48 + 48) 6.45 5.49
High fertility (148 + 96 + 96) 6.78 5.90

Grain yields - Bushels/acre @ 15.5% moisture.
On plots harvested as grain 1965-73:

1973 1965-73
Low fertility (74 + 48 + 48) 116.96 88.81
High fertility (148 + 96 + 96) 132.90 96.08

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

1973 1966-73 Average
Grain (0 + 0 + 0) 65.10 Bu/A 56.82 Bu/A
Silage (0 + 0 + 0) 4.64 tons/A 4.03 tons/A

DISCUSSION

A. In 1973 silage yields were increased by fertilization on areas that
had been harvested for grain and for silage for 8 years. There was
no significant reduction in yield due to growing continuous corn
silage. Grain yields were also increased slightly with additional
fertilizer. Yields on the check plots were substantially lower than

on fertilized plots.

B. The 8-year average yields again show no reduction in silage yields
from growing continuous corn silage and show a response to additional

fertilizer.
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FERTILIZER MATERIALS PLOTS
West Central Experiment Station — Morris

S. D. Evans, 0. Gunderson, G. Holcomb, and C. Overdahl

EXPERIMENT 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 consiting 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 P05
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 1973 individual treatments are
described in Table 1. Ten pounds/acre of zinc as zinc sulfate was
broadcast over the entire area in the fall of 1971.

1973 OPERATIONS

On April 27 soil samples were taken to an 8-inch depth in each plot and
the samples from all reps were combined. The results of these tests
are in Table 2, The broadcast fertilizer treatments were applied

May 14. Treatments 2 and 3 were planted with a planter from the
Lamberton Station on May 16 and the remainder of the treatments on

May 17 with the 2-row planter from the Morris Station. The hybrid
used was Pioneer 3956A. Lasso was applied to the appropriate plots on
May 19. The plots were harvested on October 22, Soil samples were
taken again in each plot to an 8-inch depth.

LEAF ANALYSIS RESULTS

The broadcast phosphorus significantly decreased the content of N and
Zn in the leaves at silking and significantly increased the P, Ca, Mg,
and B contents of the leaves (Table 3). The 10 individual fertilizer
treatments brought about changes in many of the elements. Those sig-
nificantly affected were N, P, Ca, Mg, Cu, Mn, B, Al, Fe, and Zn
(Table 4). Many elements were also significantly affected by the
interaction between the broadcast and individual row treatments.

PLANT MEASUREMENTS

The broadcast phosphorus did not significantly affect any of the general
plant measurements including yield. On the other hand, the different
fertilizer materials significantly affected most of the plant measure-
ments made in 1973 (Table 5).
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Plant height in late June was the greatest on treatments 2, 3, 6,
9, and 10, or those where substantial amounts of nitrogen were
applied. These included the Nachurs, conventional, conventional
liquid, and the high rate of conventional fertilizer.

Pollen shed and silking - Dates of these events occurred earliest
on the same treatments as in A. above.

Broken stalks at harvest - The only treatment which was signifi-
cantly higher was the high rate of conventional fertilizer; 14.2%
vs 5.8%7 with the regular conventional fertilizer.

Stalks root lodged - Treatments 4 and 5, Wonderlife and Shurgro
without pesticides, were much higher showing primarily the effect
of corn rootworms.

Plant height at maturity - Again the tallest plants were on the
same treatments as in A. above.

Ear size and/or shape - Treatments 1, 4, 5, and 7 produced a lot
of small ears which were misshapen and unfilled.

Ear moisture at harvest - There was no significant effect of any
of the fertilizer materials.

Yield - The highest yielding treatments were Nachurs, conventional,
conventional liquid, and the high rate of conventional fertilizer.
Intermediate ini yield were the check, and Wonderlife and Shurgro
with pesticides. Lowest in yield were the Wonderlife and Shurgro
without pesticides.

Percent protein in the grain - There were significant effects of
the materials on percent protein with Nachurs, conventional, con-
ventional liquid, and the high rate of conventional fertilizer
being over 107 protein.
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1

Description

Treatment
1
2

10

te

Check (0 + 0 + 0 total applied).

This set of plots received Nachurs seed plus foliar applications
in 1971 and 1972. 1In 1973 these plots were treated with the same
materials as Treatment 3 and are not included in the Treatment 3
averages (98 + 7 + 3 total applied).

