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SPRING 1988 SOIL MOISTURE SITUATION

Prepared by G.J, Spoden, Ass't, State Climatologlist, Dept, Natural Resources,
and D.L, Ruschy, R,R, Swerman and D.G. Baker, Soll Science Department, Univ, of MN

The generally very good crop season of 1987 was not the result of the 1987 precipitation, which was
below average In many areas, see Fig, 1, but rather can be attributed to the soll molisture reserves
remaining trom the wet autumn of 1986, Oue to the good crops and low 1987 rainfall amounts, the current
soll molsture reserves have been seriously depleted in many parts of the state, Thus the 1988 growing
season precipitation will assume a greater than usual Importance,

The soll molsture situation tor May 1, 1988, wii! aimost surely show a drastic change from that of
the recent past, For example, during the last 8-10 years Minnesota has been unusually wet, with many
areas recelving 120 - 130§ of thelr normal annual precipltation each year, The precipltation patterns
shown in Fig., 2 are for the departure of the 1982-1986 annual total precipitation from the 1951-1980
normal, The wet perlod that Fig, 2 11lustrates came to an abrupt end in late September, 1986, over many
parts of the state,

0f consequence to the recharge of lakes and streams (s what happens with respect to the hydrologic
yoar precipitation, the 12-month perlod October 1986 - September 1987, which Is shown in Fig, 3 as the
departure from normal, The precipltation in the southern two-thirds of the state was at least 4-Inches
betow normal, while In a large area In central and east-central Minnesota the precipitation was at least
8-Inches below normal. The only large area having above normal preciplitation occurred in the middle of
the northern part of the state, Within this area are a few small areas that received about 4-inches above
normal precipltation, The remalnder of this area is only just above normal,

The soll moisture cuttook for most of the northern part of the state can be characterized as normal
to somewhat above average, No problems are foreseen as long as 1988 precipltation Is near normal,.

Due to low soll molsture reserves the southern one-half of the state, with the general exception of
the extreme southeast, will be highly daependent upon spring and summer ralns, Their amount and timing
wiil be critical, The estimated amount of water that will be added to the solls between November 1, 1987
and Aprii 30, 1988 Is shown In Fig, 4, Except for the far north, the smaliest addition to soll molsture
reserves, about 2,0 - 2,5 In, will be added In the west contral and Red River Valley reglons, It Is In
west central Minnesota where the fall 1987 soll moisture reserves were generally the lowest,

The amounts shown in Fig, 4 Include the following sources of water: November ralns; 15§ of the
measured water content of December - February snows; 15§ of the normal March preciplitation (this article
Is prepared in February 1988 so estimates are required); and the April precipitation that Is expected with
a 508 probabliity,

Only 15% of the over-winter preclpltation enters the soll on the average, as most of It runs off
before the soils have thawed In early spring. The April precipltation amount was estimated to be the
medlan or 50¢ value of the historical total, There Is one chance In three that the April amount would be
about 0.75 in., 1.50 In., and 2,5 In, higher In the northwest, the conter, and the southern part of the
state, respoctively, There Is also one chance In three thet the Aprii rains will be lower by the same
amounts,

The November 1987 rains that occurred were generally sufficient to wet only the top 6-12 Inches of
the soll before the solls froze. As a result the subsolis in many aress remain extremely low In moisture,
And unti! the solls are completely thawed In the spring, the rains that occur will largeiy run off,

As most people realize, weather forecasts beyond a few days are most unrellable, Thus, no statement
can be made with any confidence about the 1988 season, It can be stated, however, that the wet period ot
about 8-10 years that we have experienced was most unusual and cannot be expected to continue, Thus, as a
result of the unusually low soll molsture reserves In some areas of the state, particularly the west
central and parts of the south-central and southwest, the spring and summer ralns will bo more critical
+han usual,
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FIGURE 1

ANNUAL PRECIPITATION FOR 1987
DEPARTURE from 1951-1980 NORMALS
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FIGURE 3

HYDROLOGIC YEAR PRECIPITATION
- OCTOBER 1986 through SEPTEMBER 1987
DEPARTURE from 1951-80 NORMALS

All values in inches
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FIGURE 4
POTENTIAL SOIL MOISTURE RECHARGE

NOVEMBER 1987 through APRIL 1988
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THE DENSITY OF FRESHLY FALLEN SNOW AND THE SNOWPACK

D.G. Baker, F.E. Westermeler, and D.L. Ruschy, Soll Sclence Dept,,
and D.B. Wall, Minnesota D.N.Re

In the course of modellIng soil frost depth and duration, 2 sorles of snow density measurements were
taken of both freshly failen snow and the snow that had accumulated, Some Interesting results were
obtalined which will be of Interest to those concerned with water supplies and the insulating value of
snow, It might also be of Interest to |ittle boys and girls who make snowbal |s and snowmen (snowwomen?).

The objectives are two-fold, One objective Is to determine how the density of snow varles with the
alr temperature at the time the snow falls, The second, and more Important objective, Is to find how the
snowpack denslity changes with time. The Initial density (that 1s, the water content) varles with the
atmospheric temperature at the time of the snowfall, Upon reaching the earth's surface a change or
motamorphoslis In the crystalline structure of the snow begins, The rate of this change (or metamorphosis)
Is primarily a function of the temperature and wind conditions during the tifo of the -snowpack.

Snow sampling devices not unlike large cookie cutters were constructed. The shallow-snow sampleor
measured 23 cm (9.1 In) on a slde and was 20 cm (8 In) deep. A larger one was made for deeper snow. Each
density measurement consisted of at least 3 subsamples, Freshly fallen snow was sampled as close to the
end of the snowfall as possible. No measurement was made more than 24 hours after the snowfall.

The first yoar, 1984-85, had |1ttle snow cover and did not result In many good measurements ot the
accumuiated snow., However, the 1985-86 winter was one of a deep and persistent snow cover which provided
excel lant opportunities for both the newly fallen snow and snowpack density measurements, The 1987-88
winter (still Incomplete as this Is written) has not been very satlisfactory In terms of fresh snow
denslities, However, It has been quite satisfactory In terms of the accumulated snow, since there have
been extended perlods of sufficlent snow depth and continulty to provide a marked metamcrphosis of the
snow structure,

In Fig. 1 It Is shown how the density of treshly fallen snow varies with the air temperature, The
least dense snow is assocliated with a temperature of about 10°F (-12°C), The density Increases with
temparatures that are both higher and lower than 10°F, Snow with the highest water content (maximum
density) s right at the freezing point., Almost every child knows this snow 15 the best to work with,.
For reasons that are not clear at this time the greatest varlabiiity In the density measurements
apparently occurs at about 21°F,

Snow density Is a function of the kind of snow crystals that are formed within particular temperature
ranges, Snow crystals that typlcally form at about 10°F (-12°C) have a fern-|lke dendritic structure and
make the fluffiest of snows,

The density of the snowpack during each of the three winters Is shown In Fig. 2. In general an
increase in the density occurs as the snow ages., However, density changes during any one seascn are qulte
irregular, since the deposition of new snow on aged snow wiil result In a temporary decrease In the
overal| density, But as the fresher smow undergoes a metamorphosis, along with the continuing one In the
underlying older snow, the entire snowpack Increases In density. As Indicated earller this change is due
to wind action and partial melting, Both change the physical structure., An additional factor s the
compression of the snowpack caused by successive snowfalls on the earl|ier deposits,

During the 3 years the mean change In density has been 300 kg/m> (14.4 ibs/ft3) over the 122 days
between Nov, 20 and March 22, At a density of about 14,4 lbs/f'r3 the snowpack Is no longer snow=like, but
I+ resembles a loosely packed plle of dry sheiled corn, For thls reason one observer calls snow in this
physical state "corn snow", At greater densities than this the snow no longer resombies snow but various
states of lce,

It Is our Intentlon to correlate the change in the snowpack density with melting degree days, or a
similar factor, In order to obtain a better predictor of the ageing process than simply the duration (In
days) of the snowpack.
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Fige 1. Density of fresh snows measured at St, Paul, 1984-85, 1985-86, and 1987-88. The curved |ine
represents the mean density for the indlcated tempsratures.
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Fige 2. The change In the density of the snowpack (accumulated snow) with time during the three vinters
of 1984-85, 1985-86, and 1987-88, The straight line Is the mean of the indicated measurements,
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MANAGEMENT OF UAN QN THE COARSE TEXTURED IRRIGATED
SOIL OF MINNESOTA FOR EFFICIENT OORN PRODUCTION
BECKER, MN 1987

G.L. Malzer and T. Graff

Nitrogen (N) fertilizer management decisions are major considerations that all producers must address.
These management decisions include many aspects of N fertilization including rates, forms, methods and
time of application, equipment, and additives. Although these factors are important for all com
producers, they become especially important for the producers on the coarse textured irrigated soils.
Since these soils are highly responsive to fertilizer N, and highly susceptible to N loss, poor mansgement
can result in significant yield reductions, reduced profits, and increased nitrate contawination of grond
water. The use of nitrification irhibitors in the management programs should also be considered as a
management tool to minimize the N loss and add flexibility to the overall N management program. Although
most nitrification irhibitors are applied with arhydrous ammonia, they can also be applied with other
fertilizer products such as urea, or urea-amonium nitrate solution (UAN). The objectives of these
experiments are to evaluate several aspects of UAN management including: timing of application, method of
application, split vs. single applications and the contribution of nitrification irhibitors in these
possible management conbinations.

Experimental Procedures

Two separate experiments were established at the Sand Plain Research Famm near Becker, Mimnesota in 1985
this is the third and final year of these experiments.

Experiment 1 consisted of 25 treatments with four replications arranged in a randomized complete block
design. Treatment variables included factorial cambinations of six N rates of UAN (100, 134, 168, 202,
235, and 269 kg/ha) and four methods of application (2/3 of N rate early 1/3 late, all late, 2/3 early
with DD 1/3 late, and 2/3 early with N-Serve 1/3 late), plus a zero N control. Early N treatments were
applied at the 4-5 leaf growth stage (May 28) while late applications were made at the 8-9 leaf growth
stage (June 11). All treatments were injected into the soil on 76 am centers approximately 8 cm deep and
18 cm away from the row. Nitrification irhibitors were mixed with the UAN prior to application and were
applied at rates of 7.84 kg/ha for DOD and 0.56 kg/ha a.i. for N-Serve.

Experiment 2 consisted of 19 treatments with four replications in a randomized complete block design.
Treatment variables included factorial canbinations of three rates of N as UAN (100, 168, and 235 kg/ha),
two methods of application (broadcast vs. injected), and two times of application (4-leaf and 8-leaf
growth stages). Nitrification irhibitor (DD and N-Serve similar to above) treatments were included to
provide comparisons for all injected N treatments at the four-leaf growth stage.

Experiment 1 and 2: Prior to planting, broadcast applications of potassium-magnesium-sulfate (336 kg/ha
0-0-22), and (280 kg/ha 0-14-42) were made and incorporated by plowing. Corn (Pioneer 3906 - 95 day
relative maturity) was planted on April 27th in 0.76 m rows at a population of 75,800 seeds/ha. Starter
fertilizer was applied at the rate of 185 kg/ha 8-10-30, side barded at planting. A tark mix of Atrazine
(2.24 kg/ha) and (Dual 1.68 kg/ha) was applied on April 30th for weed control.

Leaf samples from opposite and below the ear at mid-silking were dbtaired an July 13th, dried and analyzed
for N. Total matter production and grain yields were determined on September 15 and 16th by hand
harvesting 9.29 of plot area. Ears were separated fram the stalks, field weights cbtained, ard samples
removed for moisture and N determination. Grain yields were adjusted to 15.5% moisture.

The irrigation program was started on May 2nd and continued through August 25th with a total of 32.6 cm
being applied through irrigation. An additional 36.3 cm of water was obtained during the growing season
as rainfall.



General Results

The 1987 growing season provided excellent conditions for high yields. The distribution of precipitation
in 1987 could be characterized as being relatively dry during the months of May and June with no single
rainfall at any time during the growing season in excess of one inch., With this rainfall distribution
significant nitrate leaching would mot be expected to occur. Likewise, the inpacts of nityogen mansgement
techniques such as time of application, placement, and use of nitrification irhibitors would be expected
to have minimal influence on grain yleld and N utilization. The results of experiment 1 are presented in
tables 1 and 2 and experiment 2 are presented in tables 3 and 4.

Experiment 1 Yield increases in excess of 90 bu/A were associated with fertilizer nitrogen application.
The optimm rate of fertilizer N application was 150 lbs/A (168 kg/ha), similar to what was found in both
1985 and 1986. Time of N application (split vs. all late sidedressed) had no influence on grain yield,
but the all late N application did redxce stover yleld and total dry matter production by the crop.
Although time of N application did mot influence N concentration in the plant tissue it did result in a
reduced anmmt of N contained in the stover and a trend for reduced total N removal by the total crop.
The use of nitrification irhibitors had no influence on crop yleld, nitwgm caventmatios in the tissue,
or total N removal by the crop.

Experiment 2 The apparent optimm N rate in experiment 2 was similar to that obtained in experiment 1
(150 lbs/A). Nitrification irhibitors had no influence on grain yields, bt did increacse total dry metter
production and N concentration in the tissue. The result was an increase in N uptske by the crop. The
nitrification irhibitor DCD appeared to be more effective than N-Serve in this respect. Time of N
appnmdmhadmmﬂmmmgrdnyieEwlesuggwdng&ntmlyaeaslewsesm
minimal. Irﬂwmdappncadmomeknreasedgrdnyields.Ncammdmm&Bﬁmadom]lN
removal by the crop. Skne]aadﬂng]ossesappearedmmimm,ﬂudeaeasedefﬂciacyasswmbedwiﬂ\
&nbmadmsta;plimﬁmof&Nwﬂdbedamwladnzadm,kmaedimnbﬂimﬁmome&e
soil, or positional unavailsbility. Although it is not possible to differentiate these processes in this

mm.mmammmmammmrsmmmmm
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Teble 1. Influence of N-Rates, nitrification irhibitors and method of application on grain yield, and
dry matter production on irrigated corn Becker, MN 1987.

ZIreatments Grain Dry Matter Production
N-Rates Split1 Irh., Split 2 Meth, Yield Grain Stover Total
kg/ha kg/ha kg/ha ByA mt/ha = ---ce-e-q mt/ha---------
Control  ---- 9%.2 6.0 5.08 6.14 11.2

100 67 3% 1 171.7 10.8 9.09 8.36 17.45
100 100 2 168.6 10.6 8.94 7.97 16.91
13 %90 A 1 183.1 11.5 9.70 8.74 18.44
1% 1% 2 177.6 1.1 9.4 8.27 17.67
168 112 56 1 185.7 11.6 9.83 9.5 19.40
168 168 2 180.3 11.3 9.5  8.69 18.26
202 134 68 1 185.1 11.6 9.81 9.39 19.20
202 202 2 179.2 11.2 9.50 8.06 17.56
235 157 78 1 184.4 11.6 9.77 9.4 18.93
235 - -—-- 235 2 184.2 11.5 9.74  8.98 18.75
269 179 90 1 188.1 11.8 9.97 9,27 19.24
269 269 2 183.2 11.5 970 8.74 18.44
100 67 DCD 3% 3 176.4 11.1 9.3  8.65 17.99
100 67 NS 3% 4 171.8 10.8 9.09 8.15 17.27
13% 90 DCD A 3 175.2 11.2 930 9.09 18.39
134 90 NS A 4 184.4 11.6 9,30 8.89 18.88
168 112 DOD 56 3 181.7 1.4 9.77 9.27 18.52
168 112 NS 56 4 186.3 11.7 9.63 9.61 19.15
202 13% DCD 68 3 180.1 11.3 9.88 8,87 19.15
202 1% NS 68 4 181.6 11.4 9.5 9.3% 18.50
235 157 DCD 78 3 184.9 11.6 9.61 9.16 19.13
235 157 NS 78 4 183.1 11.5 9.79 9.16 18.88
269 179 DCD 90 3 188.6 11.8 9.70  9.30 19.29
269 179 N - % 4 184.4 11.6 9.99 9.16 19.22
P-Value 9 99 99 93 99
BLSD (.05) 2.1 0.7 0.62 1.28
Main Effects
Rates kg/ha
100 172.1 10.8 9,11 8.28 17.40
1% 180.1 11.3 9.5 8.73 18.3%
168 183.5 11.5 9.72  9.09 18.83
202 181.5 11.4 9.60 9.04 18.61
235 18.1 11.5 9.74 9.16 18.90
269 186.1 11.7 9.85 9.18 19.04
P-Value 9 99 99 99 99
BLSD (.05) 55 0.3 0.29 0.19 0.49
Methods  Early Late
1 2/3 1/3 183.0 11.5 9.69 9.07 18.77
2 3/3 178.9 11.2 9.58 8.4 17.9%
3 2/3+DD 1/3 181.2 11.3 9.58 9.13 18.74
4 23+N 173 181.9 11.4 9.69 9.00 18.63
P-value 67 67 67 99 99
BLSD (.05) 0.14 0.22
Rate X Method 4 4 3 4 13
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Table 2. Influence of N-Rates, nitrification irhibitors and method of application on leaf,grain, and
stover N content and total N removal by irrigated corn Becker, MN 1987.
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Table 3. Influence of N rates, nitrification irhibitors, method, and time of application on grain yield
and dry matter production on irrigated com Becker MN 1987.

Treatments Grain Dry Matter Productoin
N-Rate Method Irh. Time Yields Grain Stover Total u
kg/ha BuA mtha  ----ee- mt/ha---------
Control  ------ ---- - 90.7 5.7 4.79 6.25 10.74
100 Broadcast ---- 1 159.5 10.0 8.44 7.82 18.92
100 Broadcast ---- 2 164.9 10.3 8.74 7.77 19.57
100 Injected -—-- 1 175.4 11.0 9.30 8.51 20.82
100 Injected --ee 2 176.7 11.1 9.36 8.65 20.97
100 Injected DCD 1 178.9 11.2 9.48 8.58 21.22
100 Injected NS 1 172.8 10.8 9.14 8.42 20.47
168 Broadcast ---- 1 179.2 11.2 9.50 8.60 21,27
168 Broadcast ---- 2 181.8 1l.4 9.63 8.00 21.58
168 Injected ---- 1 185.2 1l.6 9.81 8.80 21.98
168 Injected - 2 181.4 1l1.4 9.61 7.59 21.53
168 Injected DCD 1 188.8 11.8 10.01 9.% 22.43
168 Injected NS 1l 189.5 11.9 10.04 9.43 22.48
235 Broadcast ——-- 1 179.8 11.3 9.52 8.65 21.32
235 Broadcast ---- 2 173.3 10.9 9.18 8.29 20.57
235 Injected -—— 1 191.4 12.0 10.15 9.43 22.73
235 Injected ---- 2 181.8 11.4 9.63 8.85 21.58
235 Injected DCD 1l 186.5 11.7 9.88 9.43 22.13
235 Injected NS 1 196.7 12.3 10.42 9.45 23.33
P-Value 99 99 99 99 99
BLSD (.05) 10.7 0.7 0.5 0.18 1.09
Factorial Arr. t ( N-Rate X T ito -
N-Rate
100 175.9 11.0 9.31 8.53 17.87
168 186.2 11.7 9.85 9.09 18.97 U
235 189.1 1.1.8 10.01 9.29 19.30
P-Value 99 99 99 99 99
BLSD (.05) 44 0.2 0.20 0.12 0.40
Inhibitor
None 182.0 1.1.4 9.63 8.84 18.48
DCD 184.4 11.6 9.78 9.11 18.90
N-Serve 186.3 11.7 9.87 9.11 18.99
P-Value 87 87 88 91 95
BLSD (.05) 0.09
N-Rate X Irhibitor 92 92 93 73 88
Factorial Arrangement (N-Rate X Method X Time)
N-Rate
100 169.1 10.6 8.96 8.19 17.15
168 181.9 11.4 9.63 8.55 18.18
235 181.6 1.l.4 9.60 8.80 18.43
P-Value 99 99 99 99 99
BLSD (.05) 5.2 0.3 0.26 0.35 0.56
Method
Broadcast 173.1 10.8 9.16 8.19 17.36
Injected 182.0 1l.4 9.63 8.48 18.48
P-Value 99 99 99 99 99
Time
Early 178.4 11.2 9.45 8.62 18.09
late 176.7 11.1 9.3 8.40 17.76
P-Value 56 56 58 89 83 U
Rate X Method 86 86 87 26 65
Rate X Time 88 88 87 63 82
Method X Time 68 68 68 46 11
Rate X Method X Time 5 5 4 46 15
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Table 4. Influence of N rates, nitrification irhibitors, method, and time of application on leaf,grain,
and stover N content and N removal by irrigated corn Becker MN 1987.

M Treatments —N-Concentration _N-Removal
------------ Booomoomonan ceeeeemeeckg/hao-coccoen--
N-Rate Method Irh, Time leaf Grain Stover Grain Stover  Total
Control = -=---- 1.53 1.3 0.40 58.9 2%.9 83.9
100 Broadcast  ---- 1 2.81  1.39 0.44 117.6 35.0 152.7
100 Broadcast  ---- 2 2.83 1.33 0.46 117.0 36.1 153.1
100 Injected 1 3.08 1.48 0.50 138.7 43.3 182.0
100 Injected 2 3.09 1.51 0.58 142.4 50.3 192.8
100 Injected DD 1 3.09 1.57 0.54 149.1  47.0 196.1
100 Injected NS 1 3.17 1.53 0.48 140.1  40.6 180.8
168 Broadcast  ---- 1 3.05 1.65 0.55 157.8  47.52 205.3
168 Broadcast  ---- 2 3.13 1.60 0.53 148.6 42.1 190.8
168 Injected 1 3.27 1.66 0.56 158.0  47.1 205.1
168 Injected DD 1 2.8 1.7 0.62 160.2 49.5 209.7
168 Injected NS 1 3.0 1.73 0.54 171.1 58.1 229.3
235 Broadcast  ---- 1 3.28 1,60 0.55 173.7 51.9 225.7
235 Broadcast  ---- 2 3.3 1.62 0.55 152.7 48.1 200.9
235 Injected 1 311 1.66 0.55 148.9 46.1 195.0
235 Injected 1 3.2 1.70 0.56 169.3 52.1 221.4
235 Injected 2 3.26 1.70 0.67 164.4 50.4 214.8
235 Injected DD 1 2.8 1.63 0.59 168.5 63.4 231.9
235 Injected NS 1 3.33 1.3  0.47 170.5 56.0 226.6
P-Value 99 99 99 99 99 99
BLSD (.05) 0.37 01 0.10 13.5 9.0 18.2
100 3.1 1.52 0.53 142.5 45.8 187.0
168 3.19 1.67 0.56 165.7 51.6 217.5
235 3.16 1.67 0.59 168.1 55.4 223.6
P-Value 23 99 99 99 99 99
BLSD (.05) 0.04 0,04 5.4 4.3 7.7
Inhibitor
None 313 1.60 0.5 155.4  48.7 204.2
DCD 3.1 1.66 0.61 162.8 56.2 219.0
N-Serve 3.26 1.63 0.54 161.3 49,5 211.0
P-Value 51 93 99 97 99 99
BLSD (.05) 0.04 6.7 4.7 8.9
N-Rate X Ivhibitor 80 82 8l 79 87 79
Factorial Arrangement (N-Rate X Method X Time)
N-Rate
100 2,95 1.43 0.50 128.9  41.2 170.1
168 3.07 161 0.5 156.1  46.4 202.8
235 3.3 164  0.55 158.8  49.1 208.0
P-Value 99 99 99 99 99 99
BLSD (.05) 0.18 0.05 0.04 7.6 4.2 10.4
Method
Broadcast 3.06 1.52 0.51 140.6 42,4 183.0
Injected 313 1.60 0.55 155.4  48.7 204.2
P-Value 75 99 97 99 99 99
Time
Early 3.13 1.56 0.52 148.9  45.4 194.5
Late 3.6 1.56 0.54 146.9  45.6 192.7
8 P-Value 75 14 70 46 10 32
Rate X Method 79 77 95 88 86 91
Rate X Time 43 55 40 26 69 48
Method X Time 46 85 A 53 82 46
90 17 58 25 3% 33

Rate X Method X Time
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Influence of Nitrogen Application Time and Nitrification
Inhibitor Rate on Sweet Corn Production on an

Irrigated Sand
C. J. Rosen

With excessive rainfall, coarse-textured soils are subject to leaching of nitrate-N from the root-zone.
BecameNhssdmw@&egrmdngseasmcmdepmssyieldszﬂwMﬂmbegmemL the practice of
sidedressing and/or use of nitrification irhibitors are important considerations for growers on the
central sand plains of Minnesota. Maintaining N in the relativelymﬂeadﬁblemmﬂ;mfom&\mfgmme
of a nitrification irhibitor may be one means of reducing nitrate-N leaching and N fertilizer imnputs.
Another factor to consider is whether hybrids respond differently to amwonium-N compared to nitrate-N.
Selecting hybrids that respond to ammonium nutrition may ephance the effectiveness of nitrification
irhibitors. The cbjectives of this study were to 1) determine the effects of N fertilizer application
time and nitrification irhibitor rate on soil levels of nitrate-N and ammonium-N and 2) conpare the
response of two sweet com hybrids to these tweatments. Results presented here are from the second year
of the study.

EXPERIMENTAL PROCEDURES

The experiment was conducted at the Sand Plains Research Farm in Becker, MN. Prior to planting and
fertilizer application, the soil (Hubbard loamy sand) had the following test values (0-6"): pH, 6.3; Bray
Pl, 105 1b/A; ammonium acetate extractsble K, 234 1b/A. The previos crop at this site was rye. Prior to
planting 150 1b/A potassium-magnesium sulfate (0-0-22) was broadcast and incorporated.

Treatments consisted of two hybrids ‘Code 5’ (early season maturing) and ‘Jubilee’ (mid-season maturing),
150 1b N/A as arhydrous ammonia either preplant or split applied (75 1b N/A preplant and 75 1b N/A
sidedressed) and three rates of N-Sexve (0, 0.5, or 1.0 1b ai/A). For both hybrids, a control, which did
rot receive N or an irhibitor, was also included. A split-plot design with four replications was used
with timing and irhibitor rate as main plots and hybrid as subplots. Preplant treatments were applied
April 24, 1987. Both hybrids were planted April 29 with a banded applicatim of 150 1b/A 0-14-42. Stards
were thimmed to approximately 24,000 plants/A with spacing set at 30" rows. The sidedress treatments were
applied June 9 (10-12 leaf stage). The split N treatments had half the irhibitor gpplied preplant ard the
remainder applied with the sidedress. Soil samples were collected in the atdrous amnia berds (sanples
bulked over hybrid) May 27, July 10 and August 5 and stored moist at 4°C until extracted with 2N KCl1 for
nitrate-N and ammoniun-N determination. Whole plant samples collected at the 10-12 leaf stage (before
sidedress application) and leaf samples opposite and above the ear at mid-silking were dried and ground
for subsequent mutrient determination. From May through July, precipitation totalled 12.3". This
rainfall was supplemented with an overhead irrigation system to supply 1 inch of water per week.

Code 5 was harvested on July 22 ard Jubilee was harvested July 30. Total green yield, husked yield and
stover yield were obtained by harvesting two 15 ft center rows within each plot. Subsamples of ears,
husk, and stover were taken to determine % moisture for N uptake calculations. As a measure of product

quality, % kernel moisture and % usable ears (5.5" or greater with unfilled tip removed - OOC eligible)
were determined.
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RESULTS

Both N timing and nitrification irhibitor rates had significant effects on levels of soil ammonium-N
(Tsble 1) and nitrate-N (Table 2). Because samples were taken in the arhydrous amwnia bard, values
pmsmtedmmlﬁforﬂutmamﬁdomtrepmsmtaveragelevels&m@dmﬂeld. The control
plot, as expected, had relatively low levels of nitrate-N and ammonimN at all saplirg dates and depths.
Differemesin&aNtreatedphtsvaremstapparentatdnsecmﬂarﬂmirdsanplmgdate. Ammonium-N
ir.xcreased significantly with split applications and with increasing irhibitor rate at the 0-6" depth, At
times it was difficult to locate the band from the preplant applications. Therefore, some samples from
the preplant applications may mot have been entirely from the band. In contrast to amoniun-N, nitrate-N
levels decreased with irhibitor rate at the 6-12" and 12-14" depths at the second and third planting
dates. Nitrate-N increased when applications were split. This may have been in part de to the insbility
to locate the band in some of the preplant treatments. Overall, these data indicate that N-Serve

s§pressed nitrification which resulted in relatively high ammonium-N soil lewels in N-Serve treated
plots.

Yield of Jubilee was greater than that of Code 5 regardless of treatment (Table 3). This hybrid
difference was due in part to earlier maturity of Code 5 and a higher % moisture at time of harvest of
Code 5. As expected, both hybrids ylelded poorly when nitrogen was omitted. Split application of
nitrogen resulted in greater urhusked (green), husked yield and % 0OC eligible ears compared to preplant
application. Nitrification irhibitor rate had no effect on green yleld, but husked yleld tended to
increase with irhibitor rate. The significant interaction between hybrid and irhibitor rate was due to a
more linear response to irhibitor rate by Jubilee compared to a more quadratic response by Code 5.
Ivhibitor rate had no effect on the $ 0OC eligible ears. This is in contrast to the results from last
year where Code 5 had a greater number of eligible ears with increasing ivhibitor rate. Except for a
hybrid difference, there was no treatment effect on ear length.

Nitrogen camposition of and uptake by the two hybrids are presented in Table 4. Nitrogen concentration
and uptake was significantly reduced when nitrogen was rot applied. Cancentxations of N in plants sapled
at the 8-10 leaf stage were not significantly affected by irhibitor mte or N timing. Corcertrations of N
in stover, husk and ears were mot affected by irhibitor rate or split applications. Total N removed in
ears, husk and stover was mot consistently affected by irhibitor rate and split application. Mid-silk
leaf elemental concentrations are presented in Table 5. Except for the contxol plots, all leaf N levels
were in the optimm range for sweet corn production. In general, increasing irhibitoar rate decreased leaf
Ca, Mg, Fe and Mn.

GENERAL OOMMENTS

Omrallrespomes&ﬂsyearmiﬂdbiwraxﬂsplitappucatimwremnhlessﬁmt:hoseof&eprevims
year, Precipitatim&xmgdﬂsgrmdngseasmmsabwthalfdutofﬂnpreviwsseasm. In addition,
nore of the rainfall events this year exceeded more than one inch over a 24 hour period. It is probable
that there was less leaching of nitrate this year campared to last year. Extractable ammonium levels
significantly increased with irhibitor rate; however, hybrids responded similarly to the different
treatments. These results suggest that unless significant leaching of nitrate occurs during the season,
the probability of a response to irhibitor or split N applications is low.

The assistance of Tom Graff with irhibitor end nitrogen applications is gratefully acknowledged.
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irhibitor on soil amonium - N levels at three depths. The control did not veceive any

Table 1. Influence of timing of N fertilizer application (150 1b. N/A) and rate of nitrification
nitrogen or irhibitor treatment.
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Table 3. Nitrogen fertilizer timing (150 1b. N/A) and nitrification irhibitor rate effects on yield and
quality of two sweet comn hybrids, The control did not receive any nitrogen or irhibitor

treatment.
Yield
Timing NI rate, kybrid Greep Husked Far length  Kermal Moistwe QOC Fligible
b, aliA)” 0000 eeee- (T/A)----- (inches) ® ®
control 0 Code 5 0.6 0.3 2.2 82.7 00.0
preplant 0 Code 5 7.6 4.7 8.2 82.6 91.0
preplant 0.5 Code 5 7.8 4.7 8.0 83.6 75.8
preplant 1.0 Code 5 7.5 4.6 8.4 84.7 90.0
split 0 Code 5 7.6 4.7 8.4 8.1 89.8
split 0.5 Code 5 8.4 5.3 8.4 82.1 90.0
split 1.0 Code 5 7.8 5.0 8.5 83.0 91.2
control 0 Jubilee 2.1 1.5 5.9 75.6 17.5
preplant 0 Jubilee 8.9 6.2 7.6 77.1 87.5
preplant 0.5 Jubilee 9.8 6.6 7.8 77.8 88.8
preplant 1.0 Jubilee 9.7 6.7 7.9 77.8 87.5
split 0 Jubilee 10.1 6.6 7.7 78.8 93.8
split 0.5 Jubilee 9.9 6.6 7.7 77.2 9.2
split 1.0 Jubilee 10.0 7.3 7.8 76.2 95.0
Statisitics (not including control)
Main Effects
Hybrid
Code 5 7.8 4.8 8.3 83.4 88.0
Jubilee 9.7 6.7 7.7 771.5 91.4
Significance ok *k ok ok +H
Timing
preplant 8.5 5.6 8.0 80.6 86.8
split 9.0 5.9 8.1 80.2 92.7
Significance * ok NS NS *
NI Rate
0 8.6 5.6 8.0 80.6 90.5
0.5 9.0 5.8 8.0 80.2 87.7
1.0 8.7 5.9 8.1 80.4 90.9
Significance NS * NS NS NS
Linear NS *k NS NS NS
Quad * NS NS NS +
Interactions
Hybrid X Timing NS NS NS NS NS
Hybrid X NI Rate NS * NS NS +
Timing X NI Rate NS NS NS + NS
Hybrid X NI Rate X Timing + * NS NS NS

I"NI - nitrification irhibitor (N-Serve)
ik =<0, *= 01-.05, ++=.05-.1, +=.1-2, NS=>.2
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Table 4. Nitrogen fertilizer timing (150 1b. N/A) and nitrification irhibitor effects on N composition
of and uptake by two sweet com hybrids. The control did not receive any nitrogen or irhibitor

treatment.
--------------- § N--c-eeeemeeeee --oN Content----  Total
o Bbrid  Vhole Plant  Ear Husk Stover Ear Musk Stover N Uptake
Timing NI rate (1b, ai/A) (6-8leaf)  ----- Harvest-----  ------ 1b N/A----- 1b. N/A
control 0 Code 5 3.82 158 .70 0.68 1.8 7.5 35.9 45.1
preplant 0 Code 5 3.41 1.8 .80 172 387 81 9%.6 137.4
preplant 0.5 Code 5 4.27 1.5 .77 173 29.1 5.3 8.7 120.1
preplant 1.0 Code 5 4.28 1.84 .74 172 356 6.4 97.2  139.2
split 0 Code 5 3.69 1.78 .60 1.43 28.8 146 72.0 1289
split 0.5 Code 5 4.22 1.79 .73 1.78 435 5.4 8.9 1348
split 1.0 Code 5 41 1.82 .78 172 394 6.3 87.0 132.7
control 0 Jubilee 3.89 1.3 .60 0.5 9.4 4.4 214 35.2
preplant 0 Jubilee 4.19 1.89 % 140 555 10.5 78.8 1448
preplant 0.5 Jubilee 4.10 1.84 .96 1.37 6L.1 83 77.4  146.7
preplant 1.0 Jubilee 4.24 1.86 .82 1.36 63.8 6.6 82.2 152.6
split 0 Jubilee 4,13 1.86 .91 1.50 59.7 85 92.5 160.7
split 0.5 Jubilee 4,22 1.89 1.02 1.53 60.7 84 91.8  160.9
split 1.0 Jubilee 4,12 193 .90 1.3% 714 7.5 784 1574
Statisitics (not including the control)
Main Effects
Hybrid
Code 5 4.10 1.76 .77 1.72 37.2 6.6 9.4 134.2
Jubilee 4.17 1.88 .93 141 62.0 83 8.5 153.8
Sigﬂ_fjm NS + *k sk sk k + Sk
Timing
preplant 4.08 1.79 .8 1.5 47.3 7.5 8.3  1:40.1
split 4,18 1.85 .8 1.59 519 7.4 8.6 1479
Significance NS M N NS * N NS +
NI Rate
0 4.00 1.85 .87 1.57 47.7 8.8 8.4 1459
0.5 4,20 1.75 .87 1.60 48.6 6.8 8.2  140.6
1.0 4.19 1.86 .81 1.53 S52.6 6.7 8.2  145.5
Significance NS B H N + B N NS
Linear NS NS * NS +H ok NS NS
Quad NS N + NS M  + NS NS
iy s N N N NN NS
Hybrid X Timing NS
Hybrid X NI Rate NS NS kNS + NN NS
Timing X NI Rate NS N NS NS N N NS NS
Hybrid X NI Rate X Timing + N N NS H+ NN NS

T - nitrification irhibitor (N-Serve)
#h =<0l %= .01-.05, +=.05-1, +=.1-2, N§=>2
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Table 5. Influence of timing of N fertilizer application (150 1b. N/A) and rate of nitrification
irhibitor on leaf elemental concentration at mid-silking. The control did not receive any
nitrogen or irhibitor treatment.

fbbrid N P K Ca Mg Fe Mn Zn Cu B
Timing NI rate (Qb, al/A)™ 3 =  =-c-cccecca-a- Lt T s Ppm=c-=e-nce-
cantxol 0 Code 5 1.75 0.30 2.25 0.45 0.33 5 30 13 4 10
preplant 0 Code 5 3.30 0.32 2.03 0.61 0.40 93 114 23 9 8
preplant 0.5 Cde 5 3.20 0.31 2.03 0.5 0.36 86 102 28 9 8
preplant 1.0 Code 5 3.29 0,34 2.11 0.58 0.40 88 8 23 10 8
split 0 Code 5 3.20 0,32 2.02 059 0.40 89 112 23 10 8
split 0.5 Code 5 3.30 033 2,05 0.60 0.4 89 8 24 10 9
split 1.0 Code 5 3.13 0.32 202 0.58 0.39 84 77 26 9 9
control 0 Jubilee 1.22 0.29 2.45 0.46 0.40 57 25 10 3 8
preplant 0 Jubilee 2.72 0,30 2,09 0.72 0.51 8 129 32 9 9
preplant 0.5 Jubilee 2.84 0.30 2.06 0.70 0.49 83 115 37 9 10
preplant 1.0 Jubilee 2.73 0.31 2.14 0.65 0.48 8 100 29 9 10
split 0 Jubilee 2.93 0,31 214 0.74 0.56 g6 108 23 10 9
split 0.5 Jubilee 2.86 0.31 2,13 0.71 0.53 83 87 27 10 10
split 1.0 Jubilee 2.68 0.31 2,12 0.65 0.49 8 8 27 9 9
Statisitics (not including the control)
Main Effects
Hybrid
Code 5 3.23 0.32 2.04 0.58 0.39 8 95 2 9 8
Jubilee 279 031 211 0.70 0.51 8 103 29 9 9
Significance sk * * *k *k * ++ %t NS *
Timing
preplant 301 0.31 2,08 0.64 0.4 8 107 29 9 9
split 3.02 0.32 2.08 0.64 0.46 86 91 25 9 9
Significance NS NS NS + ke NS & 4+ NS NS
NI Rate
0 3.06 0,31 2,07 0.67 0.47 89 16 25 9 9
0.5 3.05 031 2,07 0.64 0.45 8 9% 29 9 9
1.0 29 032 210 0.61 0.4 8 8 26 9 9
Significance + NS NS *x * * % NS NS NS
Linear NS NS NS ok * H+ %% NS +H NS
Quad NS NS NS NS NS NS NS * NS NS
Interactions
Hybrid X Timing NS NS NS NS NS NS + % NS NS
Hybrid X NI Rate NS NS NS +H + NS NS Ns NS NS
Timing X NI Rate + + + +H O+ N N N +H NS
Hybrid X NI Rate X Timing NS NS NS NS NS NS N N N N

V"N - nitrification irhibitor (N-Serve)
bk =< 0L, %= 01-.05 +=.05.1, +=.1-2, N§S=>2
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1887 WEATHER DATA
NORTHWEST EXPERIMENT STATION, CROOKSTON, MN
T.E. Cymbaluk

The weather for 1987 will be known as a warm year when compared with the 90-year average. Ten of the 12
months were above normal in regard to temperature, accounting for the average annual temperature to be
4.8 degrees above normal. January, February, April, and December were well above normal, with the
average monthly readings deviating 10.7, 16.7, 8.9, and 7.0 degrees, respectively. August and October
were the only two months below normal. The highest temperature for 1987 occurred on July 16 at 97
degrees F. The lowest temperature for 1987 occurred on January 22 at -25 degrees F.

The last frost of the spring was April 21, 1987 (29 degrees F) and the first hard k111ing frost occurred
October 1, 1987 (28 degrees F). This made a 162-day frost-free perfod for 1987, the second highest
frost-free period on record. The highest frost-free period on record is 167 days set in 1922.

The ground frost reached a maximum depth of 30 inches by the end of February. Surface thaw had begun by
the end of March, by mid to late April, the ground frost was gone.

The 1987 precipitation was 1.25 inches less than the S0-year average. Seven of the 12 months had preci-
pitation below normal. The greatest amount of precipitation that occurred in a single day was received
on May 20, accumulating 2.23 inches of rain.

With 1ittie snow, a warm winter and early warm spring temperatures made it possible for a early planting

season 1n 1987. By the first of May, most of the small grain crops had been planted. Because of a lack
of moisture there was 11ttle tillering in the small grain crops.

Table 1. Weather summary for 1987 with 90-year averages for precipitation and mean temperatures.

Precipitation Mean Temperatures

Month 1987 1890-1979 1987 1890-1979

inches degrees F------
January 0.21 0.56 14.4 3.7
Febuary 1.07 0.59 24.8 8.1
March 0.45 0.84 28.0 22.9
April 0.29 1.57 50.3 41.4
May 4.37 2.59 60.0 54.6
June 1.04 3.56 67.5 64.4
July 5.20 3.09 72.5 69.6
August 3.13 2.90 64.7 67.4
September 1.64 2.16 58.1 57.5
October 0.36 1.43 40.4 45.3
November 0.55 0.78 30.8 26.7
December 1.11 0.60 18.5 11.5
Total 19.42 20.67 Mean 44.2 39.4

Please refer to title page of this publication for information regarding application and use of this
article.
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Jable 2. Records broken or matched at the Northwest Experiment Station, Crookston, MN in 1987.

Highest Maximum Temperature Highest Minimum Temperature &
Date 01d Record New (1987) Date 01d Record New (1987)
--------- degrees Feveveeee- cmemenccaas-00grees F---—cew--
Febuary 7 41 (1898) 42 January § 27 (1902) 27
March 20 57 (1946) 58 April 18 55 (1931) 60
April 26 79 (1977) 79 Decenber 7 32 (1935) 32
May 8 89 (1895) 89 Decenber 8 30 (1952) 3
May 10 86 (1976) 92
July 31 96 (1936) 96
i
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RESIDUAL SOIL N, FERTILIZER N, AND INOCULATION EFFECTS
o ON SOYBEAN PRODUCTION IN NORTHWESTERN MINNESOTA

J.A. Lamb and T.E. Cymbaluk

OBJECTIVE: The overall objective of this study is to measure the effect of residual NO3~-N, fertilizer
N and seed inoculation on soybean production in the Red River Valley of Minnesota.

MATERIALS AND METHODS: Two sites were located in 1987. The NO3~-N (0-2') contents were 164 and 40 1bs
A-T for Marshall and West Polk County sites, respectively. The N fertilizer (urea) treatments (0, 30,
60, 90 and 120 1bs N A'l) and 1noculation treatment (none and inoculated) were applied and the plots
planted to McCall soybean May 19 and Juns 1 at the Marshall and West Polk County locations, respectively.
The most recent matured trifoliate leaves were sampled at S0% bloom for N analysis on July 30. The plots
were harvested by plot combine September 14 and 21 at Marshall and West Polk locations, respectively.

RESULTS AND DISCUSSION: Table 1 1ists the grain yleld, trifoliate leaf N contents and statistical analy-
ses for the 1987 locatfons. 1In 1987 we had two very different locations with regard to soil NO3~-N
contents. The West Polk location with soil NO3~-N of 40 1b-a-1 (0-2') had a significant grain yield
increase from fertiliZer N which was not maximized by a 120 1b N A1, The use of inoculum did effect
grain yield at the lower N rates but at 60 1b N A~ there was no difference in grain yleld from inoculum.
The trifoliate 1eaf N concentrations were only effected by N fertilization and not by inoculum.

The Marshall County location had an extremely high sofl NO3~-N content of 164 1b A-l. Because of this
there was no yleld response to N fertilization or inoculation. The trifoliate leaf N concentrations were
increased (P=0.10) but no response occurred to inoculum treatment. These results support the use of a
soll NO3~-N test to dstermine 1f soybean plants will respond to N fertilization. Even though a visual

r..gxamination of plants in the inoculated treatment indicated that nodules had been formed, evidently their
bility to provide N to the plant is reduced by both high residual soil NO3~-N contents and the addition
of N fertilizer.

The authors would 11ke to acknowledge the cooperation received from Curt Knutson, Dwight Anderson, and
Ray Thompson in this study in 1987.

Table 1. Grain ylelds, trifoliate leaf N concentrations, and statistical analyses for 1987.

West Polk _ Marshall _ West Polk _ Marshall _
NO 2X_ X NO 22X X NO 2% X MO 2X X
-------- Grain Yield, bu Al--cceeeou- ----------Leaf Concentration, %--------
0 28.5 32.1 30.0 32.8 31.4 32.1 4.87 4.80 4.83 5.68 5.67 5.68
30 31.0 32.0 31.5 31.6 33.5 32.6 5.33 5.00 5.16 5.77 5.51 5.64
60 33.8 34.2 34.0 33.1 29.9 31.5 5.61 5.16 5.38 5.84 5.72 5.78
90 35.1 34.6 34.8 34.8 32.4 33.6 5.62 5.21 5.42 5.66 5.84 5.75
120  38.5 37.1 37.8 33.9 32.4 32.4 5.88 5.79 5.83 5.89 5.79 5.84
X 33.4 34.0 33.2 31.6 5.46 5.19 5.77 5.70
I NS NS NS NS
N Rate ** NS habed NS
Lin *% NS habed +
Quad NS : NS NS NS
I *NR * NS * NS
c.vV. 4.7 6.9 7.2 3.6

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

h

_ Please refer to title page of this publication for information regarding 2pplication and use of this
article.
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USE OF ACID BASED FERTILIZERS FOR MORE EFFICIENT
SOYBEAN PRODUCTICN IN NORTHWESTERN MINNESOTA

J.A. Lamb, T.E. Cymbaluk, and G.W. Rehm

OBJECTIVES: The primary cbjective of this study is to evaluate low pH fertilizers as carriers for
micronutrients for soybean production in northwestern Minnesota. Particular objectives include 1)
determine if low pH fertilizer increases the uptake of Zn and Fe in soybeans grown on calcareous
soils, 2) determine the effect on soybean nodulation by the addition of micronutrients in different
fertilizer carriers, and 3) determine effect of acid fertilizer on soybean yields.