Nachurs liquid 9—18—92: Seed placement only; 3 3/4 gal/A with the
seed at planting; 95 1bs/A of N as ammonium nitrate broadcast
before planting (98 + 7 + 3 total applied).

Wonderlife (soil conditioner): 150 1lbs/A with the planter
(0O + 0 + 0 total applied).

Shurgro (organic fertilizer 6-2-1): 200 1lbs/A with the planter
(12 + 4 + 2 total applied).

Conventional fertilizer: 80 1lbs/A of N as ammonium nitrate
broadcast before planting plus 111 1lbs/A of 9-36-18 with the
planter (90 + 40 + 20 total applied).

Wonderlife (soil conditioner) plus pesticides: Same as Treat-
ment 4 plus insecticide and herbicide (0 + 0 + 0 total applied).

Shurgro (organic fertilizer 6-2-1) plus pesticides: Same as
Treatment 5 plus insecticide and herbicide (12 + 4 + 2 total

applied).

Conventional liquid 7-21-7: Seed placement only; 4 gal/A with
seed at planting; 95 1bs/A of N as ammonium nitrate broadcast
before planting (98 + 9 + 3 total applied).

High rate of conventional fertilizer: Same as Treatment 6
except an additional 100 1bs/A of N and 100 1bs/A of K,0 broadcast

before planting (190 + 40 + 120 total applied).

1 A11 treatments were treated with Furadan @ 1 1b/A and Lasso (Broadcast)
. @ 2 1/2 1bs/A except 4 and 5.

2 Also contained sulfur, iron, and zinc.
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Table 2. Soil Test Results, Spring 1973.

Treatment No Broadcast Broadcast
pl K P K
Organic Phosphorus Potassium Organic Phosphorus Potassium
pH Matter (1bs/A) (1bs/A) pH Matter _ (1lbs/A) (1bs/A)

1 7.9 M 8(20) 320 7.9 H 7(18) 270
2 7.9 H 11(20) 320 7.5 H 9(18) 260
3 7.9 H 5(10) 250 8.0 H 4(8) 250
4 7.8 H 7(13) 270 7.9 H 9(15) 270
5 7.7 H 5(8) 260 7.6 H 13(18) 290
6 7.9 H 4(5) 230 7.8 H 29(48) 280
7 8.0 H 4(8) 240 8.0 H 11(23) 250
8 - 7.8 H 5(5) 280 7.5 H 11(15) 270
9 7.9 H 6(10) 270 7.6 H 12(23) 250

10 8.0 H 8(15) 270 7.9 H 13(23) 280

i First value is for a Bray P; test 1:10, soil:solution ratio; the figure in
parenthesis is for a Bray Py test 1:50, soil:solution ratio.

Fal
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Table 3. Effect of Broadcast Phosphorus on Plant Measurements.

No P
Broadcast Broadcast Significance1

Extended leaf height (June 29), in. 33.7 34.1 NS
Date 50% plants shedding pollen 7-23 7-23 NS
Date 50% plants silked 7-26 . 7-27 NS
Leaf Analysis (at silking):

N, % 2.37 2.26

P, % .237 .293

K, % 1.95 1.88 NS

Ca, % .721 JJ72

Mg, % . 766 .810

Na, 7% . 307 . 344 NS

Cu, ppm 12.9 11.8 NS

Mn, ppm 91 92 NS

B, ppm 5.8 6.1 *k

Al, ppm 97.0 99.6 NS

Fe, ppm 198 196 ’ NS

Zn, ppm 33.2 27.4 &%
Harvest measurements:

Number plants/acre 16,019 15,758 NS

Broken stalks, % 4.3 4.8 NS

Stalks root lodged, % 7.0 8.4 NS

Height to base of tassel, in. 73.3 71.6 NS

Ears normal in size and/or shape, % 77 73 NS

Ear molsture at harvest, % 22.8 22.3 NS

Yield in bu/A @ 15.5% moisture 82.8 85.5 NS

Protein in corn grain, % 8.9 8.8 NS

LY

1 Significance: #** = 997 level; * = 95% level; + = 90% level; NS = not signifi-
cant at the 90% level.
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Table 4.

Effect of Fertilizer Materials on Leaf Analysis (Leaves Sampled at Silking).

Treatment N P K Ca Mg Na Cu Mn B Al Fe Zn
ppm
1 1.89 .223 2,21 .629 .664 .320 7.9 59 5.7 113.2 201 26.8
2 2.61 .285 2.05 .802 .836 . 294 15.5 116 6.1 89.2 203 32.4
3 2.78 .269 1.88 .794 .818 .321 19.4 118 5.5 90.4 202 35.5
4 1.28 .252 1.90 .584 .622 .358 4.2 40 5.6 97.2 166 25.3
5 1.46 .218 1.80 .638 .672 .322 8.8 44 5.8 99.6 169 26.6
6 3.10 . 300 1.61 .830 .972 .355 15.8 131 6.4 85.1 195 29.1
7 2.05 .253 1.93 .761 . 765 .339 9.1 78 5.8 129.4 227 29.8
8 2.19 .249 1.94 .833 .760 .272 13.2 81 5.4 114.2 214 31.2
9 2,78 .290 1.62 .853 .952 .307 14.7 114 6.1 90.4 203 31.0
10 3.02 . 312 2.26 .743 .823 «370 14.8 133 6.7 74.2 192 35.1
Significance *% *% NS % *k NS #% *k *% *k *k K%
BLSD! .10 .31 .025 - - .068  .127 - - 3.7 16 .5 11.8 16 4.0
.05 .37 .029 - - .080 .153 - - 4.4 18 .6 13.8 19 4.8
.01 .49 .038 - - .106 .207° - - 5.9 24 .9 18.4 26 6.5
Significance of
Interaction NS *k *k *k + NS *k + NS NS NS NS

1 Bayes LSD

A e
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Table 5. Effect of Fertilizer Materials on Plant Measurements.

Ears Ear
Extended Date 50% Stalks Height Normal Moisture Yield in Protein
Leaf Ht. Plants Date 507 Number Broken Root to Base in Size at bu/A in Corn
June 29 Shedding Plants Plants/ Stalks Lodged of Tassel and/or Harvest @ 15.5% Grain
Treatment inches Pollen Silked Acre % Z inches  Shape,% % Moisture %
1 32.2 7-23.8 7-27.9 16281 3.0 1.3 69.6 80 23.8 69.6 7.1
2 39.0 7-19.0 7-23.2 15464 3.9 0.0 77.2 94 22.2 118.2 10.5
3 35.9 7-19.5 7-23.8 15518 4.2 0.4 78.4 95 22.3 110.9 i0.1
4 26.9 7-29.4 8-2.9 15736 2.2 39.3 59.0 15 23.5 26.1 6.9
5 26.8 7-28.4 8-2.9 16226 1.3 30.2 60.2 13 21.8 26.4 6.9
6 36.3 7-19.5 7-23.5 16008 5.8 0.7 78.5 921 22.1 119.6 10.6
7 30.2 7-24.9  7-28.5 15573 3.7 2.9 67.2 73 24.7 61.5 7.3
8 33.7 7-21.8 7-25.2 16172 2.4 1.4 73.4 94 22.7 79.3 7.8
9 37.5 7-19.5 7-23.5 15736 4.8 0.0 78.2 96 20.7 113.1 10.5
10 35.4 7-20.2 7-24.0 16172 14.2 0.7 82.6 97 21.5 116.7 10.6
Signi ficance: &% F3 3 %% NS **% *% *%k %*¥k NS i X%
BLspl .10 3.1 1.3 1.4 - - 3.6 14.1 3.9 10 -- 7.1 . 1.6
.05 3.6 1.5 1.7 - - 4.2 16.6 4.5 12 - - 8.3 1.9
.01 4.8 2.0 2.2 -- 5.6 22.3 6.0 15 - - 10.9 2.5
Significance of
Interaction NS *% dek %k NS NS NS NS NS + NS

1 Bayes LSD

(8
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PHOSPHORUS FERTILIZATION OF CONTINUOUS CORN
West Central Experiment Station - Morris

Samuel D. Evans

GENERAL DESCRIPTION

A phosphorus fertilization experiment in 1965 on continuous corn was set
up on Forman clay loam to determine (1) the interaction of row and broad-
cast levels of phosphorus on corn yeilds, and (2) the effect of high rates
of phosphorus on the zinc content of corn leaves on corn yields.