MATERIALS AND METHODS: This study was located at two sites; West Polk County - Knutson site, and
Marshall County - Anderson site. The soil test information 1s reported in Table 1. McCail soybeans
were planted on May 20, 1987, and June 1, 1987 at the West Polk County and Marhall County sites,
respectively. The fertilizer treatments iisted in Table 2 were applied as a starter placement 2" x
2" from the row. The treatments were in a randomized complete design with four replications. Whole
plant samples and population counts were taken three weeks after emergence. The Marshall County and
West Polk County plots were harvested September 14 and September 21, 1987, respectively.

RESULTS AND DISCUSSION: West Polk County Location: Even though the sofl P test was 14 1b AL,
there was not a positive grain yleld response at this location, Table 3. Actually, the treated
plants ylelded significantly less than the check. Forage yleld, population, Zn uptake, plant Fe
concentration and Fe uptake were not effected by the treatments. Plant P was on the average negati-
vely effected by the addition of zinc in either the acid or nonacid carriers. The treatments caused
a trend in lower P uptakes when compared to the check (P=0.10). The plant Zn concentration was on
the average significantly lower for the treated plant when compared to the untreated check plants.

Marshall County Location: This location had a very low phosphorus soil test of 9 1b A'1. Table 4.
Similar to the West Polk site, no grain yield response occurred. Forage yield and plant population
were uneffected by the treatments. Both plant P concentration and uptake were significantly
increased by the application of P by either carrier. There was no difference between carriers.
Plant Zn concentration and uptake were increased when Zn was added to the carrier. Acid x Fe and Fe
x zinc interactions occurred with the Zn concentration. The Zn by Fe interaction is interupted as
without Fe in the fertilizer the 1increase in plant Zn concentration from the addition of Zn is
greater than in the presence of Fe (11 ppm vs 5 ppm). The acid by Fe interaction reveals that when
Fe 1s added to the acid carrier, the Zn concentration is decreased (6 ppm) and with the nonacid
carrier it is increased 2 ppm. The plant Fe concentrations and uptakes were increased with the use
of fertilizer when compared to the check. No fertilizer treatment significantly did better than the
rest.

Originally the very acid fertilizers were developed to be used in higher pH soils to acidify the
soil in a small area where nutrients such as P, Zn and Fe would be more available to the plant.
This increased availability was then supposed to increase grain ylelds. From both 1986 and 1987
soybean studies over 4 locations in the Red River Valley, no grain yleld increase has been docu-
mented. In fact, 1n 1987, one location had 2 yield decrease. The results from the nutrient data in
1987 were mixed. Of interest was the effect of the starter placement on population. Soybean seeds
are sensitive to salt when 1t comes to germination. We did not see this effect with the 2" x 2"
placement. The soils of the Red River Valley are so buffered with CaCO3 that the amount of acid
needed to neutralize them even in a band, would be larger than what could be economically supplied.

Please refer to title page of this publication for information regarding application and use of this
article.
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Jable 1. Soil test information for soybean fertilizer carrier study, 1987.

Depth West Polk Marshall
-=in.--
oM % 0-6 4.5 4.7
NO3~-N 1b A-1 0-24 40 104
NakCOzP 1b A-1 0-6 14 9
K 1b A-1 0-6 530 230
pH 8.2 8.0
In ppm 0.5 0.6
Fe ppm 4 5

Jable 2. Treatments for acid fertilizer experiment in 1986.

Carrier Micronutrient

1. Acid fertilzier

2.  (7-28-0-4) pH <0 1 1b A1 Zinc

3. 11b A" Iron

4. 1+11b Al Zinc + Iron
5. Non Acid 10-34-0 + 12-0-0-26) -

6.  pHe5.4 (7-28-0-4) 11b A1 Zinc

7. 1 1b A-1 Iren

8. 1+11b Al Zinc + Iron

9. Check (no fertilizer)
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Table 3. Treatment means and statistical analyses for grain yfeld, forage yleld, small piant P, Zn,
and Fe concentrations and uptakes and population for West Polk County lccation in_1987.

Grain Forage Plant P Plant in Plant Fe
Yield Yield P Uptake Zn ° Uptake Fe Uptake Population
buA-l Wb Al pom bA-1  ppm  1bA-1 _ ppm 1b A-1  plants A-1

Acid 29.8 132 2979 0.39 23.3 0.003 546 0.07 115,434
Acid + In 30.6 132 2601 0.34 19.6 0.003 504 0.07 114,345
Acld + Fe 31.2 122 2946 0.36 21.1 0.003 349 0.04 106,722
Acid + Zn + Fe 1.0 125 247N 0.31 19.5 0.002 600 0.08 112,167
Nonacid 30.6 127 2739 0.35 20.5 0.003 426 0.06 111,078
Nonacid + Zn 30.5 113 2458 0.27 18.8 0.002 395 0.05 107,811
Nonacid + Fe 31.5 120 2610 0.31 20.7 0.002 511 0.08 111,078
Nonacid + Zn + Fe  30.5 127 2772 0.35 21.9 0.003 565 0.07 103,455
Check 32.0 128 2888 0.37 23.2 0.003 416 0.05 109,626
Check vs Rest * NS NS NS * NS NS NS NS

Acid NS NS NS NS NS NS NS NS NS

Iron NS NS NS NS NS NS NS NS NS

Zinc NS NS * NS NS NS NS NS NS
Acid * Fe NS NS NS NS NS NS NS NS NS
Acid * Zn NS NS NS NS NS NS NS NS NS

Fe * In NS NS NS NS NS NS NS NS NS

Acid * Fe * In NS NS NS NS NS NS NS NS NS

c.v. 5.2 14.2 10.1 12.6 11.0 16.7 40.3  47.2 13.0

* s 0.05 significance level.

Table 4. Treatment means and statistical analyses for grain yleld, forage yleld, small plant P, Zn,
and Fe concentrations and uptakes and populations for Marshall County location in 1987.

Grain Forage Plant P Plant n Plant Fe
Yield Yield P Uptake in Uptake Fe Uptake Population
buA-l 1bAl ppm  1bA1 ppm  1bA-1 ppm 1bA-1 plants A-1

Acid 28.7 177 3923 0.70 24.3 0.004 251 0.04 68,607
Acid + ZIn 27.7 185 4212 0.78 39.6 0.007 423 0.08 72,963
Acid + Fe 27.8 199 4419 0.88 23.6 0.005 285 0.06 79,497
Acid + Zn + Fe 27.8 163 4338 0.72 27.6 0.005 267 0.04 64,251
Nonactd 29.4 157 4758 0.74 24.0 0.004 281 0.04 75,504
Nonacid + Zn 28.6 194 4105 0.79 30.4 0.006 240 0.05 74,052
Nonacid + Fe 30.0 175 4544 0.79 26.9 0.005 286 0.05 71,874
Nonacid + Zn + Fe 29.3 185 4053 0.75 32.2 0.006 275 0.05 76,230
Check 28.3 164 3580 0.59 25.1 0.004 223 0.04 75,141
Check vs Rest NS bl ol * NS * * NS NS
Acid NS NS NS NS NS NS NS NS NS
Iron NS NS NS NS NS NS NS NS NS
Zinc NS NS NS ** * NS NS NS NS
Acid * Fe NS NS NS * NS NS NS NS NS
Acid * In NS NS NS NS NS NS NS NS NS

Fe * In NS NS NS * NS NS NS NS NS
Acid * Fe * In NS NS NS NS NS » NS NS NS
c.V. 9.3 19.7 1.7  22.7 13.1 27.4 25.5 36.4 13.1

** and * are 0.01 and 0.05 significance levels, respectively.
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FOLIAR NITROGEN APPLICATION ON SUGARBEET - TIMING AND RATE

John A. Lamb and John T. Moraghan
Northwest Experiment Station, University of Minnesota and
Department of Sofl Science, North Dakota State University

OBJECTIVE: 1In recent years a growing concern among producers has been the premature yellowing or N defi-
ciency, of sugarbeet fields. Many questions have arisen concerning the use of a folfar N application to
correct this situation. Because of the possible detrimental effects on sugarbeet quality, a cocperative
study was started with the objective of determining the effects of folfar N application on sugarbeet
yleld and quality after early yellowing under optimum fertilizer application and under inadequate N con-
ditions.

PROCEDURE: The second year of this study was established at the Northwest Experiment Statfon, on a soil
NO3~-N test, 0-2 ft, of 40 1b A-1. Table 1 1ists the soil and folfar N treatments. The soil N treat-

ments were applfed fall, 1986 as Urea and incorporated. Six replications of ACH 164 were planted Aprii
27 in randomized complete block design. The plots were overplanted and thinned to 125 plants per 100
foot of row. The follar treatments were Urea-ammonium nitrate solution (UAN, 28% N) applied as 20 1b A-l
increments on June 30, July 16, and August 3.

Table 1. Treatments for foliar N trial, NWES 1987.

Foliar
Soil Preplant 6/30  7/15  7/30
Treatment b NA"l oo 1b N A~! eeee- Total
1 0 0 0 0 0
2 0 0 0 20 20
3 0 0 20 20 40
4 0 20 20 20 60
5 0 0 0 0 0
6 100 0 0 20 20
7 100 0 20 20 40
8 100 20 20 20 60

Petiole and blade samples were taken 10 days after the final treatment for N determination. Roots and
tops were hand harvested September 25. The quality was determined by American Crystal Sugar research
quality lab at Moorhead, MN. Brei samples were taken and N was determined on them at J.T. Moraghan's
lab at NDSU.

RESULTS AND DISCUSSION: The root yield and recoverable sugar per acre were increased by the addition of
soil N, but not by the use of follar N. The response to soil N was 2.6 tons A"l and 784 1b sugar A-l.
Even with the treatment receiving no preplant N, the addition of foliar did not significantly effect root
yleld, sugar content, recoverable sugar per acre or per ton. The recoverable sugar per ton was signifi-
cantly decreased by the 1060 1b N A-l soil applied treatment. This decrease was caused by the increase in
Na and Amino-N contents which measure reduced quality by the N fertilizer (Table 3). The follar treat-
ments caused a trend towards poorer quality, but this did not result in significantly lower recoverable
sugar. In 1987, the use of foliar N did not increase the value of the crop at either soil N level, Table
4. It 1s not advisable to use a foliar N treatment on sugarbeets. The top growth Table 2 was signifi-
cantly increased with increasing N application either soil, follar, or both.

Please refer to title page of this publication for information regarding application and use of this
article.
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Table 2. Sugarbeet root and top yleld, sugar content, recoverable sugar per
ton, and recoverable sugar per acre, NWES 1987.

Recoverable
Soil N Foliar Yield Sugar Sugar Sugar/Ton Top Yield

INAl 1bNAY TAl %2 1bAl 1bTon! b A-1

0 0 14.5 19.3 5207 360 1953

0 20 15.8 19.3 5663 358 2178

0 40 15.7 19.2 5863 355 2101

0 60 16.4 18.9 5748 349 2440

100 0 18.2 19.2 6452 355 2848

100 20 17.6 18.9 6133 348 3104

100 40 18.4 18.9 6340 347 3017

100 60 18.5 18.8 6373 344 3481

0 16.4 19.3 5830 358 2401

20 16.7 19.1 5898 353 2641

40 17.1 19.1 5952 351 2604

60 17.5 18.9 6061 347 2961

0 15.6 19.1 5540 355 2190

100 18.2 18.9 6324 349 3112
s°1 ] N *R Ns [ { * E 1 4
Foltar N NS NS NS NS ++
SXF NS NS NS NS NS

C.V.% 12.8 2.7 12.9 3.3 18.8

**_ *_ and ++ are 0.01, 0.05, and 0.10 significance 1evels, respectively.



29

Table 3. Sugarbeet root impurities, NWES 1987.

Soll N Foliar Na K Amfino-N Index
IbNAT 1bNA‘l PP
0 0 225 1933 347 462
0 20 208 1967 365 475
0 40 276 1919 370 485
0 60 282 1957 369 498
100 0 265 1822 415 492
100 20 321 1855 422 518
100 40 301 1878 479 547
100 60 366 1847 484 560
0 245 1878 381 477
20 265 1911 394 497
40 269 1899 425 516
60 324 1902 427 529
0 249 1943 362 480
100 313 1850 450 529
soi] N *k 1] ¢ ] k¢ 3
Follar N NS NS NS +
SxF NS NS NS NS
c.v.% 27.6 5.5 14.9 10.0
L.5.D. 0.05 46 _62 36 30

**, %, and + are 0,01, 0.05, and 0.10 significance levels, respectively.

Table 4. Economic analyses of follar N study, NWES 1987.

Soll N Foliar Net Beet Payment
IbNA-l 1bNAl  Net per ton  Net per acre

0 0 $44.82 $649

0 20 44,53 706

0 40 43.93 687

0 60 42.69 703

100 0 43.80 795

100 20 42.42 747

100 40 42.17 766

100 60 41.50 7

0 44.31 722

20 43.48 727

40 43.05 727

60 42.10 737

0 43.99 686

100 42.47 770
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TIMING OF NITROGEN APPLICATION ON SUGARBEET

John A, Lamb, Soil Scientist
Northwest Experiment Statfon, University of Minnesota

OBJECTIVE: Nitrogen fertilizer management has received considerable attention from sugarbeet producers
in the past because of the quality payment system. The producer in the Red River Valley area has gone
from a situation of too much residuail soil N to, in most cases, a manageable to deficit situation. Much
concern has grown because of this shift in N situation about sugarbeet prematurely yellowing. The split
application of nitrogen may provide an avenue of delaying the yellowing, allow more efficient use of the
fertilizer, and not decrease quality. This study was designed with the objective to evaluate the effect
of split application of soil N.

PROCEDURE : Plots were established at the Northwest Experiment Station, Crookston, MN, and the Mike
Schjeken farm, Sacred Heart, MN. At both locations the Urea Ammonium Nitrate solution (UAN, 28%N) was
used as an N source and knife in between the rows four inches deep at four dates. The NWES dates were
April 27, June 5, June 25, and July 14. Because of rain, the Schjeken farm dates were delayed May 5,
July 2, July 24, and August 3. The total amount of N applied was 80 1b A-l. The soil tests were 41 and
43 NO3~-N (0-2') A-l at MWES and Schjeken location, respectively. KW 3265 was planted April 28 (NWES)
and May 5 (So. MN). The treatments (Table 1) were arranged in a randomized complete block design with
four replications. The sugarbeets were harvested September 24 (NWES) and 22 (So. MN) and the quality was
determined at Amerfcan Crystal Sugar's Tare Lab, East Grand Forks, MN.

RESULTS AND DISCUSSION: NWES: The results from Crookston are summarized in Table 1. In 1987 a yleld
andquality response occurred from N fertilization except for K concentration of the brei. There were no
significant differences between the N application treatments for any of the measured variables.

Southern Minnesota: Table 2 11sts the results for 1987. Except for a significant decrease in brei K
concentration, there was no response to the use of nitrogen fertilizer. This was not expected with a
soil test of 43 pounds NO3~-N A-1 1n the 0-2' depth. Significant differences between appiication times
were with root yield and recoverable sugar per acre. The 20-20-20-20 treatment yield was less than the
other treatments. Because of the late application dates, the plants were disrupted by the fertilizer
applicator shanks and caused the lower tonage and sugar yield.

The soil N mineralization for 1987 was greater than in other years. This probably masked the effects of
the fertilization particularly at the later dates.

Please refer to title page of this publication for information regarding application and use of this
article.
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Table 1. Sugarbeet yleld and quality as effected by N applications, NWES, 1987,

Crookston, MN.
Recoverable Anino-
Application Date Yiold Sugar Sugar Sugar/Ton Na K N Index
4/2 6/5 6/25 7/14 T/A % 1b/A 1b/Ton ~eeecea ppl=====
0O o0 o 0 15.9 18.1 5358 338 223 1818 273 438
20 20 20 20 19.8 17.2 6257 316 438 1595 370 529
40 40 0 0 20.2 172.7 6607 328 280 1745 330 482
40 0 40 0 19.7 17.6 6374 324 328 1830 345 516
40 0 0 40 19.7 186.6 5981 303 393 1835 403 592
0 40 40 0 19.1 18.0 6380 333 303 1775 365 503
0 40 o0 40 19.0 17.2 6004 317 353 1720 333 509
0 0 40 40 19.5 16.9 6041 310 395 1768 385 559
80 0 ¢ 0 20.0 17.6 6454 324 365 1770 360 525
0 8 0 0 19.2 17.3 6156 320 328 1678 325 488
0 0 80 0 19.6 17.7 6370 326 335 1835 363 522
0 o o0 8 13.4 17.6 6293 325 348 1733 345 504
Treatment + NS NS NS NS NS NS NS
Check vs Rest ** ++ ** + * NS * *
c.v.% 8.5 4.1 8.7 5.1 33.0 7.7 19.9 19.6
LSD.05 2.36 1.0 775 24 162 194 100 108
**, * and ++ are 0.01, 0.05, and 0.10 significance levels, respectively.

Table 2. Sugarbeet yleld and quality as effected by N application, Mike
Schjeken Farm, 1987, Sacred Heart, MN.

Recoverable Amnino-
__Application Date Yield Sugar Sugar Sugar/Ton Na K N Index
4/2 6/5 6/25 7114 T/A % 1b/A 1b/Ton  e-eee- ppi-—=--

0o 0 O 0 20.6 14.7 5336 258 243 2615 453 802
20 20 20 20 18.9 14.4 4830 253 243 2368 485 793
40 40 O 0 22.8 15.1 6033 265 253 2595 555 836
40 0 40 0 24.4 15.0 6549 268 203 2300 405 €91
4 0 0 40 21.7 15.3 5975 275 190 2280 380 656

0 40 40 0 22.1 15.0 5875 270 278 2385 430 740

0 40 0 40 21.6 15.2 5830 266 243 2348 493 753

0 0 40 4 24.1 15.2 6554 272 215 2223 438 691
8 0 O 0 20.6 15.2 5573 270 218 2470 413 717

0 80 0 ) 22.4 15.5 6163 275 238 2473 485 752

0 0 8 0 24.5 15.2 6720 274 193 2275 415 678

0 o o0 8o 21.2 14.8 5571 263 180 2270 458 726
Treatment ++ NS * NS NS *= NS NS
Check vs Rest NS NS NS NS NS ** NS NS
c.v.% 11.2 4.4 12.8 5.5 22.3 5.7 16.4 11.2
LSD.05 3.6 0.9 102 21 72 197 107 118

*=® % and ++ are 0.01, 0.05, and 0.10 significance levels, respectively.
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THE EFFECTS OF SULFUR APPLICATION ON SUGARBEET

John A. Lamb, Soil Scientist
Northwest Experiment Station, University of Minnesota

OBJECTIVE: Determine 1f sugarbeets grown 1n Minnesota would respond to sulfur. Earlfer data (15-20
years ago) indicated that no response in yleld occurred when sulfur was applied. The sugarbeet fndustry
has changed since then. Payment on quality, varietal changes, and environmental quality are examples of
these changes. Many questions have arisen about sulfur in the past 2-3 years.

PROCEDURE: This study was conducted at two locations {in 1987, the Northwest Experiment Station and
Southern Minnesota on the Mike Schjeken farm. The sofil characteristics are 1isted in Table 1.

Table 1. Soil characteristics for sulfur study.

Depth NWES So. MN
NO3~-N 0-24" 40 43
NaHCO3 P 0-6" 9 18
K 0-6" 250 473
S 0-6" NA 16 ppm
pH 0-6" 8.1 7.8

Elemental sulfur at rates 0, 25, and 50 pounds per acre was spread and incorporated prior to planting in
the spring of 1987. Four replications in a randomized complete block design were used at both locations.
Maribo 403 was planted April 23 at NWES and May 5 at Southern Minnesota. The plots were overplanted and
thinned back to 125 plants per 100 feet of row. The experiment was harvested and quality run on
September 16 and 22 for NWES and Southern Minnesota, respectively.

RESULTS AND DISCUSSION: The concern about the need of sulfur for sugarbeets has been, for the most part,
unneeded. Tables 2 and 3 1ist the 1987 results. No response for any characteristic occurred. These
results are similar to the 1986 results from NWES. The heavy textured sofls of Minnesota normally have
enough sulfur made available from the organic matter during the growing season to supply the crep. If a
producer was growing sugarbeets on a lower organic matter and sandy textured soii, there may be a cause
for concern. A soil test in this case would help indicate 1f sulfur should be used on a trial basis.
The heavy textured soils, high clay contents, are normally underlayed with gypsum which is CaSO4 and a
good natural source of sulfur.

Please refer to title page of this publication for information regarding application and use of this
article.
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Table 2. Sugarbeet yleld and gquality parameter means and statistical analyses

for sulfur study, NWES, 1987.

Root Recoverable
Sulfur Rate Yield Sugar Sugar___Sugar/Ton
1b/A 1b/A % 1b/A 1b/Ton Index
0 17.7 17.9 5774 328 542
25 17.0 17.7 5513 324 543
50 16.4 17.9 5408 329 515
Statistical Analyses
sulfur NS NS NS NS NS
Linear NS NS NS NS NS
Quadratic NS NS NS NS NS
c.v. % 10.4 2.7 8.1 4.1 11.4

Table 3. Sugarbeet yleld and quality parameter means and statistical analyses
for sulfur study, southern Minnesota, 1987.

Root Recoverable
Sulfur Rate Yield Sugar Sugar _ Sugar/Ton
1b/A 1b/A % 1b/A 1b/Ton Index
0 18.8 16.1 5384 286 757
25 19.1 15.8 5311 279 767
50 19.6 16.1 5627 287 729
Statistical Analyses
Sulfur NS NS NS NS NS
Linear NS NS NS NS NS
Quadratic NS NS NS NS NS
C.v. % 9.0 3.1 9.2 4.0 9.8
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PHOSPHORUS FERTILIZATION ON SUGARBEET

John A. Lamb, Sofl Scientist
Northmest Experiment Station, University of Minnesota

OBJECTIVE: The objective of this study is to gather more soil test information for phosphorus on sugar-
beet. In the economic situation we are currently facing 1n agriculture, a producer must fine tune inputs
into sugarbeet production. To do this the database on which soil test recommendations are made must be
continually under revision. This means continual updating with new varieties and under different
environmental conditions.

PROCEDURE: Five phorphorus rates (0, 20, 40, 60 and 80 1b P05 A-1) were applfed and fncorporated,
spring 1987. Sugarbeet variety KW 3265 was planted 1n four replications April 23, 1987 at the Northwest
Experiment Station. The NaHCO3 P soil test was 9 1b A-l, Nitrogen was applied to all plots at 120 1b
N A-1 (sofl NO3~-N 0-2' + fertilizer N) the previous fall. Plots were thinned to a uniform stand of 125
plants per 100 feet of row. Harvest occurred September 16 and quality determined at the American Crystal
Sugar Quality Lab, East Grand Forks, MN.

RESULTS AND DISCUSSION: The results are 1isted in Table 1. Phosphorus even on a very low soil test did
not effect sugarbeet yleld or quality. This nonresponse 1s somewhat unsettling because under most con-
ditions at a 9 1b A~1 sofl test a response should have occurred. This suggests one of two things: 1) the
sofl test method {s not calibrated well enough for this set of conditions, or 2) the early warm tem-
peratures and above-normal summer temperatures caused the soil organic matter to mineralize P for plant
use. More information is needed to understand the role of organic P in the P nutrition of crops grown in
the Red River Valley.