1973 YIELDS

The plots were planted to Pioneer 3956A on May 18, 1973. All plots had
received 110 1bs./acre of N in the fall of 1972. Starter was applied

to all plots to provide 10 + 0 + 20 (N + P05 + K90). The 1973 yields
shown in Table 1 show significant effects of broadcast P, row fertilizer,
and the interaction of the two. There was a significant reduction in
yvields with the added broadcast P. This was particularly apparent at

30 P and 45 P. Row P fertilizer brought about a reduction in yield.

EARLY PLANT SAMPLES

Ten plants were collected from all plots on June 20, 1973, The samples
were thoroughly dried before submitting for analysis. The results are
summarized in Table 2. The phosphorus level in the plants was increased
with higher levels of phosphorus and decreased by the addition of zinc.
There was a slight effect of the treatments on magnesium content. Zinc
content of the plants was lowered by the addition of row P and increased
by the addition of zinc. There were also slight effects of the row
treatments on copper, manganese, and boron.

LEAF SAMPLES AT SILKING

Ten leaves were collected from each plot at silking. The results in
Table 3 again show significant effects on phosphorus and zinc. 1Iron

and copper were affected by row treatments, but the effects were small.
The manganese content of the leaves was increased by row P and decreased
by the row zinc.

SOIL TESTS

The plots were thoroughly sampled in the fall of 1973. The soil test
phosphorus levels in the plow layer are given in Table 4. The plots
which received 90 P/year (45 P row + 45 P broadcast) each year since
1965 were sampled to a depth of 5 feet. High test levels show up in
only the top foot (Table 5). The soil test zinc levels for 3 reps are
given in Table 6.
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Yield in Bu/Ac at 15.5% Moisture - 1973.

Row Fertilizer

- 1bs/Ac -
0
15 P
30P
45 P
45 P + 10 Zn

Average

45 P Broadcast

No Broadcast (1bs/Ac)
-~ Bu/Ac -
111.5 109.4
106.6 109.9
115.5 105.8
107.8 98.4
101.7 109.8
108.6 106.6
Variable Level of Significance
Broadcast P **
Row Fertilizer +
Interaction %

Bayes LSD for Row Fertilizer Means

10 - 5.7

Average

110.4
108.2
110.6
103.2

105.8
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Table 2. Analysis of Whole Plants - 1973.

P

Treatment K _~" Ca Mg Fe Zn Cu Mn B
— % ppm

0 .544 4.71 .50 .43 280 47.0 132 75 8.5

15 P .573 4. 75 .48 .42 290 31.5 g.5 68 8.1
30°P .598 4.84 .50 42 291 34.2 9.5 74 8.0
45 P .641 4.95 «53 .44 286 34.6 9.1 80 8.9
45 P + 10 Z .588 4.75 .50 .38 257 3.2 7S 63 8.6
Level of signif.l ik NS NS + NS Kk + + 4
BLSD? .10 .023 -- — .04 - 19.6 2.2 12 0.7
.05 .026 —— —= — — 23.0 - - —

.01 .035 - - - - 31,1 - - -

- Broadcast P .54 4.81 .49 41 269 49.8 9.6 73 8.5
+ Broadcast P .64 4.80 .52 43 293 38.4 9.3 71 8.4
Level of signif. & NS NS + NS NS NS NS NS
Interaction NS NS NS + ®HR NS NS NS NS

Level of signif.

1 significance:

2 Bayes LSD.

#% = 997 level; * = 957% level; + = 90% level; NS = not significant at the 907 level.

F e



Table 3. Analysis of Corn Leaves at Silking - 1973.

Treatment P K Ca Mg Fe Zn Cu Mn B
% ppm

0 .314 2.39 .60 .43 122 20.7 13.4 53 3.2

15 P .334 2.42 .59 .46 133 20.0 13.4 48 % j E
30 P . 367 2.40 .64 .48 137 16.7 14.5 56 3:3
45 P . 384 2.42 .62 .45 126 15.7 11.8 56 3.2
45 P+ 10 Z .318 2.49 .64 .43 122 37.4 1L.5 35 3.0
Level of signif.l *k NS NS NS * *k * Xk NS
BLSDZ .10 .016 - - - 10 2.4 1.9 6 -
.05 .018 - - - 1 2.8 L2 8 -

.01 .025 - - -- - < 8 - 10 -

- Broadcast P .32 2.49 .61 .43 126 25.4 1357 49 ek
+ Broadcast P -3 2.36 .63 47 130 18.8 121 50 3.3
Level of signif. *k *k NS * NS *xk NS NS NS
Interaction + NS NS NS NS NS NS + NS

Level of signif.