Table 1. The effect of phosphorus on sugarbeet yield and quality parameters,

NWES, 1987.
Root Recoverable
P Rate Yield Sugar Sugar _ Sugar/Ton
1b P,05/A Ib/A % 1b/A 1b/Ton Index
0 21.9 16.6 6561 300 623
20 22.7 16.7 6796 299 709
40 22.1 16.8 6750 305 593
60 23.3 16.0 6618 285 719
80 23.3 16.8 6996 300 699
Statistical Analyses
Phoshorus NS NS NS NS NS
Linear NS NS NS NS NS
Quadratic NS NS NS NS NS
C.V. % 6.9 3.4 7.1 4.5 12,2

Please refer to title page of this publication for information regarding application and use of this
article.
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HIGH PHOSPHORUS AND POTASSIUM RATES ON CONTINUOUS SPRING WHEAT

J.A. Lamb and T.E. Cymbaluk

OBJECTIVE: This study was designed to determine the effect of P and K rate combinations on spring wheat
yleld, nutrient uptake, and soil test P and K levels over an extended period of time. The P and K rate
combinations used were selected to provide information on response curves and "maintenance” rates for
both elements.

EXPERIMENTAL PROCEDURE: Ten treatments consisting of P and K combinations and applications made to date
are shown in Table 1. Treatments applied 1n the fall of 1986 were broadcast and plowed down. Nitrogen,
as urea, was fall applied at 100 1b N A"l and incorporated with a field cultivator on October 14, 1986.
Marshall wheat was planted on April 15, 1987 and harvested for grain yield on July 24, 1987. Whole
plant samples were taken at soft dough July 6, 1987 for elemental analyses and used to determine forage
ylelds, P, and K uptakes. Soll samples were taken after crop removal to measure the residual effects of
the treatments. The plant samples are in the process of being analyzed at the time of this report so
will not be reported.

Table 1. Phosphorus and potassium treatment combinatfons at Crookston in the high P and K study.

Application Date
Spring 1980 Fall 1980 Fall 1981 Fall 1982 Fall 1983 Fall 1984
Treatment No. Fall 1985 Fall 1986

P205 1b A-l & Ky0 1b A-1

0+ O 0+ 0 0+ O 0+ O 0+ O 0+ O

0 + 100 0 + 100 0 + 100 0 + 100 0+ 100 0 + 100

50 + 100 50 + 100 50 + 100 50 + 100 S0 + 100 50 + 100
100 + 100 100 + 100 100 + 100 100 + 100 100 + 100 100 + 100
150 + 100 0 + 100 0+ 100 150 + 100 0 + 100 0 + 100
160+ O 100+ 0 100+ 0 100+ O 100+ O 100+ O
100 + 50 100 + 50 100+ 50 100+ 50 100 + 50 100 + 50
100 + 150 100+ 0 100+ 0 100 + 150 100+ O 100+ 0
150 + 100 0+ O 0+ O 0+ O 0+ O 0+ O
100 + 150 0+ O 0+ 0 0+ 0 0+ O 0+ O

CWOONOGIEWNME

[

RESULTS AND DISCUSSION: Table 2 1ists the grain yleld, grain protein, soil pH, NaHCO; P, and exchange-
able K for 1987. The grain ylields indicate a significant response to P fertilizer application which has
increased the soil1 test P level in treatments 3 through 10 over check treatments 1 and 2. The soil test
values (0-6") taken after the growing season reflect the elevated P levels. Potassium treatments did not
effect the grain yleld although the treatments have effected the soil test K values. Grain protein was
not effected by the treatments.

Please refer to title page of this publication for information regarding application and use of this
article.
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Table 2. Treatment means and statistical analyses for grain yleld, grain protein content, soil pH,
NaKCO3-P, and exchangeable K in 1987.

Grain Grain pH NaHCO3 P Exchangeable
Treatment No.  Yield Protein 0-6" 0-6" K

bu A-1 % ppM
1 35.4 12.9 8.1 4.7 147
2 37.7 12.8 8.1 4.0 202
3 52.4 12.5 8.1 19.7 189
4 45.7 12.7 8.1 33.0 184
5 49.1 12.4 8.0 16.5 195
6 46.0 12.8 8.1 25.9 130
7 47.6 12.5 8.0 27.4 155
8 48.6 12.0 8.0 39.2 165
9 43.0 13.2 8.1 12.7 135
10 47.8 12.6 8.1 9.9 152

Statistical Anmalyses

TRT * NS NS e bl
C.v. 13.8 5.9 0.6 26.0 8.9
LSD .05 9.1 - - 7.4 21

** and * are 0.01 and 0.05 significance levels, respectively.
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RESIDUAL NITROGEN STUDY AT IAMBERTON

J.A. STARICKA AND W.W NELSON

Objectives: 1) Determine the N-rate response for corn in a comn-soybean rotation under the climatic and
soil conditions in soutlsestern Mimesota. 2) Determine if high rates of nitrogen on com have an

influence on soybean yields the following year,

Methods & Materials: The experiment was initiated in 1984 on a Noxrmania loam. Each plot is 30 by 48’ with
8 replications each arranged in a randomized block design. In 1984, all 8 blocks were planted in com.
Starting in 1985, half the blocks have been in corn, the other half in soybeans, alternating each year.
The treatments consist of six N-rates ranging from O to 400 #/Ac applied side dress as urea during the
comn year. Additional management data is given in Table 1.

Results: Yields are given in Table 2. Because of the amount of data, only treatment averages, versus
individual plot data, will be given here.

In com, there was a significant response to nitrogen each year. The yield of the check treatment
increased each year vhich may be due in part to earlier planting dates each year. Also the N-rate at which
maximum yield was reached decreased each year. The reason for this has not been determined. The highest
corn ylelds were obtained in 1986, the year which had the greatest growing season precipitation (Table 3).

In soybeans, there has not been a response to nitrogen any of the 3 years. Similar to com, highest yields
of soybeans were obtained in 1986.

Soil nitrate samples have been taken each fall in 1-ft increments to 5 foot in the 0, 100, and 400 #V/ac
treatment corn plots (Table 4). Between 1984 and 1985 the nitrate level increased in the 0 to 3-ft depth
of the 0 and 100 #¥/ac treatments but decreased in the 0 to 5-ft depth. The nitrate level increased in all
1-ft increments of the 400 #¥/ac treatment. The nitrate levels in the 1-ft increments below 1 foot varied
greatly between replications in the 400 #N/ac treatment both years.

lplease refer to the title page of this publication for information regarding application and use of
this article.
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Isble la: Corn Msnagement Information
Item 1984 1985 1986 1987
Fall Primary Tillage: Moldboard Soil Saver Soil Saver Soil Saver
Secondary Tillage Type: Disk Twice Digger Twice Digger Twice Disk Twice
Date: 15 & 18 May 10 May 6 & 7 May 23 & 27 April
Seed Hybrid: P 3732 P 3732 P 3732 P 3732
Rate: 26,000 ppa 26,000 ppa 26,000 ppa 26,000 ppa
Date: 18 May 13 May 8 May 29 April
Herbicide Brand: Sutan-Bladex Lasso-Bladex Eradicane-Bladex Eradicane-Bladex
Rate: 2.5 & 1.5 #/ac 2.5 & 1.5 #/ac 2.5 & 1.5 #/ac 2.5 & 1.5 #/ac
Date: 15 May 10 May 6 May 23 April
Table 1b: t_Information
Item 1985 1986 1987
Fall Primary Tillage:  Soil Saver Soil Saver Soil Saver
Secordary Tillage Type:  Digger Twice Disk Twice, Digger Disk Twice
Date: 10 May 7 May 2 May
Seed Variety:  Corsoy 79 Corsoy 79 Hardin
Rate: 63 #/ac 56 #/ac 60 #/ac
Date: 13 May 8 May 4 May
Herbicide Brand:  Treflan-Amiben Treflan-Amiben Treflan-Amiben
Rate: 0.75 & 2.5 #/ac 0.75 & 2.5 #/ac 0.75 & 2.5 #/ac
Date: 10 May 7 May 2 May
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Iable 2; Comn and Sovbesn Yields

Corn Yields — Soybean Yields

N-Rate 1984 1985 1986 1987 1985 1986 1987
..................................... BU/AC ~====evecccacemeccaacaaaaann-

0 42 57 97 116 A 52.9 43.6
50 64 101 131 127 40.5 54.0 45.1
100 77 127 146 138 42.3 52.8 45.3
200 67 130 151 133 43.4 54.1 4.3
300 83 139 148 129 42.7 52.4 45.0
400 88 139 151 132 42.0 53.2 4.9
LSD(5%) 14 17 12 7 NS NS NS

Com yields are average of 8 replications (1984), 4 replications (1985), or 2 samples from
4 replications (1986 & 1987). Soybean yields are average of 2 samples from &4 replications.

1984 1985 1986 1987 27-yr. Avp,

------------------------ incheg -v--ccmcemmcacccnnenn..
April 4.80 4.07 7.58 0.86 2.7
May 2.74 4,46 2.49 2.3 3.2
June 7.92 4.15 3.20 2,02 3.65
July 2.78 2.37 7.21 6.02 4.00
Aug. 2.51 6.15 3. 1.54 2.66
Total __ 20,75 21,20 24,19 12,78 16,27

TIsble 4: Soil nitrate test results,

0 #\V/ac 00 400 #N/ac
Depth 1984 1985 1984 1985 1984 1985
Feet cecccccccmcncnccanee.. PP ---eemmemmmmeerrccoanon
Otol 1.7 2.6 3.2 26 101 27.2
1lto2 0.8 21 1.4 2.8 17.6 23.3
2to3 1.4 1.5 2.3 2.8 8.1 13.7
Jtwia 35 1.7 3.8 22 4.2 121
4tod 4.8 2.0 4.2 2.3 4.6 7.7
Total 122 9.9 149 12.7 446 84.0
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TWENTY-EIGHT YEARS OF FIELD EXPERIMENTATICN WITH

NTTROGEN SOURCE, PLACEMENT, AND TIME OF APPLICATION

TO A WEBSTER LOAM AT THE SOUTHWEST EXPERIMENT STATION
LAMBERTON, ML

J. A. Staricka and W. W. Nelson

(Armmal reports of this experiment have been included in most of the University of Mimnesota Soil Science
Department ’'Blue Books’ and much of this information will not be included here).

The fertilizer treatments have now been applied armmally to the same plot area for 28 years. Each plot is
20’ by 77.5' with the four replications arranged in a randomized block. After ear corn removal and stalk
cutting, the fall treatments are broadcast on their respective plots and the entire area is then moldboard
plowed to approximately 12 inches deep. The fall surface treatments are then broadcast with no further
working of the plow area. Spring treatments are broadcast before seedbed preparations in late April or
early May. The corn is planted in 30-inch rows at a plant population of 26,000 plants/A, using a band
starter fertilizer of 8-24-12 at a rate of 180#/A over the entire experimental area, thus supplying an
additional 14 #N/A to all plots. Sidedress treatments are broadcast in June.

1987 results: The 1987 yields from this experiment are given in Table 1. The one-way analysis of variance
(Table 2) indicates a significant treatment effect. The LSD for yield (95% conf. level) = 12.7 bu/ac.

Also included in Table 1 are the 27-yr averages. (In 1976, mo yields were obtained due to drought, thus
only 27 years of data exist). The overall average corn yleld and the yleld averages for all treatments
were all sbove their corresponding 27-yr average. The trends in yield observed in 1987 follow the trends
of the 27-yr averages closely. The greatest response is to increasing N-rates. There is a moderate
response to delayed application time, with the exception of the fall surface treatments. There is little
difference in yield between ammonium nitrate and urea treatments.

lplease refer to the title page of this publication for information regarding application and use of
this article,
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'l‘ablel Infhaemeofrd.u:omfom, rate, and time of application on grain yield on a Webster loam,

27-yr
Avg,
#W/Ac e Bu/Ac @ 15.5 & moisture ----------
--  Check 98.9 90.1 79.2 9.3 9.1 66.0
40 Amonium Nitrate Fall 132.4 124.9 1090 113.4 119.9 8.4
40 Urea Fall 121.8 111.1 121 18.6 115.9 88.1
40 Ammonium Nitrate ~ Fall Surface  149.3 115.7. 121.9 101L.6 122.1 81.6
40 Urea Fall Surface 117.7 117.5 123.2 111.0 117.4 87.2
80 Amonium Nitrate Fall 135.0 131.8 12724 131.2 131.4 105.0
80 Urea Fall 131.1 123.5 1417  146.7 135.8 104.2
160 Ammonium Nitrate  Fall 144.9 141.0 140.6 1399 141.6 112.1
160 Urea Fall 154.9 138.9 1447 145.0 145.9 114.2
40 Ammonium Nitrate Spring 1.7 109.4 102,5 120.7 11.1 95.6
40 Urea Spring 132.64 1414 1116 1255 127.7 %.1
80 Amoniun Nitrate Spring 136.3 155.1 1329 137.2 140.4 107.7
80 Urea Spring 141.2 132.8 13%.8 147.2 139.0 109.4
40 Amonium Nitrate Side Dress 116.8 121.3  135.7 116.9 122.7 97.9
40 Urea Side Dress 124.0 121.3  129.0 129.0 125.8 98.3
80 Amonium Nitrate Side Dress 128.5 119.4 1425 132.6 130.8 104.0
80 Urea Side Dress 153.9 147.0 138.0 151.2 147.5 112.8
160 Amonium Nitrate Side Dress 151.7 166.7 161.1  158.7 159.6 17.1
Average 132.4 128.3 127.1 129.0 129.2 98.9
LSD (5%) 12.7
Teble 2, One-way analysis of variance,
Sum of Mean
Source DF Squares Squave F-Value _ Probability
Treatment 17 16989 999.4 12.49 0.00
Exror 54 4322 80.0
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WEST CENTRAL EXPERIMENT STATION
WEATHER SUMARY - 1987

— Precipitation Tpeshae =~ 00 _Soil Tapeshee
100-yr. Dev. 100-yr. Dev. (10 cm depth)
Mxth Beriad % __ =&, fiom av, oy —an S av, ¥ Dy =
Jaruary 1-31 0.63 0.68 -0.05 17.9 8.0 +9.9 2%.5 20.7
February 1-28 0.322 0.67 -0.35 29.5 12.8 +16.7 26.7 23.9
March 1-31 1.57 1.13 40.44 32.2 26.7 +5.5 30.0 29.2
april 1-10 T 0.57 -0.57 43.5 38.0 +5.5 37.2
11-20 0.3 0.64 -0.31 55.4 (YA 410  46.0
21-30 0.06 1,05 =0.99 4.6 48,3 +63 512 —_—
Total or av. 0.39 2.26 -1.87 51.2 43.6 +7.6 447 41.4
May 1-10 0.12 0.77 -0.65 60.1 52.0 +8.1 Sh.4
11-20 0.36 0.9 -0.59 62.7 55.8 +6.9 60.2
24-31 254 1,2 41,19 60.3 60.0 +03 589 —_—
Total or av. 2.92 297 - .05 61.0 56.1 +49 57.5 57.1
June 1-10 0.16 1.2 -1.13 65.4 63.0 +2.4 64.6
1-20 1.70 1.30 40.40 7.8 66.3 +5.5 7.2
21-30 001 1,37 =1,36 66.8 68,1 =13 13 -
Total or av. 1.87 3.9 -2.09 68.0 65.8 +2.2 69.7 69.3
July 1-10 0.69 Ll.44 -0.75 68.7 70.1 -1.4 72.7
11-20 0.30 1.06 -0.76 69.8 7.4 -1.6 70.2
21-31 0.82 1.0 =0.19 16,9 4 55 19.6 -
Total or av. 1.81  3.51 -1.70 72.0 70.9 +1.1 74.3 76.7
August 1-10 0.28 1.04 -0.76 70.0 70.4 - 0.4 75.6
11-20 0.67 0.93 -0.26 67.4 69.0 -1.6 72.5
21-31 051 1,04 =0.53 59,9 66.9 =70 650 -
Total or av. 1.46 3.01 -1.55 65.6 68.7 -3.1 70.8 73.9
Septenber 1-30 2.80 2.20 40.69 59.0 59.0 0 60.8 61.5
October 1-31 0.42 17 -1.32 41.7 47.2 -5.5 43.0 47.8
Novenber 1-30 0.82 0.97 -0.15 35.0 29.7 +5.3 35.0 33.6
Decenber 1-31 0.67 0.68 -0.01 20.9 15.2 + 5.7 28.7 3.4
April-Aug. Growing Season 8.45 15.71 -7.26 63.6 61.0 + 2.6 63.5 63.8

Jaruary-Decenber Anrual  15.77 23.78 -8.01 46.2 42.0 +4.2 47.3 46.7
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AIFALFA FERTILITY-MANAGEMENT STUDY
MORRIS, MN 1987

S. D. Evans, C. C. Sheaffer, and G. A. Reginbal

CRIECTIVES: With the newer alfalfa management procedures, higher ylelds have resulted. In many cases
this might put the plant under greater stress, so it is important to investigate the effect of P and K
fertilization on alfalfa yield and stand longevity. Therefore, a study was set up at Morris in 1983 to
investigate the effect of (1) P and K fertilization, (2) alfalfa cutting schedule, and (3) variety on
alfalfa.

MATERTAIS AND METHODS: The experiment was located on a Tara silt loam (Pachic Udic Hsploboroll) site that
tested medium in Bray P (19 lbs/acre) and high in exchangesble K (234 lbs/acre). The experiment was
direct seeded on May 23-24, 1983. The design was a split-split plot with four replications. The main
plots were cutting schedule. The first split was P and K fertilizer and the second split was variety. In
1983 the area was harvested but no ylelds were taken and no fertilizer applied. In 1984-86 the cuttings
were taken as scheduled. Fertilizer was applied by hand after the first cutting except for the 300- and
400-1b K rates where 200 lbs/acre were applied after the first cutting and the remainder after the second
cutting. In the spring of 1987 the plots were evaluated on May 7 and winter injury and percent stand
motes were taken. In 1987 all plots were cut only three times on the 3-cut schedule to measure the
residual effect of previous treatments. Yields were taken with a small flail chopper, weighed and a
moisture sample collected from each plot. Samples of the Answer variety were saved for possible chemical
analysis. The harvest dates in 1987 were June 3, June 30, and August 6. The plots were undercut on
September 22 and a stand count taken.

RESULTS AND DISCUSSTON: The yields for 1987 are given in Tables 1 and 2. The ANOVA results given in
Table 3 show that the cutting schedule from 1984-86 had a highly significant effect on total 1987 yields.
Those on the previous 4-cut schedule at 1/2 bud ylelded only 1.69 tons/acre while those on the 3-cut
schedule at 1/10 bloom yielded 2.98 tons/acre. The variety effect showed up as highly significant with
Vernal outylelding Answer by .19 tons/acre. There was a highly significant effect of fertilizer with both
P and K bringing sbout yield increases. The application of 100 lbs P)YOs/acre doubled the yield over vhere
™ P was applied. The application of 400 1lbs KyO/acre increased the yleld about 30% over the treatment
with no K added. There was some indication of an interaction between cutting schedule and K fertility.
It appears that the treatments that had been on the 3-cut schedule were sble to take better advantage of
the extra P compared to those that had been on the 4-cut schedule, The fertilizer and variety effects on
individual cuttings are shown in Tebles 5 ard 6.

The ANOVA’'s of the injury rating and stand evaluations are given in Table 6. All main effects were
significant and the cutting schedule by variety interaction was significant for the first two variables.
It can be seen in Table 7 that the 4-cut system resulted in a higher injury rating, a lower stand, and a
lower plant count than the 3-cut system. The results of the fertilizer varisble (Table 8) is not
campletely clear. 'The increased P appeared to reduce the injury, the stand, and the plant count. The
addition of K also reduced the injury, but higher stand coxt. It gppears that either the 50- or 100-1b K
rate was sufficient. There was no effect of K on plant cont. In Table 9 it can be seen that Vernal had
a lower injury rating, a higher stand, and a slightly higher plant than Answer.
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Table 1. Effect of cutting schedules, P and K fertilization and varieties on alfalfa yields
at Morris in 1987,

0 200 1.82 1 1.87 0 0.90 1.00 1.43
50 200 3.26 2.87 3.06 1.81 1.75 1.78 2.42
100 200 4.02 3.78 3.9 2.06 2.03 2.05 2.97
30 0 2.59 2.32 2.46 1.55 1.50 1.52 1.99
50 100 3.1 2.91 3.06 1.58 1.40 1.49 2.28
50 200 3.40 3.02 .2 1.97 1.75 1.86 2.53
50 300 3.23 2.79 3.01 2.04 1.58 1.81 2.4
50 400 3.26 3.3 3.28 1.9 1.97 1.96 2,62
Average 3.10 2.86 2.98 1.76 1.61 1.69 2.33
V= 10.6%

*A11 plots were cut only 3 times in 1987. The 3-cut and 4-cut systems were used in 1984,
1985, and 1986.

P05 K20 Vernal Answer
-~ - <--1lb/acre - - - - - - = - Dry Matter (T/acre) -
0 200 1.46 1.41
50 200 2.54 2.31
100 200 3.04 291
0 0 2.07 1.91
50 100 2.40 2.16
50 200 2.69 2.38
50 300 2.64 2.18
50 400 2.61 2.64

»
23
=
%

&

»
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Cutting Schedule (CS) >99
X Treatment (FK) >99
S x K >92
Varlety (V) >99
cSxV 69
KxV 80
SxXK=xV 28

*Probability that differences are not due to chance.

Table 4. Effect of P and K fertilization and variety on alfalfa yields

by individual cuttings in 1987,
3-cut e 4-cut Schedule
Varisble 1st 2nd 3rd 1st 2nd 3rd
-------- signif.level(%)"'--------
K Treatment (PK) >99 >99 >99 98 >09 >99
Variety (V) >89 >89 78 86 98 93
KxV 49 83 69 54 18 84

*+Probability that differences are rot due to chance.

Table 5. EffectofParﬂKfertilizatimarﬂvaﬁetyma]falfachy

3-cut_schedule 4-cut schedule
Varisble st 2nd  3rd st  2nd  3rd
-------- signif. level ()t - - - - - - - -
K Treatment (FK) >99  >99 82 80 >99  >99
Variety (V) 61 77 2 86 85 23
KxV 93 28 9 68 9 63

*Probability that differences are not due to chance.
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Table 6. Effect of cutting schedule, P and k fertilization and varieties

— on alfalfa injury and stands at Morris in 1987,
5-7-87 9-22-87
Varisble Injury Rating? Stand®  Plant Coumt€
----- signif. level* - - - - -

Cutting Schedule (CS) >99 >99 >99
K Treatment (PX) 98 97 >99

cs x KX 60 54 98
Variety (V) 599 >99 >99
cSxV >99 >99 18
KxV 58 75 21
CSxKxV 79 61 92

*+Probebility that differences are not due to chance.

3-cut 5.0 49 18
4-cut 8.0 20 12
Table 8, Effect of P and K fertilization on in 8 at Mo in 108
Fertilizer Rate
_I_’z(?s__z()_.mggtﬂzsQ Stand® ___Ggm.ﬁ?
- - lbj/acre - - <% -
0 200 6.4 41 20

50 200 6.5 35 14
100 200 5.9 37 13

S0 0 7.4 28 14

50 100 6.6 33 15

50 200 6.6 36 15

50 300 6.6 3 11

50 400 6.4 U 14
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2 1= no winter injury, 3= no stand loss but 10-20% of the plants showing
injury, 5= 10-20% of the plants dead, 7= 30-50% of the plants dead,
8= 80-908% of the plants dead.

b percent stand on 5-7-87

¢ nunber of plants in a 20- by 18-inch area on 9-22-87.
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OONTINUOUS OCRN STIAGE
MORRIS, MN 1987

S. D. Evans

OBJECTIVES: This study was initiated in 1965 on a McIntosh silt loam to determine the effect of removal
of contiruous corn silage and fertilizer on com grain and comn silage yields and on soil properties.
Silage yield sanples were collected on all plots and then on half the plots the entire plant was removed
with standard silage harvesting equipment. On the remaining plots shelled com yield samples were
collected and then these plots were harvested with a standard com conbine. Half the plots received a
fertilizer rate of 74 + 48 + 48 (N + Py05 + Ky0 in lbs/acre) and the other half a rate of 148 + 96 + 96,

MATFRTAIS AND METHODS: The experiment is set up as a latin square with 4 treatments: (1) silage, low
fertility, (2) silage, high fertility, (3) grain, low fertility, and (4) grain, high fertility. The
experimental area has been moldboard plowed each fall. In the spring the soil is tilled with a field
cultivator prior to planting. In 1987 the variety used was Dekalb 461 and was planted on April 27 @
24,300 seeds/acre. Thimet was applied in the row at planting at 10 lbs/acre (1.5 lb/acre a.i.). The
fertilizer was all applied the previous fall prior to plowing. lasso @ 3 lbs/acre a.i. + Bladex @ 2.2
Ibs/acre a.i. were applied broadcast on April 28. Silage yields were taken on August 25 and grain yields
on September 23. Yields were also taken as in past years on an adjacent unfertilized area where only the
grain is removed. These check yields are an average from two measured areas.

RESULTS AND DISCUSSION:

Grain and Silage Yields: The silage yields are given in Table 1. The only significant difference in
silage ylelds in 1987 was that grain, high fertility, was lower yielding than all other treatments. This
was ot consistent with other years and there is mo logical explanation. The 22-year average shows no
effect of the silage vs. grain. However, the higher fertility level shows an ircreased yleld owr the low
fertility level. The grain yields for both 1987 and the 22-year average show an advantage for the higher
fertility level.

Soil Test Values: The results of the 1987 soil test values are given in Table 4. There were large
differences in soil P and K levels due to fertilizer treatments. The P levels on plots receiving only 48
lbs Py0s/acre anmually are in the medium range while plots receiving 9 1bs BOs/acre are in the vexy high
range. Soil test K levels are higher under the high fertility treatmernt and are corsiderzbly higher vhere
only the grain has been removed compared to removing corn silage.

Table 1. Effect of removal of con s or on si elds.
Treatment 1987 Yield 1966-87 Yield
- - - dry matter, tons/acre - - -

Silage, low fertility 7.64 5.45
Silage, High fertility 7.65 5.97
Crain, Low fertility 7.86 5.50
Grain, High fertility 6.73 5.85
Signif. levels (%):

Treatment 93.5 >99

Year - - >99

Treatment x Year - - >99

LSD, treatment (.05) ~ 0.86 0.22
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Treatyent 1987 Yield  __ 1966-87 Yield

Treatment 1987 Yield 1966-87 Yield

Crain 97.7 bu/acre 46.6 bu/acre

Silage 4.28 tons/acre 3.53 tons/acre

Table &4, Soil test results area, Fall 198

Treatment: pl____BrayP OlsenP Fxch K Zinc
----- lbs/acre - - - - - PP

Silage, High fertility
Silage, Low fertilitcy
Grain, Low fertility
Grain, High fertility
Check
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MANURE RATE STUDY
MORRIS, MN 1987

S. D. Evans, P. R. Goodrich, G. L. Malzer and R. C. Mmter

OBJRCTIVES: This study was initiated in 1972 to investigate the effect of application of three rates of
solid and liquid beef mamure on corn growth and soil properties. The mamure treatments were compared to
commercial fertilizer and check treatments. Seven fall applications of manume were made from 1972 thru
1978 (application amitted in 1977). Fertilizer was applied to the commercial fertilizer treatment each
year at the same rate. The treatments and abbreviations are as follows:

GEX - K - No fertilizer or marwure

FERTILIZED - FE - 120 + 50 + 50 (N + Pp0s + K90) in 1lbs/acre/year

SOLID BEEF MANURE, RATE 1 - SBL - 33 tons/acre armually (wet weight), total application of

233 tons/acre

SOLID BEEF MANURE, RATE 2 - SB2 - 67 tons/acre armually (wet weight), total application of
467 tons/acre

SOLID BEEF MANURE, RATE 3 - SB3 - 100 tons/acre armually (wet weight), total application of
700 tons/acre

LIQUID BEEF MANURE, RATE 1 - LBl - 4530 gallons/acre annually, total application of 31700 gallons
LIQUID BEEF MANURE, RATE 2 - LB2 - 9060 gallons/acre armually, total application of 63400 gallons
LIQUID BEEF MANURE, RATE 3 - LB3 - 13580 gallons/acre armually, total application of 95100 gallons

MATERTALS AND METHODS: The plots were sampled in the fall of 1986 after com harvest to a depth of 4
feet. Two cores were taken in each plot, separated into l-foot increments and mixed. The samples were
dried at 100oF. The samples were then tested for total inorganic nitrogen, nitrate nitrogen, ad amondim
nitrogen. In the fall of 1986 the plots were moldboard plowed. In the spring of 1987 the area was field
cultivated twice on April 22 and then planted to Pioneer 3790 @ 26,000 seeds/acre on April 23. ‘'Thimet wes
applied @ 10 lbs/acre (1.5 lbs/acre a.i.) in the row to the entire area at platirg. The fertilized plots
had received a broadcast application of 120 + 50 + 50 (N + P05 + Ko0) 1bs/acre on October 29, 1986.
lasso @ 3 lbs/acre (a.i.) + Bladex @ 2.2 lbs/acre (a.i.) were broadcast on April 28. On June 9 plant
heights were recorded and 10 plants were harvested for dry weight determination. leaf samples were
collected at mid-silk and analyzed for a mumber of elements. Silage yields were calculated from two
10-foot rows hand harvested on August 25. Two rows 34 feet long were harvested with a plot conbine on
September 23. Harvest weights were recorded with a weigh cell an the caibire and a grain saiple was saved
for moisture determination in the lab. After grain harvest O to 8-inch soil samples were collected from
all plots for P, K, and Zn detennination. Deep soil samples were then taken for nitrogen analysis. The
cores were separated into 1-foot increments to the 4-foot depth and then into 2-foot increments to the
18-foot depth. An attenpt was made to get two complete cores/plot but rocks and other problems prevented
this on same plots. Except for one plot, this was only a problem below the 12-foot depth. The two cores
were mixed, subsampled, and dried at 100°F,

AND DIS :

Fall 1986 Soil Samples: The results of the nitrate-nitrogen analyses are given in Table 1. There was a
significant treatment x depth interaction. Ievels in the mamumre treatments generally increased with rate
and there tended to be more nitrate-nitrogen at the 4-foot level then higher in the profile. The levels
in all manure treatments except SB3 are not greatly different fram the fertilized treatmert. There was 1o
treatment effect on amonium-nitrogen levels, but the depth effect was highly significant. Levels in the
first foot averaged 11 ppm while the other 3 one-foot increments averaged 2 to 3 ppm.
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Teble 1. EffectofUntypesofcattlenmm‘earﬂoanmrcmlfertﬂizerm&\e

Leaf Tissue Analysis: The nutrient concentration in the ear leaves at silking in 1987 is given in Table
2. There were significant treatment effects on P, K, Mg, Fe, and Zn. Phosphorus levels generally
increased with mamure rate, but SBl and all 1B treatments are slightly below the sufficient level.
Potassium increased with manure and all manre treatments have adequate levels, Magnesium lewvels
decreased with increasing manure rate, but all levels are sufficient. Zinc levels increase with manure
rate, but some treatments are slightly below the sufficiency level of 20 ppm.

Isble 2, Summary of snalysis of com leaves at silking - 1987,
Elements
Treatment N P K Ca Mgz Fe n Cu Mo B
....... % - ® = ® - - - - - .. === o= pm - = e e
X 2.03 0.18 1.75 0.50 0.38 107.9 167 7.4 59.6 5.6
FE 2.87 0.26 2.14 0.63 0.35 112.5 37.7 7.1 1109 5.8
SBl 2.06 021 2.22 0.48 0.28 101.3 18.2 6.1 60.8 5.5
SB2 2.47 025 2.48 0.53 0.24 1219 194 6.3 719 5.2
SB3 2,61 0.27 2,59 050 0.22 7.6 23.6 6.7 72.7 5.3
1Bl 207 019 1.71 0.54 0.40 9%.3 155 6.0 71.1 5.1
LB2 2.27 0.22 1.88 0.5 0.40 103.8 164 6.1 71.1 5.3
LB3 2.27 0.23 2.29 0.47 0.28 109.2 196 6.9 74,7 5.8
Signif. level (%) 86 98 >99 88 >99 98 >99 30 83 70
BLSD (.05) NS 0.06 0.18 NS 0.07 14.3 4.3 NS NS NS
oV (%) 16.1 13,5 5.3 1.4 133 69 12,8 17.0 27.7 6.8

Plant and Yield Measurements: The early plant height, early dry weight, silage yields, and grain ylelds
are given in Table 3, The early heights of the marure treatments were not significantly different from
the fertilized treatment. All heights increased with marure rate, but the SB treatments are taller than
FE and the 1B treatments are shorter than FE. The only marure treatment with an early plant weight below
FE was IBl. The SB2 and SB3 treatments are significantly heavier than FE. Grain yield gererally
increased with manure rate except for IB3. None of the mamure treatments were significantly different in
grain yield from FE. Silage ylelds increased with mamure rate. There was a significant difference
between the silage yield of 1Bl and FE.
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Fall 1987 Surface Soil Samples: The surface soil sample test results are given in Table 4. There was a
tremendous difference in the values by rep. In most cases the soil test values for P, K, and Zn increased
with increasing manure rate. All marnure treatments except LBl appear to have adequate P for marny more
years. The K levels of all manure treatments are adequate, but 1Bl and LB2 will need additional K in ore

or two years. The Zn levels of all SB treatments are adequate, but the lower two LB rates are borderlire
in their Zn levels.

Fall 1987 Deep Soil Samples: The results of the nitrate nitrogen analyses are given in Table 5. There
was a tremendous difference between reps. The FE treatment has the highest levels in the upper 4 feet,
reflecting armual applications. For all manure treatments the levels below the normal rooting depth of
corn are generally far shove those of the fertilized treatment. In most cases the nitmte-nitrogen levels
increase with increasing maruwe rate. The SBl and IBl treatments have levels comparsble to those of FE.
The ammoniun-nitrogen analyses (Tsble 6) are low compared to the nitrate-nitrogen levels. Bwen though the
rep, treatment, and depth effects are significant, the range is below 4 ppm. The nitrate-nitrogen
contents of the 0 to 4-foot and 4- to 18-foot zones are given in Table 7. ‘The SB2, SB3, and LB3
treatments have mich more total nitrate-nitrogen than the FE treatment. In all treatments there is a
considerable amamt of nitrogen below the 4-foot depth and much of this would be unavailable for.com
growth,

Sumary: The effect of 7 applications of two types of cattle mamure from 1972-1978 remains. The lower
rates of both manres were adequate for yields during the application years and for a mumber of years
aftexward. These lower rates also resulted in nitrogen lewels in the subsoil comparable to those
resulting from normal fertilizer practices. Using higher marre rates did not result in higher yields
during the application years, but yields in 1987 of the highest solid beef manure indicated a measursble
response to the residual fertility as compared to the mnomal fertilizer treatment.  However,
nitrate-nitrogen movement below the root zone of corn is much higher with the higher rates of marmre.

Tzble 3 o t ts - 19
Grain Silage

Early Early Moisture Yield Dry Silage  Ear wt.
plant plant(10) at at 15.5% matter at yield asa % of

Treatment height wt t moisture t s
inches -grams-  -%- bu/acre -3-  lb/acre -%-
X 22.8 30.1 23.7 97.2 43,0 10556 52.6
FE 27.4 53.0 21.8 155.5 41.9 17217 55.6
SB1 28.6 60.1 22.8 1441 41.0 15436 54.5
SB2 30.0 72.4 2.7 155.6 4.3 15461 56.3
SB3 34.5 96.5 21.3 171.6 40.2 17605 55.7
1B1 23.6 36.2 22,5 118.2 42.9 11192 54.8
1B2 23.9 50.8 23.0 148.4 42.2 15772 57.2
1B3 27.4 53.3 21.8 141.3 43.3 16260 53.9
Signif. level(s) >99 >99 95 98 81 >99 K)§
BLSD (.05) 5.9 12.5 21 40.0 4 3194 NS
v (%) 11.6 19.4 35.4 14.7 4.1 12.0 5.5
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Table 4, Effect of two types of cattle manure and commercial fertilizer
on P, sof) (0-8") - 198

----Ibs/acre----- pm

x 13 8 23 0.5
FE 31 17 25 2.5
SBL 104 67 514 1.7
SB2 212 29 1037 3.6
SB3 29 24 1323 5.0
1Bl 20 16 259 0.7
1B2 57 40 288 0.9
183 118 82 371 1.5
Signif. level(s)  >99 99 >99 99
BLSD (.05) 81 110 116 0.8
oV (%) 46 n 1% 23

Table 5. Effect of two types of cattle mamure and commercial fertilizer
on_the nitrate-nitrogen levels of a Tara soil - Fall 1987,

DEPTH Treatment
INREMENT (K FE  SBl  SB? SR3 IRl IR? 1IR3 Mesn
- - - e PP N3N - = - - o oo e
0-1 4 31 9 11 16 5 21 16 n
1-2 1 29 3 25 19 1 37 25 22
2-3 1 21 17 33 78 6 20 21 33
3-4 1 13 17 76 75 10 24 26 37
4-6 5 9 17 73 64 11 20 37 30
6-8 8 9 18 39 61 12 21 38 22
8-10 9 7 12 25 37 9 15 25 13
10-12 5 6 8 9 19 6 4 10 6
12-14 3 6 6 5 13 4 1 7 5
14-16 2 4 4 3 10 5 1 6 5
16-18 1 4 10 2 6 5 1 7 6
Mean 4 13 7 34 35 5 15 22
Signif. levels (%)
Replication - >99
Treatment - >99  BISD (.05)-10
Depth - >99  Bisd (.05)-8
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Table 6. Effect of two types of cattle manure and commercial fertilizer
on the ammonium-nitrogen levels of a Tara Soil - Fall 1987,

Signif, levels (s):

Replication - >99

Treatment - 97 (BLSD(.05)-0.6

Depth - >89 (BLSD(.05)-0.4

Trt x Depth - 87
Table Calculated nitrate- tents of various e a Tara 1-

DEPTH Treatment

INRRMENT X FE SB). SB2 SB3 1Bl 1B2 1B3
-ft- e e e e e e e e e ae e NO3-N, lbs/acre - - = = - = = = = = =« - = oo
0-6 48 412 252 872 1008 132 488 500
6-18 276 448 588 1228 1424 372 424 892

Total 324 860 840 2100 2432 S04 912 1392
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RESIDUAL EFFECT OF HEAVY APPLICATIONS OF ANIMAL MANURES ON OORN GROWIH AND YIEID AND ON SOIL. PROPERTIES
MORRIS, MN 1987

S. D. Bvans, P. R. Goodrich, G. L. Malzer and R. C. Munter

OBIECTIVES: This study which was initiated in 1970 was contirnued to measure the residual effect of 1970
and 1971 applications of two types of marure on corn yields and soil nitrogen levels. The total mamure
applications were as follows: Solid Beef Mamwe - 200 tons/acre (wet weight), Liquid Beef Manure -
136,000 gallons/acre, Liquid Hog marawe - 136,000 gallons/acre. The fertilized plots receive the same
aemount of fertilizer armually.

MATFRIALS AND METHODS: The plots were sampled in the fall of 1986 after corn harvest to a depth of 4
feet. Two cores were taken in each plot, separated into 1l-foot increments and mixed. The samples were
dried at 100°F. The samples were then tested for total inorganic nitrogen, nitrate nitrogen, and amonium
nitrogen. In the fall of 1986 the plots were moldboard plowed. In the spring of 1987 the area was field
cultivated twice on April 22 and then planted to Pioneer 3790 @ 26,000 seeds/acre on April 23. Thimet was
applied @ 10 1bs/acre (1.5 lbs/acre a.i.) in the row to the entire area at plantirng. The fertilized plots
had received a broadcast application of 120 + 50 + 50 (N + Py05 + Ko0) lbs/acre on October 29, 1986.
lasso @ 3 lbs/acre (a.i.) + Bladex @ 2.2 lbs/acre (a.i.) were broadcast on April 28. On June 9 plant
heights were recorded and 10 plants were harvested for dry weight determination. Leaf samples were
collected at mid-silk and analyzed for a mumber of elements. Silage yields were calculated from two
10-foot rows hand harvested on August 25. Two rows 110 feet long were harvested with a plot conbine on
Septenber 23, Harvest weights were recorded with a weigh cell on the ombire axd a grain saple was saved
for moisture determination in the lab. After grain harvest 0 to 8-inch soil samples were collected from
all plots for P, K, and Zn determination. Deep soil samples were then taken for nitrogen analysis. The
cores were separated into 1-foot increments to the 4-foot depth and then into 2-foot increments to the
18-foot depth. An attempt was made to get two complete cores/plot but rocks and other problems prevented
this on some plots. This was only a problem below the 12-foot depth. The two cores were mixed,
subsampled, ard dried at 100°F.

RESULTS AND DISCUSSION:

Fall 1986 Soil Samples: The results of the nitrate- and emmonium-nitrogen analyses are given in Teble 1.
There were mno significant differences between the mamme treatments and the fertilized or check
treatments. The nitrate-nitrogen levels increased with depth while the ammoniun-nitrogen levels decreased
with depth.

Leaf Tissue Analysis: The mutrient concentration in the ear leaves at silking in 1987 is given in Table
2. There were significant treatment effects on all elements except Fe, Cu, and B. The N, P, Ca, Mg, Zn,
and Mn levels of leaves from the manure treatments were below those of the fertilized treatment. The
levels of N, P, and Zn were below those considered sufficient for adequate mutrition.

Plant and Yield Measurements: The early plant height, early dry weight, silage yields, and grain yields
are given in Table 3. The early height of all the manure treatments was rot differert from the fertilized
check. Early plant dry weight of the liquid hog manure treatment was significantly different from the
other two mamure treatments and from the fertilized check. The mamne treatments were lower yielding then
the fertilized check, but the only significant difference was between the fertilized check and liquid hog
manure. The manwre treatments were mot significantly different from one amother. Silage yields showed
gbout the same pattern as grain yields with liquid hog manuwre significantly lower in yield than the beef
manure and fertilized treatments.

Fall 1987 Surface Soil Samples: The surface soil sample test results are given in Tsble 4. There was a
tremendous difference in the values by rep. However, all msmme treatments have numerically higher Bray
P, Olsen P, and exchangeable K levels than the fertilized treatment, but in same cases the differences are
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P, Olsen P, and exchangesble K levels than the fertilized treatment, but in some cases the differerves are
ot significant. The zinc levels of the manure treatments are mumerically lower than the fertilized
check, but still in the sufficient range.

Fall 1987 Deep Soil Samples: The results of the nitrate nitrogen analyses are given in Teble 5. As in
the fall of 1986, the only significant effect was depth. Levels increase down to the 6-8 foot zone and
then decrease thru the rest of the profile measured. There seems to be some movement of nitrate-nitrogen
to the bottom of the profile. The ammoniun-nitrogen analyses are given in Table 6. There is a
significant treatment x depth interaction. However, the values are quite low and the maximm range in a
given treatment is only 5 ppm. The calculated nitrate-nitrogen contents (lbs/acre) in Teble 7 show the
fertilized treatment has the most nitrogen in the root zone. Below the root zone of comn the levels in
manure treatments exceed the fertilized treatment from 47% more with liquid hog mamme to 110% more with
solid beef marure, Most of this nitrogen below the 6-foot level is below most corn roots and will
eventually move down to groundwater in years of high rainfall. The only possible way t recover this deep
nitrate-nitrogen would be with a deep rooted crop such as alfalfa.

Sumary: The effect of the 1970-71 mamure application on yleld has decreased to the extent that the
manure treatments are not significantly different from the fertilized treatment or from the check
treatment. There are still significant effects on soil P and K levels and on ear leaf levels of many
mutrients. Nitrate-nitrogen levels are fairly high in the subsoil and considersbly more nitrogen is below
the root zone of corn where it is not avallable to the crop and is in a position for deeper movement to

the grouncwater.

Table 1. Nitrate and ammonium nitrogen values in a 4-foot profile of a Tara Soil 16 years (Fall 1986)
te lica hi, o)

Signif. level (%):
Replication - 53 Replication - 23
Treatment = - 77 Treatment - 64
Depth ->99  BLSD (.05)-3 Depth - >99 BLSD(.05) -1

Trt x Depth - 82 Trt xDepth - 49
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1 S O at si - 198
]

B N 4 K a M E A a M B

......... L Y e e~ - - - -
Check 1.88 0.15 1,51 0.52 0.42 99.6 15.2 7.3 63.5 5.0
Fertilized 2.79 0.25 2.02 0.57 0.37 109.6 38.9 6.7 76.8 5.4
Solid Beef Mamme 1.85 0.19 2.27 0.45 0.22 98.8 16.7 6.5 54.2 5.5
Liquid Beef Marwre 1.81 0.20 2.35 0.47 0.22 98.2 17.8 6.1 51.2 5.5
Liquid Hog Marure 1.79 0.20 2.12 0.52 0.28 89.8 18.1 6.6 51.5 5.6
Signif. level (%) >99 >99 >99 >59 >99 83 >99 32 >99 57
BLSD (.05) 0.51 0.03 0.22 0.05 0.06 NS 3.8 NS 12.1 NS
v (%) 13.1 7.3 5.9 4.9 10.4 8.4 10.1 15.1 10.7 6.8
Isble 3. Sumavy of plant measurements - 1987,

Gh *

Early Early Moisture Yield Dry Silage  Ear wt.

plat plat(l0) a a& bR metter &t yield sasd
Treatment height dry weipht harvest moistire harvest: (DM,) silage

inches - grams - --%-- - buscre - - % - - lb/acre - % -
Check 20.2 23.7 231 82.1 41.6 9388 53.5
Fertilized 29.2 60.5 19.7 146.8 47.6 16845 51.7
Solid Beef Marawe 30,2 57.9 21.5 122.1 42.7 15674 54.2
Liquid Beef Marawe 29,5 57.2 21.5 125.2 43.9 14158 55.0
Liquid Hog Mamure 27.1 47.6 2.1 113.4 4h 4 10465 53.1
Signif. level (%) >99 >99 96 >99 41 >99 57
BLSD (.05) 2.7 9.3 2,1 25.5 NS 3141 NS
o (%) 5.6 10.5 4.9 11.4 10.3 12.6 3.8

Table 4. SoilTestvaluesi.nd'eOmBimhmforP K, arrlminaTaraSoil

0.4

4,0
Solid Beef Manure 130 85 654 1.7
Liquid Beef Marawe 201 159 504 2.0
Liquid Hog Maruwe 91 63 312 2.2
Signif. level (%) 95 >99 >99 >99
BLSD (.05) 136 81 137 0.7

v (%) 70 61 20 20
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Table 5. Nitrate-nitrogen values in an 18-foot profile of a Tara Soil 17 years (Fall 1987)
ter appli of high rates of msmme

Treatment
Solid Beef Liquid Beef Liquid Hog
_Check Fertilized = Marmwe  Marawe  Maure ~~ Mean

E:@’
nB‘

:
g

0-1 4 8 5 5 5 5
1-2 4 17 1 1 1 5
2-3 6 13 1 4 7 6
3-4 4 12 4 10 9 8
4-6 6 17 9 18 8 11
6-8 8 12 18 27 30 19
8-10 6 10 20 22 10 13
10-12 3 7 17 17 8 10
12-14 3 5 11 11 9 8
14-16 4 4 9 8 7 6
16-18 2 3 8 10 5 6
Mean 4 10 9 12 9
Signif. level (%):
Replication - 1
Treatment - 67
Depth - >9  BISD (.05) - 6
Trt X Depth - 81

Table 6. Ammonium-nitrogen values in an 18-foot profile of a Tara Soil 17 years (Fall 1987)

lication o ra marure
Treatment
Depth Solid Beef Liquid Beef Liquid Hog
Increment Check Fertilized Marure Manure - Marure __Mean
-ft- 0 e e e ppm, Np-N = = - - = - = = = = = = = -2 -
0-1 6 8 4 6 6 6
1-2 4 6 3 4 3 4
2-3 4 4 3 5 3 4
3-4 3 3 3 3 3 3
4-6 4 3 3 3 5 4
6-8 5 3 6 4 3 4
8-10 4 3 5 5 3 4
10-12 7 4 5 4 4 4
12-14 6 4 3 4 4 4
14-16 6 4 4 3 4 4
16-18 4 4 7 4 4 )
Mean 5 4 4 4 4
Signif. level (8):
Replication - 95
Treatment -2
Depth - >899  BISD (.05)-1
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Table 7. Calculated nitrate-nitrogen contents of various profile increments of a Tara Soil
in the fall of 1987,

Depth
Jncrement
- ft -
0-6
6-18
Total




60

MANAGEMENT OF BORCN FOR OORN PRODUCTIGN
N TRRIGATED SANDY SOILS IN MINNESOTA

George Rehm, Greg Cremers, Andy Scobbie

Background Justification:

Past research studies with boron in Mimmesota have mot yielded consistent results. Early studies with
alfalfa-grass mixtures in northeastern Mimmesota showed that addition of B to a fertilizer program
increased yields. In amother study in north-central Mirmesota, however, broadcast applications of boron
increased corn yield but had little effect on the yield of alfalfa. Trials at the Sand Plains Irrigated
Field showed that B did not increase yield of corn grown on an irrigated sady soil. So, there was a reed
to examine again the effect of boron applied to cormn grown on an irrigated sandy soil.