L6

1 significance: ** = 99% level; * = 957 level; + = 90% level; NS = not significant at the 90% level.

2 Bayes LSD.
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Bray P; test with a 1:10, soil:solution ratio.

Table 4. Soil Test Levels of Phosphorus1
Rep Rep Rep Rep Rep Rep
Row Fert. Broadcast P 1 2 3 4 5 6
0] 0 11(15) 22(30) 37 20 12(25) 60(120)
15 P 0 32(48) 41 47 47 36 46
30P 0 34(93) 73 73 63 38 47
45 P 0 146(240) 91 83 124 93 48
45 P + 10 2 0 72(128 102 120 122 72(120) 100
0 45 101(175) 78(130) 118 82 123 75(145)
15 45 121 103 104 100 95 90(170)
30 45 138(230) 139(270) 133 125 108 142
45 45 160 200+(340) 200 180 146 150
45 P + 10 Z 45 200+(360) 172 182 150 141 152
1 Bray Py test with a 1:10, soil:solution ratio. Values in parentheses are
gsamples where the pH was above 7.4 and are with a 1:50 soil:solution ratio.
Table 5. Soil Test Levels of Phosphorus1 on Plots that Received 90 1lbs./acre
of Phosphorus Each Year.
Depth
Increment Plot Plot Plot Plot Plot Plot
(ft.) 10 15 29 33 42 58
0-1/2 180 190 192 162 94 181
1/2 -1 133 22 120 63 70 168
1-2 9(5) 4(8) 6 5 8 6(23)
2-3 5(3) 1(5) 4(20) 4(30) 5(40) 4(10)
3-4 3(5) 1(15) 3(5) 6(15) 6(10) 4(5)
4~5 4(8) 1(15) 3(10) 4(50) 5(15) 4(15)
1 Values in parentheses are

samples where the pH was above 7.4 and are with a 1:50, soil:solution ratio.

-— e am oam B e



Table 6. Soil Test Levels of Zinc.
Row Broadcast Rep Rep Rep

Fertilizer P _1— _2_ _2_ Average
0 0 10.4 3.4 10.4 8.1
15 P 0 - - 5.3 5.3 5.3
3P 0 2.2 2.4 4.3 3.0
45 P 0 12.4 5.1 2.2 6.6
45 P + 10 2 0 24.0 20.8 22.4 22.4
0 45 5.7 1.3 1.2 2.7
15 P 45 1.8 2.2 4.2 2.7
3P 45 5.2 1.8 3.0 3.3
45 P 45 4.1 3.2 6.0 4.4
45 P + 10 Z 45 30.4 20.8 23.6 24.9
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ZINC FERTILIZATION OF CONTINUOUS CORN

West Central Experiment Station - Morris

Samuel D. Evans

GENERAL DESCRIPTION

In the spring of 1965 an experiment was initiated involving the use of
zinc fertilizer on continuous corn. The plots were set up on Forman
clay loam. Corn grown previously on this soil had not shown zinc
deficiency, even though leaf samples indicated the zinc content was
below 20 ppm zinc.

TREATMENT DESCRIPTION AND 1973 YIELDS

The individual treatments are described in Table 1. Yields in 1973 were
very good due to the favorable weather, but there was no significant
treatment effect.

EARLY PLANT SAMPLES

Ten whole plant samples were taken on June 20 in each plot. They were
dried before submitting for chemical analysis. The results are pre-
sented in Table 2. The phosphorus content of the plants was highest
where 45P had been broadcast each year. The lowest levels were where
20 1bs. of zinc as zinc sulfate was used in 1965 and where 10 lbs. of
zinc as zinc sulfate was used every year. There were small differences
in the content of potassium, but there was no definite pattern. Plant
content of zinc was directly related to the amount of zinc applied.
Even the rates applied in 1965 only were still showing an effect.