Boron, like nitrogen and sulfur, is considered to be mobile in sandy soils. The earlier research cited
above showed that there was substantial dowrsvard movement of applied boron through the soil profile. In
Mirmesota, however, no research efforts have been directed to the development of management systems that
will minimize the loss of applied boron due to leaching.

In past research, the applied boron was broadcast and incorporated before planting. It is possible that
some of the boron applied in this way was lost because of leaching and this might help to explain some of
the erratic responses noted to date. This study was designed to evaluate the effect of rate ad frequercy
of applied boron on the production of com grown on an irrigated sandy soil.

Experimental Procedures:

This study was initiated in 1985 and continued during the 1986 and 1987 growing seasons. This report
sumarizes the research conducted in 1987,

In 1985 and 1986, there was mo grain yield response to applied boron at the Irrigation Research Center at
Staples. 'The soil at the sites used had a mediun level of organic matter and mineralization during the
growing season was thought to have produced adequate amounts of boron for corn growth. A research area
with a very low organic matter level was selected in 1987. Appropriate soil properties are sumarized in
Table 1.

Treatments used in 1987 are listed in Table 2. Except for the one situation where 1 1b. boron per acre
was applied preemergence as part of a split application, all boron was gpplied at either the 4-leaf @ the
presilk stage of growth. Pioneer 3953 com was planted on May 4 at a population of approximately 27,000
plants per acre.

The preemergence application of boron was made on May 5. The 4-leaf application was made on June 18 and
the presilk application on July 20. The boron was supplied as Solubor dissolved in water. Application
rate was adjusted to supply the amount of boron desired.

Prior to planting, 30 1b. N and 80 lb. K O were broadcast and incorporated. The starter fertilizer
supplied 10 1b. N, 20]b.P05,301b.K2taﬂ10]b.Speracte. The additional N (140 1b. Nacxe as &-
0-0) was applied as a si treatment. Eradicane at a rate of 3 quarts/acre was used for weed
contyol. Ear leaf samples were collected at silking and yields were measured in mid-October.

Results and Discussion:

The data collected from the 1987 growing season are summarized in Table 2. In 1987, neither the rate nor
method of application of boron had a significant effect on corn yield. The yields were lower than those



61

reported in past years and would be considered to be low for irrigated corn in the region. These low
ylields, however, were expected because a site with a very low organic matter content (1.0%) was selected.
With this low organic matter content, available water holding capacity was probably reduced. Irrigation
water was applied according to the needs of the remainder of the field which had a higher water holding
capacity. Therefore, the corn in the research area was under moisture stress early in the growing season
and this probably limited yield.

The method of boron application (split vs. single) had no effect on the boron content of the ear leaf
tissue (Table 2). The boron content of the ear leaf tissue did, however, increase with the rate of boron
applied. This increase was linear and would be expected. Although the added boron was absorbed by the
com, it had no impact on yield.

The data collected indicate that adequate boron was supplied by the soil with an organic matter cortent of
1.08 The irrigation water was analyzed and the boron concentration was .0l ppm. Very small amounts of
boron would be supplied with the irrigation water again indicating that this soil was supplying boron in
amounts adequate for a com yield of about 100 bu. per acre.

Table 1. Relevant soil properties for the experimental site
selected in 1987.

pH 6.5
P (Bray & Kurtz #1), 1b./acre 112
K (1N MH,CH.0,), 1b./acre 77
0,5, pind 3 2 ‘
Organic Matter, % 1.0
*B (0-6 in.), ppm .2
B (6-12 in.), ppm 1
B (12-18 in.), ppm .2

* Hot Water Soluble Boron

Table 2. Effect of rate and method of boron application on com
vield and concentration of boren in ear leaf tissue.

Boron

Treatment Yield Concentration

bu. /acre PPR
Control 108.0 4.3
1 1b. boron/acre @ 4-leaf 110.6 6.4
2 1b. boron/acre @ 4-leaf 101.0 8.9
.5 1b. boron/acre @ 4-leaf 107.0 9.0

+
.5 1b. boron/acre @ presilk -
1 1b. boron/acre @ 4-leaf 113.6 7.9
+

1 1b. boron/acre @ presilk
2 1b. boron/acre preemerge 108.1 12.1

+

1 1b. boron/acre @ 4-leaf
+

1 Ib. boron/acre @ presilk
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OORN - SOYBEAN ROTATION
H. Meredith, Mel Weins, Greg Cremers and Andy Scobbie

The irrigated corn-soybean rotation experiment initiated in 1981 at the Staples Station to evaluate
potential corn yields of continuous corm vs corn and soybean yields in rotation continues.

This study applies best management practices available to commercial farmers. The growing season in 1987
was perhaps one of the warmest and hence one of the most ideal corn-soybean years on record.

Special recognition for the assistance and interest by Dr. George Rehm, Greg Cremers and Andy Scobbie.

Table 1. Corn Yield, @ 15.5% Moisture, bu/A, Staples 1987
No Treatment 1981 1982 1983 1984 1985 1986 198

1 Com-Com 151 168 135 130 125 149 170
2 Corn- 151 166 150 128 124 180 18l
3 SB1 -SB,-Com 142

4  Corn-SB-Com 148 123 155
5 SB-Corn-SB 170 140 164

6 SBI SBZ-Corn 173
Yy

_/Pioneer 3902, 90-day R. M. on all treatments except No. 2
Pioneer 3790, 95-day R. M.

Table 2. Soybean Yields, Variety Ozzie, bu/A., Staples 1987

No 1981 1982 1983 1984 19851/ 1986 1987

3 39 47 47 38 36 54
4 49

5 32
6 53

7 33
1/ All soybeans yields averaged through 1985

Table 3. Supportive Information Pertaining to Corn Yields, Staples 1987

Harvest Kermnel Grain Silage Stover Grain/
Population Moisture Yield Yield Yield Stover

No Treatment (x_1000) (QB,O) T/AM T/ADM T/ADM Ratio

1 Corn-Corn 40.2 22.3 4,02 8.08 4,06 .50
2 Corn-Com 39.3 25.1 4,28 7.64 3.36 .56
4 Corn-SB-Com  40.9 20.3 3.67 7.81 4.14 47
6 8.10 4.00 Sl

SBl-SBz-Corn 43.0 21.7 4.10
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Teble 4. Nutrient Removal in Corn Grain, Staples 1987
NSPZOSKZOCaMgFeMnZnOJ.B

-------------------------- IDS/A-=mmoemmmmmmeeemoaae
1 1149 8.1 44.8 31.7 .26 9.2 .19 .04 .20 .008 .021
2 123.3 8.5 S51.1 32.5 .26 9.7 .19 .04 .20 .007 .021
4 112,2 7.7 4.4 29.8 .25 9.3 .20 .04 .20 .007 .015
6 118.5 8.4 51.3 33.4 .2610.0 .21 .04 .20 .005 .083

Treatment No N S P K C Mg Fe Mn Zn COu B

-------------------------- IbS/A=-=vnmmmmmrmemmmemenns

1 196 18 64 275 4 26 47 .57 .43 .04 .10
2 187 17 66 297 47 25 4.4 .57 40 .06 .09
4 185 16 57 288 50 27 40 .55 .52 .04 .08
6 200 18 70 283 51 30 4.3 .58 .46 .03 .08

Table 6. Whole Corn Plant Nutrient Concentration at Silage Harvest, Staples 1987
Ixeatment No, N S P K _Ca Mg Fe Mn 7n Ou B

------------------ LR ERRELEDEL) oo SEEEEEL IS
1 12 11 17 14 29 16 .03 36 27 2.6 6.2
2 1.2 11 .19 1.6 .31 .16 .03 37 27 24 5.8
4 12 10 .16 15 .32 .18 .02 35 34 24 5.4
6 1.2 11 19 14 .32 .18 .03 36 29 10 5.0

Table 7. Comn Leaf Tissue Analysis at Silking, Staples 1987

Treatment
No N § P K Ca Mg Fe Mn 7n Cu B
.............. Brevomnmacccanan ------ppn-------
1 2.8 .21 .25 2.6 .47 .19 .05 58 29 4.8 6.0
2 2.8 .21 .26 2.4 .42 .17 .05 56 32 4.8 5.6
4 2.7 .22 24 2.4 54 .23 .05 63 35 4.8 5.6
6 2.7 .23 .25 2.5 .60 .24 .06 69 30 4.2 5.8
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Table 8. Chemical Analysis of Corn Grain, Staples 1987

Treatment
No, N S P K Mg Fe Mn 7Zn Cu_ B Ca
.......... Frecomemmna -----------ppn.------.----
1 1.4 .10 .24 .33 12 23 46 25 1.0 2.6 33
2 1.4 .10 .26 .32 .11 23 5.0 23 0.8 1.4 31
4 1.5 .10 .26 .3 .13 27 5.2 27 1.0 2.0 34
6 1.4 10 .27 .34 .12 25 5.0 24 0.6 2.2 32

Teble 9. Sequence of events and practices employed during the growing season, Staples 1987

Practice Corm Soybean
DISK 422 4/22
Planting 4/23 5/23
Cultivation 6/8 -
Herbicide 2 1/2# Dual, 2/3# Lorox Amiben 24#/A, 5/26
Insecticides Lorsban 2#/A 4/23

Brergence 5/6 5/29
Tasseling 79 7/30
Silking Complete 7/23 -
Mature 9/1 9/1
Forage Hares 9/8 9/8
Crain Hanes 10/2 10/2
Irrigation 12.4 in, 12.4 in,
Rainfall, 4/27-9/15 12,6 in, 12.6 in.
Crop Water Use 4/27-9/15 18.0 18.0
Fertilization 200-100-400 (NFK) None

10# Zn, 100# S, 1# B

Table 10. Soybean Whole Plant Analysis, Staples 1987

Treatment
—No, N S P K Ca Mg Fe Mn 7n Cu B
................ Rerrmmenccnauan ---.---wn---.-
3 2.8 .20 .34 2.4 .81 .39 .02 53 27 3.2 27
5 2.7 .19 .33 2.5 .99 .39 .03 69 29 3.8 36
7 2.7 19 .32 25 9% .42 .02 57 35 3.8 %




65

Table 11. Soybean Whole Plant Uptake, Staples 1987
Treatment

3 159 11 19 134 45 22 14 .30 .15 .02 .14
5 164 11 20 151 60 24 2.0 .42 .18 .02 .22
7 150 10 18 139 52 23 1.3 .31 .20 .02 .18

Table 12. Concentration of Nutrients in Soybean Grain, Staples 1987

60 .35 .68 21 .14 .26 .01 30 56 5.8
61 .38 .70 21 14 .26 .01 31 57 7.5
60 .37 69 21 .15 .26 .01 30 64 6.8

~N W

Table 13. Soybean Grain Nutrient Uptake, Staples 1987

3 169 9.8 19.2 58.5 4.0 7.2
5 166 10.5 19.0 57.3 3.9 7.1
7 167 10.2 19.0 58.4 4.1 7.2

Table 14. Soybean Trifoliate Leaf Analysis (early pod set), Staples 1987

6.0 .34 .62 2.7 .83 .45 013 8 62 5.2 48
60 .33 .62 2.6 .83 .44 012 8 62 6.5 49
5.8 .33 .62 26 .8 .44 012 8 75 7.0 43

~N U Ww
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IRITICALE - RYE STUDIES
H. Meredith, Mel Weins, Greg Cremers and Andy Scobbie

Triticale is a cross between wheat and rye. The Latin names of wheat and rye - Triticum aestivum and
Secale cereale - are bunched to form triticale. A natural occuring triticale was identified as early as
1875. A successful cross between wheat and rye was made in 1890.

Triticale in essence is an "artificial" gemus canbining the desirable characteristics of wheat and rye
into one new species. Triticales are not hybrids. When a cross between vheat and rye is made, the
progenyorFlplmtissterilebecm:seofdxedifferemein&xectmmnsmnmxberofmeatarﬂrye. Wheat
has 42 chromosomes and rye has 14 chromosomes. The trick is to treat the developing embryo with
colchicine, Allof&xedmamsaresaredabledmﬂdnreaﬂtjngFltriticaleplmtisfertilearﬂhas56
chromosames. Triticales are largely self fertilized and usually breed true from one generation to the
next.

Winter hardiness continues to plague newer triticale varieties and accounts for the low yields of
triticale compared to rye at Staples in 1987,

Both the triticale and rye plots looked excellent through the mild winter of 1986-87. However, a severe
cold spell hit on Maxch 9. 'lhefaxrdaysprecedjng&ﬂsdaterecordedwrperauxehig\sofso 55, 65 ard
onMarch9&\etemperamrehit:71 F. 'nmeni@tofﬁehig\ofn F reached a 1ow of 7° F. The low

tarperaumefor&xermtfqmni@mwass 9, 15 and 15. The soil temperature at both the 4 and 8-inch
dept:hswas% on March 9.

Clearly the plant was off and ruming before being jolted back into winter. The rye plants handled the
abrupt change in temperature but the triticale was visually hurt. It appeared all or most of the above
ground portion of the crop of the triticale was dead while the rye did not appear to be damaged.

The objective of this study is to evaluate new varieties which conbine the potential for high yield
coupled with the requisite winter hardiness,

Table 1. Yield of Rye ard Triticale Staples 1987
Test Wt

No. Variety Crop BwA  Ibs/bu
1 1a2194  Triticale 41.5  49.5

2 Ind2-2-4 " 6.6  49.0

3 Mitzie Rye 79.5  55.2

4  Ind6-6-2  Triticale 41.6  45.2

5  Mitzle Rye 70.3  55.2

6 77.5

Rymin Rye
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Table 2, Nutrient Content of Rye and Triticale Seed, Staples 1987

Variety N S P K Ca Mg Fe Mn 7n Qu_ B
------------ R e S—
Ia2-19-4 2.8 .17 .48 .63 .06 .18 40 53 58 1.4 1.2
Ind 2-2-4 2.4 .16 .45 .57 .07 .18 42 5 55 1.7 1.3
Mitzie 2.0 .14 .40 .58 .05 .15 5L 40 39 2,3 1.4
Ind 6-6-2 2.5 .17 .51 .67 .07 .18 41 60 57 1.9 1.2
Mitzie 20 .14 .41 .58 .05 .15 52 3% 40 2.3 1.4
Rymin 1.9 .14 40 .58 .05 .15 51 36 37 2.2 1.2
Table 3. Nutrient Uptake in Grain of Triticale and Rye, Staples 1987
Variety N S P K Ca Mg Fe Mn 7n Cu B
----------------------- 1bS/Avnmmenmmmmcmeammemnmnn-
Ta 2-19-4 55 3.5 10 13 1.2 3.7 .08 1.2 .12 .003 .002
Ind 2-2-4 64 44 12 16 2.0 4.8 .11 1.4 .15 .005 .003
Mitzie 76 5.6 16 22 2.0 5.9 .20 1.5 .15 .009 .005
Ind 6-6-2 Sl 3.4 10 14 1.3 3.6 .08 1.2 .11 .004 .002
Mitzie 67 4.8 14 20 1.7 5.2 .18 1.2 .14 .008 .005
Rymin 71 5.3 15 22 1.8 5.5 .19 1.3 .14 .008 .005

Table 4. Nutrient Composition of Stxaw of Triticale and Rye, Staples 1987

Variety N __ S P K Ca Mg Fe Mn 2Zn Cu B
................ L bt S e * % SRR R L L L LR
Ta 2-19-4 42 05 06 1.3 .28 07 02 34 14 1.0 2.4
Ind 2-2-4 56 .06 11 15 .41 .10 0. .50 .16 1.3 5.0
Mitzie 41 06 09 1.2 .30 .07 .02 .42 10 1.0 2.2
Ind 6-6-2 43 06 08 14 36 .08 .03 .50 .13 1.2 4.0
Mitzie 46 06 12 13 31 .08 .02 .33 .10 1.0 23
Rymin 48 05 11 14 30 .08 02 .38 .10 1.1 23




68

WATER QUALTTY STUDIES
H. Meredith and Mel Weins

Water quality continues to be a high interest item at this location particularly due to the presence of a
shallow aquifer. Legumes, commercial nitrogen fertilizer, livestock manure and mineralization of soil
organic matter are the four daminant sources of nitrogen which have the potential to affect the nitrogen
level of aquifers.

Table 1. Nutrients in Irrigation Water at the Staples Station, 1987
ms-NPKCgMgNanBm

Location S et PPll-==c-ccoceccmcccconcacaccan
Well B (M) 60 T 19 9 2 17 T T .01 T
Well B (M/R) 62 T 32 10 22 18 T T .02 T
Well B (ST) 53 T 25 17 1 .7 12 T T .15
Well C () 35 T 26 30 2 17 .02 .01 .01 .06
Well D (ST) 40 T 16 38 2 24 T T .01 .10
SE RT (ST) 08 T 12 17 177 14 T T T .05
SW Pit (Rain) T T 20 2 13 1.7 T T T .03

Teble 2. Nutrients in Irrigation Water Expressed in Pounds per Acre based
on 13 inches of Irrigation Water delivered in 1987, Staples

Pounds Per Acre - 13 inches Water
— e
Vell B () 17.6 390
Well B Q{/R) 18.3 260
Well B (ST) 15.6 455
Well C () 10.3 572
Well D (ST) 11.8 520
SE Rt (St) 2.3 273
SW Pit (Rain) T 260
Summary: With high usage of supplemental water less than 20 pounds of nitrogen would be supplied to a

high N use crop such as corn. This value is only slightly higher than the amount of nitrogen supplied by
rainfall.

The deposition of Ca(I)3 equivalent in irrigation water over an extended duration has increased soil pH on
the station fram 5.8 to 7.5 or higher.
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1IPIN BEAN STUDY
H,L. Meredith, Melvin Weins, Greg Cremers and Andy Scobbie

The sweet vhite lupin (Iupinus albus) studies initiated at the Staples Station in 1984 were contirued.
Previous yield data indicated no response to applied fertilizer. In 1987 two sites were planted to lupins
for the fertility evaluation. One site is continuous lupins since 1984 while the second site is planted
to an area following a non-lupin crop. The yield data appear in Table 1.

Table 1. Summary of yields of Lupins 1984 to date, Staples Station, Staples, MN. Yields are based on
13.5 percent moisture and 60 pomd bushel weight.

Yield bu/A '

Treatment 1984 1985 1986 1987

Exp #1 Exp #] Exp #1 Exp #2 Exp #1 Exp #2
1. No Fertilizer 9.1 1.4 40.6 32.0 57.2 61.8
2. S 100#/A 43.2 71.2 44.0 31.7 54.3 62.8
3. S+ 300# K,0 40.5 63.8 40.6 43.3 49.9 61.9
4, S+K+ P 05 39.4 68.8 39.2 40.2 56.6 61.8
5. S+K+P+108m 9.4 64.1 41.8 3.4 47.2 56.3
6. S+K+P+Zn+24#B 41.5 64. 33.8 32.8 54.8 60.8
Experiment #l is located on the same area each year while experiment #2 is planted fo a non-lupin

crop. No significant difference in yield as a response to a fertility treatment have been observed to
date. Observed differences in yield are attributed to population variables.

Table 2. Nutrient content of Lupin Beans, Staples Station, Staples, MN 1987. Experiment #1, continous

lupins.
Treatment N S P K Ca Mg Mo Zn Cu B Fe
............. U - e -ppM- -~
1 5.51 .27 4l 1.11 .26 .20 .106 43.2 3.42 14.6 32.2
2 5.53 .27 41 1.13 26 .20 .092 41.8 3.18 13.8 29.2
3 5.33 .28 4l 1.20 25 .20 105 4.0 3.46 14.5 30.1
4 5.56 29 A 1.28 24 .20 117 45.8 3.72 13.6 33.8
5 5.63 .29 47 1.24 .26 21 .084 41.5 2.49 11.4 30.9
6 5.51 .29 45 1.26 .26 .21 101 55.8 3.37 24.3 4.7
Tsble 3. Nutrient Content of Lupin Beans, Staples MN 1987. Experiment #2 (lst year lupins).
Treatment N S P K Ca Mg Mo Zn Cu B Fe
............. I L L T S S ) e o ® ® ® = = Wn - ® a ® ® ® =
1 5.04 268 529 1.25 .264 202 130 56.1 5.51 19.6 35.6
2 5.06 277 506 1.25 273 203 117 55.8 5.10 19.7 36.5
3 4.97 296 558 1.35 274 211 134 61.2 5.68 18.9 37.6
4 4,84 279 584  1.38 285 214 114 58.8 5.77 19.7 35.4
5 4,82 302 576 1.38 292 218 094 62.7 5.04 19.0 37.4
6 4.85 299 575 1.39 285 211 122 63.4 5.84 25.5 36.0
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Table 4. Lupin Bean (Grain) Nutrient Removal, Staples, MN 1987, Experiment #1, Contiruous Lupins.

Treatment N S P K Ca Mg Mn Zn Gu B Fe
-------------------- IbS/A - - = = = = - - = e e - s e e e st se e

1 163.5 8.11 12,3 32.8 7.81 5.8 312 .128 .010 043 095

2 155.6 7.62 11.6 31.9 7.29 5,61 2.60 118 .009 039 082

3 1379 7.31 10,7 31.2 655 50 271 15 .009 038 078

4 163.4 852 13.0 37.5 7.22 5.81 3.4 134 011 040 099

5 1380 7.12 11.5 30.5 6.49 515 2.06 .102 .006 028 076

6 156.7 8.14 12.8 35.7 7.28 5.87 2.8 .158 .010 069 098

Teble 5. Iupin Bean (Grain) Mutrient Removal, Staples, MN 1987. Experiment #2 (lst year Lupins).

Treatment N S P K Ca Mg Mn n Cu B Fe

------------------- IbS/A = = = = = = = = e e e e e e e e aaa e
1 161.5 8.54 17.0 40.2 8.48 6,51 4.07 180 .018 063 114
2 l64.8 9.03 16.5 409 891 6.61 3.8 181 017 064 119
3 159.6 9.50 179 43.2 8.80 6.77 4.28 196 .018 061 121
4 155.4 8.98 18.7 4.1 9.13 6.87 13.53 188 018 063 114
5 140.6 8.82 16.8 40.3 8,55 6.37 2.75 184 .015 .056 110
6 152.9 9.43 18.2 4.0 8.97 6.68 3.8 201 .018 .081 114

Table 6. Lupin Bean (Grain) Test Weight, Ibs/bu., Staples, MN 1987.

Treatment Exp #] Exp #2
63.1 64.
62.9 64.

64

63

61

64

62.2
62.2
62.4
63.4

[- NN P S VS L
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1UPIN LIME AND SULFUR AMENDED STUDY
H. Meredith, Mel Weins, Greg Cremers and Andy Scobbie

Elemental sulfur (flower of sulfur) and finely ground limestone were applied to lupin plots to determine
effects on concentration and yield of various nutrients in the seed.

Table 1. Nutrient Concentration of ILupins Grown on Lime Amended Soils, Staples 1987.
Treatment 1bs Lime

# Per Acre N S P K _Ca Mg Fe Mn 7n Cu B

---------------- $---mmeemeeenes bR DL LDy os 1 SERELELELEE)
1 0 5.6 .27 40 1.1 .26 .20 32 88 45 3.0 15
2 500 5.7 .27 43 1.2 26 .21 3% 914 46 3.4 16
3 1000 58 .27 4 1.2 .27 .21 33 93 42 29 15
4 2000 56 .29 W43 1.2 .27 .21 35 97 46 3.6 16

Teble 2. Nutrient Uptske of Iupins Grown on Lime Amended Soil, Staples 1987

-------------------------- IDS/An-nmemmmemmmmmmmm e mm e mmne
1 61 7.8 12 33 7.3 58 .09 2.5 .13 .009 .04
2 42 67 11 3 64 52 .08 24 .12 .008 .04
3 164 7.6 12 33 7.6 59 .09 2.5 .12 .008 .04
4 155 80 12 33 7.4 57 .10 2.7 .13 .010 .%

Table 3. Nutrient Concentration of ILupins Grown on Sulfur Amended Soils, Staples 1987
Treatment Ibs Sulfur

# (S) per acre N S P K Ca Mg Fe Mn 7Zn Cu B

--------------- L L L bttt me-esce-mce-DPM-----c--=
1 0 5.8 .32 40 11 .27 .19 32 931 52 31 18
2 500 5.7 .37 .40 1.2 26 19 33 1138 57 4.4 18
3 1000 58 .38 .40 1.2 .26 .20 32 1010 59 4.0 18
4 2000 5.6 .39 .38 1.2 .29 .18 30 1102 53 40 18
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Table 4. Nutrient Uptake of Lupins Grown on a Sulfur Amended Soil, Staples 1987

-------------------------- Ty
1 68 9.3 12 33 7.8 5.6 .09 26 .15 .009 .05
2 189 120 13 40 85 63 .11 37 .19 .015. .06
3 1% 12.6 13 41 8.7 6.6 .11 3.4 .20 .013 .06
4 195 135 13 41 10.1 64 .11 3.8 .19 .0l .06

Table 5. Yield and Test Weight of Lupins Grown on Lime and Sulfur Amended Plots, Staples 1987

—Sulfin Amended — Lime Amended
Treatment Yield Test Wt. Yield Test Wt.
# bu/A_ 1bs/bu bu/a_ Ibs/ou
1 55.4 63.4 55.2 63.0
2 63.4 63.4 47.6 62.8
3 63.8 63.6 54.6 62.8
4. 67.4 64.6 53.4 62.2

Conclusions: The primary objective was to determine if amendments of lime or sulfur would alter nutrients
accumulated in the seed, especially manganese. It appears concentration of most elements remained
similar. Sulfur uptake and concentration in the seed was increased with addition of sulfur. Boron,

copper, zinc and manganese were increased with the sulfur addition, Potassium uptske appeared to increase
with the sulfur addition as well.

Yield increase appeared to be the most dramatic difference between the two treatments of about 10 bushels
per acre. This may be reflective of the lower pH brought about by addition of the elemental sulfur.

This study will be continued to follow this trend.
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Table 6. Soil Test Data, Staples Station, Staples MN 1987. Experiment #1, Contiruous Lupins

Depth

Ireatment Inches pH P K S

Check 0-6 7.7 80 110 5
6-12 7.6 70 77 6

Sulfur(s) 0-6 7.7 88 102 5
6-12 7.6 74 %0

S+K 0-6 7.2 90 183 4
6-12 6.7 85 83 4

SK+P 0-6 7.6 75 297 5
6-12 7.3 77 263

SKP + Zn 0-6 7.6 137 317 8
6-12 7.6 95 309

SKPZn + B 0-6 7.5 122 420 7
6-12 7.5 87 306

Sulfur: 100 1bs elemental sulfur/A

Potassium: 300 lbs K. O/A

Pmsplwrus 60 1bs MA
10 1bs
Boron. 2 1bs B/A

Table 7. Soil Test Data from Lime Additions, Staples Station, 1987.

Depth

Treatment ___ Tnches pH P K S

Check 0-6 7.5 56 97 6
6-12 7.4 57 78

500# Lime 0-6 7.5 56 131 6
6-12 7.4 54 83

1000# Lime 0-6 7.5 57 86 5
6-12 7.4 55 n

2000# Lime 0-6 7.5 63 102 8
6-12 7.5 59 9%

Teble 8. Soil Tests Data from Sulfur Additions, Staples Station, Staples, MN 1987.

Depth
Ireatment Inches pH P K S
Check 0-6 7.5 67 114 5
6-12 7.2 58 72 5
S00# S 0-6 6.9 55 108 23
6-12 6.8 50 66 13
1000# S 0-6 6.7 55 110 27
6-12 6.8 53 65 21
2000# S 0-6 6.3 63 124 40+
6-12 6.5 53 74 40+

S - elemental sulfur, lbs/A
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SOUTHERN EXPERIMENT STATION
WASECA, MINNESOTA

WEATHER DATA - 1987

Precipitation 3/ Avg. Air Temp. 1/ Growing Degree Daxg,
1987 Normal

Month Period 1987 Normal 1987 Normal
==== inches °F

January 1-31 0.96 0.84 18.0 10.0
February 1-28 0.12 0.99 29.1 16.4
Mﬂrch 1-31 1.23 1099 3508 2706
April 1-30 0.41 2.64 50.0 44,7
May 1-10 0.09 59.1 119.5

11-20 1.10 66.3 157.5

21-31 0.87 63.3 160.0

Total 2.06 3.76 62. 57.7 437.0 334
June 1-10 0.05 69.2 184.5

11-20 1.23 74.5 225.0

20-30 2.20 68.6 186.0

Total 3.48 4.48 70.8 67.1 595.5 518
July 1-10 2.40 71.1 211.0

11-20 2.63 71.3 210.0

21-31 2.24 79.1 300.

Total 7.27 4,02 73.8 71.2 721.5 641
August 1-10 4.06 71.8 205.5

11-20 0.74 70.0 198.0

21-31 0.57 60.6 130.5

Total 5.37 3.99 67.1 68.8 534.0 579
September 1-30 2.03 3.36 61.3 59.8 374.5 311
October 1-31 = 1.76 2.08 42.5 48.9 20.0 38
November 1-30 1.90 1.43 37.0 32.5
December 1-31 2.34 1.02 22.1 18.0
Year Jan-Dec  27.97 30.60 47.6 43.6  2682.5% 2421
Growing
Season May-Sep 20.21 19.61 67.2 64.9 2662.5 2383

éﬁ 30-year normal from 1951 - 1980.
50 to 86°F base, May 1 until first fall frost.
Notes:
1) HhLighest temperature on June l4 and 15 -- 98°,
2) Highest 24-hour precipitation on August 9 -- 1.90",
3) Highest 48-hour precipitation on August 8-9 -- 2,20".
4) Last spring frost -- April 8.
5) First fali frost — October 3.
6) Warmest year since 1939, 5th warmest in 73 years of records.
7) Driest year since 1976.
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NITRATE LOSSES TO TILE DRAINAGE AS AFFECTED BY NITROGEN
FERTILIZATION OF CORN IN A CORN-SOYBEAN ROTATION

Waseca, 1987
Gyles W. Randall, Gary L. Malzer and Brian W. Anderson

Nitrogen (N) losses to tile drainage water have been directly linked to N additions, crop grown, and
soil organic matter level. Research has been conducted on NO. losses to tile water 1in Minnesota
since 1972. This research has focused primarily on the effects of rates and timing of fertilizer N
application and tillage in a continuous corn system. The purposes of this gtudy are to determine the
influence of time of N application and the use of a nitrification inhibitor on NO, movement and

accumulation in the soil, NO3 losses via tile drainage, and yield and N uptake by cgrn grown in a
rotation with soybeans.

EXPERIMENTAL PROCEDURES .

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

Beginning in 1986 corn was planted on one-half of the experimental site while soybeans were planted
on the other half. Thirty two plots (16 with corn and 16 with soybeans) with the most uniform
drainage were selected from the 36 for the primary study. The experimental design consists of a 4 x
4 Latin square where the rows and columns were based on the previous (1977-83) tile flow rates from
each plot. The four basic N treatments (see Table 1) will be applied to the corn phase each year
with the residual effects measured in the soybean phase. Three additional N treatments were repli-
cated four times around the edge of the core 16-tile plot area and were planted to corn. These three
treatments were analyzed along with the other four as a completely randomized design.

Anhydrous ammonia was applied at a rate of 135 1b/A for all N treatments while N-Serve was applied at
0.5 1b/A. Falil treatments were applied on October 21. Average soil temperature at the 4" depth on
that date wes 44°F with an average of 43°F over the following 10-day period. Spring preplant treat-
ments were applied on April 23, The sidedress portion (60%) of the split treatments was applied at
the V-7 stage on June 15.

No primary or secondary tillage was done on the soybean area that was planted to corn in 1987. The
corn area, however, was fall chiseled and spring disked once prior to planting soybeans. Surface
residue accumulation estimated by the line-transect method on April 6 showed an average of 21 and 53%
for the areas that were planted to corn and soybeans, respectively, in 1986. Because of high soil P
and K tests no broadcast nor starter fertilizer was used.

Corn (Pioneer 3737) was planted at 30,800 plants/acre on May 6 with a JD Max-Emerge planter equipped
with waffle coulters. A corn rootworm insecticide was not used. Weeds were chemically controlled
with a preemergence application of Lasso (3.5 1b/A) plus Bladex (3 1b/A).

Soybeans (Hardin) were planted in 30" rows at 9 beans per foot of row on May 6. Weeds were
chemically controlled with a preemergence application of Lasso (3)% 1b/A) plus Amiben (3 lb/A).

Two plots within each of the corn and soybean areas were not planted and were fallowed all summer.
These four fallow plot areas were located on those tile plots that showed greatest water flow vari-
ability (1977-83). The purposes of these plots were to simply check the NO,-N concentrations in the
tile water in a fallow system and to utilize all 36 of the tiled plots; even though these four
historically showed the highest flow variability.

Stand counts were taken at the V-7 stage and plots were thimmed to a uniform population. Eight
randomly selected plants were removed from the center rows at silk initiation (July 16) and were
chopped, dried, weighed and ground for total dry matter accumulation and analyzed for total N

Please refer to title page of this publication for information regarding application and use of this
article.
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concentration. Stover and grain samples were taken at physiological maturity by hand harvesting 30'
of row for stover yields and 60' of row for grain ylelds and moisture. Chemical analyses of whole

plant, stover and grain samples were performed by the Research Analytical Laboratory, University of
Minnesota.

Tile line flow rates were determined daily and were recorded when flow exceeded 10 ml/minute
(0.01"/day). Samples were collected for NO.-N analysis on an every-other-day basis. Periodic
samples were collected for alachlor (Lasso) ana cyanazine (Bladex) amalyses.

Soil samples for NO.-N analysis were taken in l-foot increments to a depth of 8 feet from three corn
plots and three soygean plots on April 9. The same technique was used to sample all corn plots after
harvest on October 13.

RESULTS AND DISCUSSION

Plant

Whole plant N concentration and DM accumulation at the silking stage were greatly increased over the

check by all of the N treatments with little difference among the six N treatments (Table 1). Stover

N concentrations and yield at physiological maturity (PM) were affected similarily by the treatments
2?&b%§ 1). Siight differences in fiual population were significant due to the extremely low CV
1.92).

Table 1. Influence of time of N application and N-Serve on whole plant N,
stover yield, and final population of corn following soybeans.

Whole Plant
N application Silk Stage Stover
Final
Time N=-Serve N DM N Yield Populatio
x g/plt 3 TDM/A pPrA x 10 :

Primary trts

Fall (Oct.) No 1.60 125 .49 2.79 29.2

Fall (Oct.) Yes 1.51 129 .46 3.29 28.8

Spr.ti?pril) Ko 1.52 128 42 2.97 29.6

Spli No 1.59 130 <44 3.19 28.9
Additional trts

Check - .86 96 .31 2,37 30.2

Spr.tiﬁpril) Yes 1.66 134 <54 2.76 29.1

Spli Yes 1.63 130 46 3.12 29.0

Statigtical Analysis

Latin square (Prim. Trts)

Signif., Level (Z): 76 42 68 82 59

cV (%) H 4.5 3.9 .11, 9.6 2.3
Completely randomized (7 trts)

Signif. Level (%): 99 99 99 99 97

BLSD (.05) : .14 8 .11 +36 .9

cv (%) : 7.3 4.6 15.. 8.4 1.9

y 40% preplant + 60% sidedress.

Grain yield, N concentration, and N removal (product of grain yield times N conc.) were all increased
significantly over the comtrol by the N treatments (Table 2). Although statistically not signifi-
cant, yields from the fall applications, regardless of N-Serve, trailed the yields from the spring
and split applications. Silage yields were also increased significantly over the check by all of the
N treatments (Table 2). In addition, the addition of N-Serve to the fall application resulted in a
significant silage yileld increase. Silage yleld differences were not significant among the spring
and split treatments.



7

Table 2. Corn grain and silage production as influenced by time of N application and N-Serve.

N application Grain Total N
Time N-Serve Yield H,0 N N removal Silage uptake
bu/A 3 % 1b/A TDM/A 1b/A
Primary trts
Fall (Oct.) No 179.2 16.8 1.39 117.6 7.52 144.6
Fall (Oct.) Yes 182.3 18.4 1.40 120.5 8.45 150.7
Spr.tiypril) No 184.5 17.5 1.40 121.6 7.78 146.4
Spli No 194.8 17.2 1.34 123.7 8.22 151.5
Additional trts
Check - 106.8 21.3 .98 49.4 5.39 63.9
Spr. f?pril) Yes 191.9 19.7 1.34 122.1 7.92 151.9
Split= Yes 188.7 18.8 1.30 116.0 8.27 144.9

Statistical Analysis

Latin square (Prim, trts)

Signif. Level (%): 73 63 68 59 75 64

cv (%) : 5.6 6.7 3.1 4.0 7.8 4.0
Completely randomized (7 trts)

Signif, Level (%): 99 99 99 99 99 99

BLSD (.05) H 12.8 2.1 .07 8.8 .67 12.6

Cv (2) : 5.5 7.5 4.0 6.0 6.4 6.9
1/

40% preplant + 60% sidedress.

Total N removal in the grain ranged from 116.0 to 123.7 1lb/A but was not different among the six
treatments (Table 2), Nitrogen efficiency (N removed by a treatment -~ N removed in the check ¢+ 135
1b N/A) ranged from 49.3 to 55.0%. Total N uptake by the above-ground portion of the plants ranged
from 144.6 to 151.9 1b/A but was not different among the six treatments. Nitrogen efficiency based
on total plant uptake ranged from 59.8 to 65.24. These efficiency values were quite good comsidering
soybeans were the previous crop.

Total N uptake by the plant prior to silking (Fodder N yield at silking + total N uptake at PM) shows
that from 84 to 94% of the N was accumulated by the plants prior to silking (Table 3). Surprisingly,
the highest amounts of pre-silk accumulation were with the spring and split applications with
N-Serve, NEW N in the grain (assumed to be taken up by the plant after silking and translocated to
the grain) ranged from only 8% to 19%, but because of the high experimental error this difference was
not significant at the P = 90% level, 0Under thege experimental conditions spring and split
applications of N with N-Serve definitely did not lead to greater amounts of late-season N
accumulation.

Water

April through June couditions were dry and warm and resulted in very favorable conditions for soil
mineralization and rapid early season plant growth, July rainfall totaled 7.27" (3.25" above normal)
and recharged much of the soil profile moisture. Rainfall during August was 1,38" above the normal
of 3.99". Tile flow of slightly over 1.5" occurred in the l4-day period from August 3 thru the 17th
(Table 4).

Flow-weighted nitrate-N concentrations averaged from 5.7 to 7.7 mg/L but were not significantly
different for the N treatments (Table 4). These values were quite low probably due to the large
amount of N taken up by the plants as well as the low amount of residual soil N in the profile at the
beginning of the season (Table 5). Nitrate-N losses via the tile lines were almost negligible
(<3 1b N/A). It is interesting to note that average N03-N concentrations were over twice as high
(17.2 mg/L) from the two fallow plots.
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Table 3., Influence of time of N application and N-Serve on time of N uptake.

N application Foddex N Yield atlj Grain N Yield at EM
Time N-Serve Silk PM Total OLng NEwéj NEWQ/
1b N/A X
Primary trts
Fall (Oct) No 128.5 27.0 117.6 101.5 16.1 13
Fall (Oct) Yes 127.3 30.2 120.5 97.1 23.4 19
Spr (April) No 126.5 24.9 121.6 101.7 19.9 16
Spli No 132.0 27.8 123.7 104.2 19.5 16
Additional trts
Check - 55.7 14.5 49.4 41.2 8.2 17
Spr (eyril) Yes 142.0 29.8 122.1 112.3 9.8 8
Split— Yes 135.6 28.9 116.0 106.7 9.3 8
Statistical Analysis
Latin square (Prim. trts)
Signif. Level (%): 58 98 59 64 32 36
BLSD (.05) H - 3.0 - - - -
cvV (2) : 3.6 6.2 4,0 5.1 42, 42,
Completely randomized (7 trts)
Signif. Level (%): 99 99 99 99 80 35
BLSD (.05) : 11.4 6.3 8.8 11.3 - -
cv (2) 3 7.1 16. 6.0 8.9 64. 78.
ij Silk = silk stage, PM = physiological maturity.
OLD N = N in stover at silk - N in stover at PM; the difference is assumed to be
3/ translocated to the grain,.
NEW N = Total N in grain ~ Old N; the difference is assumed to be absorbed from the
; s0il and/or translocated from the roots after silking.

40% preplant + 60% sidedress.

Table 4. Influence of N application time and N-Serve on NO. =N

concentration in NO.-N loss to tile lines. 3
- N Application Tilell NO_-N
Time N-Serve Flow= Concentratio% Loss

acre-inches mg/L 1b N/A

Full No 1.86 6.9 2.49
Fall Yes 1.63 5.7 1.91
Preplant No 1.64 7.3 2.74
Split 9/ No 1.71 7.7 2.64
None (Fallow) = - 1.55 17.2 4,78
1/

2/ Tile flow occurred August 3rd to August 17th.
Average of 2 replicatioms.
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Soil

Nitrate-N amounts in the 0-8' soil profile following soybeans were very low prior to planting
(Table 5)., Higher amounts were found in the area planted to corn in 1986; especially at the 3 to 5'
depth near the tile lines.

Table 5. Nitrate-N in the soil profile in April, 1987 as influenced by previous crop.

Profile 1986 Crop
depth Soybean Corn
feet 1b/A
0-1 34.0 24,3
1"2 905 9.7
2-3 4.1 16.1
3-10 10.0 23-9
4=5 5.1 23.3
5~6 7.3 13.5
6"7 6'9 7.7
7-8 7.5 7.7
Total in
0-5' profile 56.7 97.3
0-8' profile 78.4 126.,2

Residual NO,-N remaining after the 1987 crop was considerably higher than in April (Table 6). The
exact reasoas for this are not clear at this time. Differences among treatments are slight except
that markedly higher levels were found following the split application with N-Serve and in the fallow
plots.

Table 6. Residual NO,~N remaining in the 0-8' soil profile after harvest
us influencgd by time of N application and N-Serve.

Application Time
N=Serve No N-Serve

Profile

depth Fallawl/ Checklj Fall Preplant Split Fall Preplant Split
ft. 1bs NOS-N/A
0-1 85.6 68.8 60.0 69.6 94.0 68.4 55.2 62.4
1-2 63.2 53.6 32.0 43.6 53.6 42.8 39.2 37.2
2-3 62.8 35.2 26.0 28.8 40.8 27.6 26.4 33.6
3-4 48.4 26.8 28. 30.0 36.0 32.0 22.8 26.4
4=5 37.6 28.8 31.2 34.4 33.6 27.2 29.6 25.6
5-6 34.0 37.6 31. 32.8 34.8 30.4 30.0 28.8
6-7 31.2 30.0 29.6 34.0 29.2 30.4 27.2 29,2
7-8 28.8 28.8 28.0 32.4 31.2 30.4 27.6 31.2
Total in 0-8'
profile 392 310 267 306 353 289 258 274

K]
~" Avg., of 2 replications

CONCLUSIONS

Corn yields were improved significantly with all of the N treatments with little difference among the
times of application or the addition of N-Serve. Nitrogen uptake and efficiency were high; however
differences did not exist among the time of application or N-Serve treatments. Approximately 90X of
the N accumulated by the corn was taken up by silking. Tile flow occurred over only a l4-day period
in August. Nitrate-N concentrations and losses in the tile water averaged only about 7 mg/L and
2.5 1b/A, respectively, and were not affected by time of N application. Nitrate-N concentrations in
the tile water from the fallowed plots averaged 17 mg/L. Residual N03 in the soil profile at the end
of the growing season was highest in the fallow plots and in the plots that received the split
application with N-Serve.
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SPLIT APPLICATION OF N FOR
CORN ON A WEBSTER SOIL

Waseca, 1987
G. W. Randall and B. W. Anderson

Improved nitrogen (N) efficiency is a goal of many corn producers because of the enhanced economic
return to their fertilizer dollar. One potential method of improving the efficiency of N is to apply
it closer to the period of greatest demand by the plant. For corn this is the period from three
weeks prior to three weeks after tasseling. Applying N closer to this period limits the potential
for N loss due to leaching or denitrification. Split applications of N have been shown to be quite
beneficial on coarse-textured soils where leaching losses are common. The primary purpose of this
study was to evaluate split applications of N to & naturally, poorly drained Webster clay loam where
leaching is thought not to be a problem.

EXPEKIMENTAL PROCEDURES

A poorly drained Webster clay loam soil with lateral tile lines at 75-foot spacings was the experi-
mental site. Corn, which had been fall moldboard plowed, was the previcus crop. Soil tests of the
gite showed a pH » 6.9, OM = High, Bray P1 = 56 1b/A (VH), and exchangeable K = 461 1b/A (VH).