LEAF SAMPLES AT SILKING

Ten leaves were collected from each plot when the majority of the plots
were in silk. The results of the chemical analysis of these leaves is
given in Table 3. The phosphorus content was again highest on those
plots receiving 45P each year. There were some significant differences
in iron content but no definite pattern. The leaf content of zinc again
was closely related to amount of zinc applied.

SOIL TESTS

Ten soil samples of the plow layer were taken after harvest in the fall
of 1973. The phosphorus and zinc soil tests are presented in Tables 4

and 5.
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Treatment Descriptions and 1973 Yields.

Treatmentl (1bs. /acre)

1.
2.

3.

Check

5 1bs. zinc as zine sulfate
10 1bs. zinc as zinc sulfate
20 lbs. zinc as zinc sulfate
45 1bs. P broadcast

45 1lbs. P broadcast +
10 lbs. zinc as zinc sulfate

0.5 1bs. zinc as Zn chelate

10 1bs. zinc as zinc sulfate

When Applied

Yield in Bu/Ac
at 15.5% Moisture

1965

1965

1965
yearly

yearly
1965

yearly

yearly

116.1
109.3
111.7
116.0

110.8

109.8
107.8

114.9

111 plots received a uniform application of 110 1lbs. of N in the fall of
1972 and 125 1bs., of 8-32-16 starter.
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Table 2. Analysis of Whole Plants - 1973.

Treatment | K Ca Mg Fe Zn Cu Mn B
% ppm
Check .53 5.18 .50 .43 389 26.5 7.7 84 17.5
5 Zn .53 4,93 .51 .43 398 30.0 7.7 74 17.0
10 Zn .51 4.98 .49 4] 299 34.6 7.0 70 19.0
20 Zn .48 4.59 .52 .40 266 37.7 7.7 71 17.7
45 P .58 5.03 .54 .44 332 25.2 8.6 85 16.6
45 P + 10 Zn .55 4.77 .51 .43 290 32.1 7.5 72 16.2
1/2 chelate yearly .51 4.81 .51 .43 325 31.4 8.0 76 17.6
10 Zn yearly .50 4.76 .53 .42 305 72.0 7.5 67 21.0
Level of signif.l *% % NS NS NS **x NS NS NS
BLSDZ? .10 .029 .32 - - - 5.3 - -— -
.05 .033 .38 -— — - 6.2 —_ - —_—
.01 .047 - - - - 8.2 - - -
1l Significance: #*%* = 99% level; * = 95% level; + = 90% level; NS = not significant at the 90% level.
2 Bayes LSD.
Table 3. Analysis of Corn Leaves at Silking - 1973.
Treatment P K Ca Mg Fe Zn Cu Mn B
% ppm
Check .34 2.66 .63 .45 139 18.4 13.0 70 4.1
S Zn .34 2.48 .66 .46 148 23.0 14.8 69 3.6
10 Zn .33 2.56 .64 .46 149 24.1 13.0 68 4.0
20 Zn .32 2.30 .69 .48 139 27.4 14.8 65 3.4
45 P .40 2.52 .71 .48 157 15.5 13.6 83 3.8
45 P + 10 Zn .37 2.49 .74 .49 144 19.2 13.0 68 3.4
0.5 chelate yearly .34 2.47 .69 47 145 22.8 13.7 73 3.8
10 Zn yearly .32 2,39 .70 .47 138 45,2 13.5 58 3.8
Level of signif.l ki NS NS NS ® *k NS NS NS
BLSDZ .10 .015 - —_— _— 12 4.0 - - -
.05 .018 - -~ - 14 4.7 o - -
.01 .023 - - - - 6.2 - - -

1 significance: ** = 99% level; * = 957 level; + =

2 Bayes LSD.

90% level; NS = not significant at

the 907 level,
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Table 4. Soil Test Levels of Phosphorus1

Rep Rep Rep Rep Rep Rep
Treatment 1 2 3 4 5 6

~ lbs./acre -

Check 41 38 31 50 74 58(170)
5 Zn 42 35 29(60) 55 62 30
10 Zn 41 26 32(78) 70 47 27(78)
20 Zn 3 43(90) 21 43 37 23(60)
45 P 128 86 120 88(155) 77 86
45 P+ 10 2 127 90 130(210) 121 120