Sixteen N treatments were applied in a randomized, complete-block design with five repiications
(Table 1). Each plot measured 10' wide (4 - 30" rows) by 60' long. Split treatments consisted of
either a 1/3-rate applied preplant with the remaining 2/3 sidedressed or 2/3 applied preplant and 1/3
sidedressed. Preplant treatments of anhydrous ammonia (AA) and urea-ammonium nitrate solution (UAN)
were applied on April 17 and April 22, respectively. Anhydrous ammonia was injected while the UAN
was broadcast applied on the soil surface. The entire experimental area was field cultivated on
April 27,

Corn (Pioneer 3906) was planted at 30400 ppA on May 6. No starter fertilizer was used. Furadan was
used at a rate of 1 1lb(ai)/A to control rootworms. Weeds were chemically controlled with a pre-
emergeuce application of Lasso (3% qt/A) plus Atrazine (3 qt/A). Rootworm and weed control were
excellent,

The sidedress portions of the split treatments were applied at the 8-leaf stage (June 16). The AA
was injected while the UAN was applied either dribbled in bands on the soil surface 12" from the row
or injected 4 to 6" deep using Yetter coulters and thin-profile knives. All plots were cultivated
two days later (June 18) to incorporate the surface-applied UAN. On June 18 and 23, 0.35 and 1.37
inches of rain occurred, respectively, to saturate the surface l-foot for a few days.

Six randomly selected whole plants were harvested from the center two rows at the gilk initiation
stage (July 16), were chopped, dried and weighed for dry matter accumulation, and were analyzed for
total N concentration. Stover and silage yields were obtained at physiological maturity (PM)
(Sept. 3) by hand harvesting 15' of row. Grain ylelds were determined on October 1 by harvesting the
center two rows with a modified JD3300 plot combine. Chemical analyses of the whole plants, stover,
and grain were performed by the Research Analytical Laboratory, Univerasity of Minnesota.

RESULTS

Whole plant N at silking

Distinct N deficiency symptoms were evident on the plants from the control plots at the silking
stage. Whole plant N concentrations given in Table 1 show all N treatments except the 60-1b rate as
UAN (PP) + UAN (SD dribble) with significantly more N than the control. Factorial comparisions of
the treatments show a linear response to N rate when averaged over source-time of application. When
averaged over N rates significantly less whole plant N was found with the split application of 1/3
UAN (PP) + 2/3 UAN (SD dribble) compared to all other N treatments. The significant N rate x method
of application interaction (P = 95%) was due to a general increase in N concentration with increasing
N rate for all methods of application except the split application where AA was the SD gource of N.
Apparently much of this late-applied N had not been absorbed into the plant at this time.

Please refer to title page of this publication for information regarding application and use of this
article.
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Whole plant dry matter at s8ilking

Total dry matter accumulation at silking was increased significantly over the control by some of the
N treatments (Table 1), Factorial comparison of the treatments shows a response through the 120-1b
rate of N when averaged over method of application. Highest DM accumulation occurred with the
preplant AA and the 2/3 AA + 1/3 UAN split treatments.

Table 1. Whole plant N, stover N, stover yield, and final population as influenced by split
applications of N.

Nitrogen Whole plant at silk Stover Final
Rate Tim Source N DM N Yield populatiog
1bN/A 3 g/pl % TDM/A ppA x 10 ~
0 - CHECK =-- .98 116 .37 2,52 27.3
60 PP | AA 1.40 120 .39 3.12 28.1
120 " " 1.50 130 .48 3.66 28.2
180 " " 1.79 121 .63 3.78 27.6
60 1/3PP+2/38D UAN(PP) +AA(SD) 1.52 111 .49 3.00 27.1
120 " " 1.45 133 .48 3.36 27.4
180 " " 1.51 122 .51 3.45 27.4
60 " UAN (PP)+UAN(Drib.SD) 1.04 111 4l 2.40 28.0
120 " " 1.19 118 .38 2.91 27.2
180 " " 1.21 121 .39 2,87 28.1
60 " UAN(PP)+UAN(Inj.SD) 1.45 114 b 2.98 27.6
120 " " 1.58 121 «51 3.22 27.4
180 " " 1.61 120 .53 3.48 26.8
60 2/3PP+1/3SD  AA(PP)+UAN(Drib.SD) 1.52 122 44 3.10 28.1
120 " " 1.60 130 .50 3.20 27.9
180 " " 1.68 131 .52 3.81 27.9
Signif. Level (%):3 99 99 99 99 87
BLSD (.05) H oll. 12. 007 039 -
cV (%) : 8.1 7.1 12 11 2.8
FACTORTAL COMPARISONS
Main Factors
N Rate (1b/A) )
T 60 1.40 115 43 2,90 27.8
120 1.48 123 47 3.27 27.6
180 1.56 126 .51 3.48 27.6
Signif. Level (Z)'zj 99 99 99 99 35
BLSD (.05) : .06 5 .03 «20 -
Method (N Time-Source)
PP ~ AA 1.57 124 .50 3.52 28.0
PP/SD - UAN/AA 1.50 122 .49 3.27 27.3
PP/SD - UAN/UAN (Dribble) 1.15 116 .39 2.73 27.8
PP/SD - UAN/UAN (Inject) 1.54 118 .49 3.22 27.3
PP/SD - AA/UAN (Dribble) 1.60 128 .49 3.37 28.0
Signif, Level (2):37 99 99 99 99 97
BLSD (.05) : .08 7 .04 .25 .6
Interaction Stgnificance Level (1Y
N Rate x Method 95 57 99 32 60

Y PP = preplant, SD = sidedress applied at the 8-leaf stage.

2/ Ap = anhydrous smonia, UAN = 28-0-0, Inj = injected 4 to 5" deep,
Drib = dribbled in a band next to row.

3/ Probability level of significance.
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Stover N

Nitrogen concentrations in the stover at PM were increased linearly by the N rates when averaged over
method of application (Table 1). Lowest stover N concentrations were found with the split
application of UAN when the SD treatment was dribbled on the surface and cultivated in. Stover N
concentrations were not different among the other application methods averaged over N rates. The
highly significant N rate x method interaction was due to no influence of N rate on stover N with the
split applications when UAN was the sole N source compared to the linear effect of N rate with the
other application methods.

Stover Yield

Stover yileld was increased signficantly over the check by all of the N treatments except split
application of UAN that was dribbled on the surface (Table 1). There was a linear effect of N rate
when averaged over methods of application. Stover yields were significantly lower with the split
application of UAN when the SD treatment was dribbled on the soil surface compared to all other
methods of application.

Table 2. Corn grain and silage production as influenced by split applications of N.

Nitrogen ____Grain Silage Total N
Rate Time Source Yield R0 N N Removal Yield Uptake
1b/A bu/A po g ——— 1b/A  TDM/A 1b/A
60 PP AA 118.2 16.9 1.34 75.0 7.04 98.6
120 " " 147.1 18.1 1.49 103.3 7.98 138.5
180 " " 152.9 18.2 1.54 111.6 § 36 159.3
60 1/3PP+2/3SD  UAN(PP)+AA(SD) 130.8 16.5 1.36 84.7 7.24 114.1
120 " " 152.6 16.4 1.44 103.9 8.11 136.6
180 " " 154.8 16.7 1.52 111.6 8.52 147.0
60 " UAN(PP)+UAN (Drib.SD) 98.4 16.5 1.27 59.0 5.66 78.6
120 " " 108.2 16.2 1.28 65.8 6.56 88.2
180 " " 123.1 15.8 1.30 75.4 6.77 95.9
60 " UAN(PP)+ UAN(Inj.SD) 123.3 16.7 1.34 78.1 6.98 104.4
120 " " 148.7 17.0 1.43 100.5 7.72 133.0
180 " " 154.3 17.4 1.47 107.2 8.38 144.2
60 2/3PP+1/3SD AA(PP)+UAN(Drib.SD) 127.5 17.4 1.34 81.0 6.75 106.3
120 " " 146.9 17.8 1.43 99.7 7.52 130.9
180 " " 149.5 18.1 1.55 109.3 8.55 149.2
Signif. Level (2): 99 99 99 99 99 99
BLSD (.0S) : 8.8 1.0 .06 6.7 .76 10
cv (2) s 5.9 4.6 3.6 6.7 8.8 7.8

FACTORIAL COMPARISONS
Main Factors

N Rate glb/Az
60

120 140.7 17.1 1.41 94,6 7.58 125.5
180 146.9 17.2 1.47 103.0 8.12 139.6
Signif. Level (Z): 99 89 99 99 99 99
BLSD (.05) : 4.0 - .03 3.0 .31 4.4
Method (N Time - Source)
PP/SD - UAN/AA 146.1 16.5 1.44 100.1 7.96 132.6
PP/SD ~ UAN/UAN (Dribble) 109.9 16.2 1.28 66.7 6.33 88.3
PP/SD - UAN/UAN (Inject) 142.1 17.0 1.41 95.2 7.69 127.2
PP/SD - AA/UAN (Dribble) 141.3 17.8 1.44 96.7 7.61 129.6
Signif. Level (2): 99 99 99 99 99 99
BLSD (.05) H 5.2 S .03 3.9 41 5.7
Interaction Significance Level (%)

N Rate x Method 80 68 99 99 8 99
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Final Population

Final populations were not affected by N rate and were only slightly different among the methods of
application (Table 1).

Grain Yield

Grain yields were increased significantly over the control by all N trestments (Table 2). Highest
ylelds were obtained at the 180-1b rate for all application methods. When averaged over N rates, the
highest yield was with the split application of UAN (PP) + AA (SD). This yield was significantly
higher (6.7 bu/A) than with the single PP application of AA. Yields from the split UAN/UAN
(injected) and AA/UAN (dribbled) treatments were not different from the single PP application of AA.
Similar to 1986, yields were about 23% less with the split application of UAN/UAN (dribble) even
though the dribbled SD application was cultivated in 2 days after application. Injecting the side-
dressed UAN significantly improved grain yields over the dribbled application method by 32.2 bu/A.
These results indicate that significant losses of N must have occurred with the dribbled sidedress
application of UAN to the soil surface.

Grain Moisture

Significant differences in grain moisture at harvest occurred among the treatments, but no consistent
trends were established (Table 2).

Grain N

Grain N was increased significantly over the control by 211 of the treatments except all rates of
UAN/UAN (dribble) and was increased linearly at N rates from 0 to 180 1b/A when averaged over methods
of application (Table 2). The split treatment using UAN for both PP and SD applications resulted in
significantly lower N concentrations when the SD application was dribbled. The highly significant N
rate x method interaction was aue to no respongse to increasing N rate with the UAN/UAN (dribble)
treatment while other methods showed increasing grain N with increasing N rates.

Grain N Removal

Grain N removal (product of grain yleld times grain N concentration) was increased significantly over
the check by all N rates (Table 2). Highest N removals were associated with the 180-1b rate for all
methods of application except the UAN/UAN (dribble) treatment. When averaged over N rates, N removal
wae significantly lower with the UAN/UAN (dribble) treatment with little difference among the other
four methods of application.

Nitrogen efficiency based on grain N removal minus that removed by the check averaged 40, 36, and 28%
tor the 60, 120, and 180-1b rates, respectively. When averaged over N rates, methods of application
ranked according to highest efficiency were: split with UAN + AA (40%), single with preplant AA
(37%), split with AA + UAN (372), split with UAN both PP and SD injected (36%), and split with UAN
both PP and SD dribbled (12%). This ranking was identical to 1986.

Silage Yield

Silage ylelds were increased significantly by all N treatments except the 60-1b rate of UAN/UAN
(dribble) and continued to increase up through the 180-1b N rate (Table 2). Application of AA either
all PP or 2/3 PP resulted in yields significantly higher than the other treatments. Lowest silage
yields occurred with the split application of UAN/UAN (dribble).

Total N Uptake

Total N uptake by the corn was calculated by multiplying the stover N concentration times stover
yleld and adding it to grain N removal. Results of total N uptake were almost identical to those of
grain N removal,

Nitrogen efficiency based on total N uptake minus that removed in the check averaged 50, 46, and 38%
for the 60, 120, and 180-1b rates, respectively. When averaged over N rates, efficiency was 51, 52,
15, 47 and 49% for the single PP application of AA, split UAN + AA, split UAN + UAN (dribble), split
UAN + UAN (injected), and split AA + UAN (dribble) treatments, respectively.
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Time of N Uptake

To determine the effect of delayed/split applications of N on the time of N uptake relative to
silking, whole plants (above-ground portions) were amalyzed for total N at the silking stage and at
PM (both grain and stover). Nitrogen uptake at the time of silking was increased over the check by
all N treatments except the 60-1b rate of UAN/UAN (dribble) (Table 3). Pre-silk N uptake was
optimized at the 120-1b rate when averaged over all methods of application. Highly significant
differences in pre-silk N uptake were found among the application methods. Single and split PP
epplications of AA resulted in higher uptake than split applications where UAN was the PP source of
N. This was especially true when UAN was the sole source of N and the SD application was dribbled on
the surface.

Stover N yield at PM was increased over the check by all of the 120 and 180-1b rates except the
UAN/UAN (dribble) treatment (Table 3). Stover N yield was optimized with the 180-1b N rate when
averaged over application methods. Significantly less stover N yield was found for the UAN/UAN
(dribble) application method compared to the other methods. The significant interaction between N
rate and method was due to the lack of rate effect with the UAN/UAN (dribble) treatment in contrast
to the significant rate effect with the other treatments. The difference between N yield at silking
minus that at FM was assumed to be translocated to the grain and is termed OLD N. The amount of OLD
N was increased up to the 120-1b N rate and was affected significantly by method of application
(time~-source). OLD N was significantly higher with the split AA/UAN treatment, intermediate with the
single PP application of AA and split applications of UAN/UAN (inject) and UAN/AA, and significantly
lower with the UAN/UAN (dribble) treatment.

NEW N is assumed to be that N taken up into the above-ground portion of the plant after silking and
is calculated by substracting the OLD N from the total N in the grain at PM (Table 3). New N as a
percent of the total N in the grain averaged 5% from the check treatment. This low amount was due to
the large proportion of soil N taken up prior to silking under very favorable conditions. With
higher than normal rainfall after silking, and a rather large plant biomass, the demand for
additional N post-silk N (NEW N) was high but apparently was not met because of a low pool of
available soil N, NEW N was increased significantly with increasing rate of application and
averaged 3, 13 and 23% with the 60, 120 and 180-1b rates, respectively. The method of application
(time-gource) had a highly significant effect on the time of N uptake. Averaged over N rates, NEW N
ranged from a high of 22% with the UAN(PP) + AA(SD) treatment to a low of 2% with the AA/UAN
(dribble) treatment. Highest NEW N levels were found with the treatments that contained sidedress
applications of AA or UAN injected. 1Injecting the sidedressed UAN resulted in significantly higher
levels of NEW N compared to the dribbled application. Split applications of N resulted in greater
amounts of late-season N uptake (NEW N) than the preplant AA treatment only when AA was the
sidedressed N source. These data further substantiate the poor efficiency of the split applications
of UAN especially when dribbled on the soil surface of these high OM, clay loam soils.

Residual Soil NO,-N

Soil samples were taken in l-foot increments to a depth of 5' from the check plots and all 180-1b N
treatments to determine the effect of method (time-socurce) of N application on the amount of NO, =N
remaining in the soil after harvest. The data shown in Table 4 indicate substantially more NO,-N
left in the 5-foot profile with the single PP application of AA than with any of the split
applications. On the other band, NO,-N amounts remaining from the UAN/UAN (dribble) treatment were
not different from the 0-lb control™ treatment. Part of the reason for the higher concentrations
asgociated with the injected treatment could be due to the soil sampling pattern used. Cores were
taken midway between the rows; the same zone where the AA and UAN were injected. However, one would
think that higher NO,-N concentrations in the injection band would have dimsipated throughout the
profile in the 6-montg interval between application and sampling.

N Recovery

A partial N budget can be obtained by adding the total N uptake shown in Table 2 to the residual
NO,-N shown in Table 4 for each 180-1lb treatment, and then subtracting out the uptake plus residual
from the check treatment. From this one can calculate the percent recovery at the end of the season
by dividing by the rate of N application. At the optimum 180-1b N rate, the percent recovery
averaged: preplant AA (88%), UAN + AA (64%), UAN + dribbled UAN (10%), UAN + injected UAN (58%), and
AA + dribbled UAN (56%).
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(,.\ Table 3, Time of N uptake as influenced by rates and split applications of N.
__Nitrogen stover N vieldl/ __ Grain y vield gy P
Rate Time Source Silk PM Total OLD=" N
Y/ e e 1b N/A i of total
0 - CHECK - 68.4 18.9 51.9 49.5 2.4 5
60 PP AA 103.6 24,2 75.0 79.4 -4.3 -6
120 " " 122.1 35.2 103.3 86.9 16.4 16
180 " " 132.0 47.9 111.6 84.1 27.5 24
60 1/3PP+2/3SD UAN (PP)+AA(SD) 100.7 29.4 84.7 71.2 13.4 14
120 " " 115.5 32.7 103.9 82.9 21.0 20
180 " " 111.4 35.4 111.6 76.0 35.6 32
60 " UAN (PP)+UAN(Drib.SD) 71.9 19.6 59.0 52.3 6.6 10
120 " " 83.1 22.5 65.8 60.6 5.2 8
180 " " 90.2 21.5 75.4 68.7 5.7 6
60 " UAN(PP)+UAN(Inj.SD) 99.9 26.3 78.1 73.6 4.5 5
120 " " 115.9 32.4 100.5 83.4 17.1 17
180 " " 113.1 37.1 107.2 76.0 31.1 29
60 2/3PP+1/3SD AA(PP)+UAN(Drib.SD) 114.2 27.4 81.0 86.7 -5.7 -8
120 " " 127.5 31.7 99.7 95.8 3.8 3
180 " " 135.4 39.8 109.3 95.6 13.8 12
Signif. Level (Z): 99 99 99 99 99 99
BLSD (.05) : 12.7 6.9 6.7 13.4 16.3 19
cV (%) : 10 19 6.7 14,6 103 114

FACTORIAL COMPARISONS
Main Factors

T N Rate (Ib/A)
60

98.0 25.4 75.3 72.6 2.9 3
£ 120 112.8 30.9 94.6 81.9 12.7 13
g 180 116.4 36.6 102.8 79.8 23.2 23
Signif, Level (Z): 99 99 99 98 99 99
BLSD (.05) : 5.8 3.0 3.2 6.6 6.8 7
Method (N Time - Source)
PP - AA 119.2 35.8 96.7 83.4 13.2 12
PP/SD - UAN/AA 109.2 32.5 100.1 76.7 23.3 22
IP/SD - UAN/UAN (Dribble) 81.7 21.6 66.4 60.1 6.6 S
PP/SD - UAN/UAN (Inject) 109.6 31.9 95.2 77.7 17.6 17
PP/SD - AA/UAN (Dribble) 125.6 32.9 96.2 92.7 4.0 2
Signif. Level (X): 99 99 99 99 99 99
BLSD (.05) : 7.3 4.0 4.1 7.7 9.5 10
Interaction Significance Level (Z)
N Rate x Method 28 97 98 8 61 52

Silk = silk stage, PM = physiological maturity.

OLD N = N in stover at silk - N in stover at PM; the difference is assumed to be
translocated to the grain.

NEW N = Total N in grain - OLD N; the difference is assumed to be absorbed from
the soill after silking and/or translocated from the roots.

i
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Table 4. Residual soil NOa-N after harvest in 1987 as influenced by N application method.
Application method ~

Profile Preplant Split Split Split Split
depth Check AA UAN+AA UAN+UAN(D)  UAN+UAN(I)  AA+UAN(D)
feet 1b N03-N/A

0-1 38.4 53.6 47.2 32.8 47.2 43.2

1-2 13.2 52.4 30.0 10.4 24.8 22.8

2~-3 9.6 20.0 18.0 9.6 13.6 12.8

3-4 10.0 12.4 13.6 10.8 12.8 11.6

4 -5 12.0 13.6 13.6 12.0 15.2 14.8

Total in

¢,- 5' profile 83. 152. 122. 76. 114. 105.

=180 1b N/A

CONCLUSIONS - 1987

Corn production was improved slightly (6.7 bu/A) in 1987 by the split application of UAN (PP) + AA
(SD) compared to the single PP application of AA, Split applications of N where UAN was the SD
source of N did not improve corn production over the single PP application of AA. Split applications
of UAN where the SD application was injected were superior to the surface dribble applications.
Highest pust-silk uptake (NEW N) of N occurred with the split applications when AA was sidedressed
(22%) and UAN injected (17%). Lowest post-silk N uptake occurred when the sidedressed UAN was
dribbled (9% and 2X). These results indicate greatest production and N efficiency when AA is used
regardless of single or split application or when sidedressed UAN is injected.

THREE-YEAR SUMMARY

Average continuous corn yields for the 3-year period showed a consistent response to N up through the
180-1b rate (Table 5) regardless of application method. At the 60- and 120-1b N rates, slightly
higher yields (5 bu/A), grain N removal, and total N uptake were obtained with the split applicati
of UAN (PP) + AA (SD). This is also shown by the higher efficiency values based on N removed in th
grain and total N taken up by the plant. There was no difference between the single PP application
of AA and the split application of UAN (PP) + AA (SD) at the optimum N rate (180 1b/A). Split appli-
cation of UAN/UAN when the sidedress application was dribbled on the surface resulted in yield
depressions of 16, 19 and 12% at the 60, 120 and 180-1b N rates, respectively. Based on these
results, sidedresc application of UAN dribbled on the surface and cultivated in at the 8-leaf stage
{5 not recommended on these soils. Sidedress applications at the 8-leaf stage should be injected at
least 4 to 6" deep for maximum benefit.

Table 5. Three-year average grain yield, grain N removal, and total N uptake as influenced by split
applications of N at Waseca.

_ Nitrogen Grain Grain GNRl/ Total N TNUg/
Kate Time Source yield Removal Eff. Uptake Eff.
Ib/A i bu/A 1b/A 1 1b/A b3
0 - CHECK - 68.1 39.1 - 54,2 -
60 PP AA 109.1 65.0 43 85.6 52
120 " " 138.3 90.4 43 117.1 52
180 " " 149.4 107.9 38 145.1 50
60 1/3PP+2/3SD UAN(PP)+AA(SD) 114.0 71.6 54 93.6 66
120 " " 143.4 98.9 50 125.3 59
180 " " 150.8 109.1 39 138.6 47
60 " UAN(PP) +UAN (Drib.SD) 93.6 57.2 30 75.7 36
120 " " 113.7 71.6 27 93.5 33
180 " " 131.7 88.4 27 112.3 32
i} GNR Efficiency = (Grain N Removal - Grain N Removed from check) ¢+ N rate applied.

TNU Efficiency = (Total N Uptake — Total N Removed from check) + N rate applied.

ACKNOWLEDGEMENT &h.)
Sincere appreciation is extended to Pioneer Hi-Bred Intermational for their financial assistance in
this project.




87

(_\\ NITROGEN LOSS TO TILE LINES
AS AFFECTED BY TILLAGE

Waseca, 1987
G. W. Randall and B. W. Anderson

Nitrogen losses to tile lines have been documented in a number of research studies including some
conducted at Lamberton and Waseca, Minnesota. These studies primarily showed that N losses were a
function of the N application rate and amount of precipitation. To some degree the time of
application and crop grown have been shown to influence NO,-N loss tc tile lines. The purpose of
this long-term study is to determine if tillage has an effecé on N utilization, accumulation of NO_-N
in the so0il profile, and cthe subsequent loss of NG3—N to tile lines. 3

EXPERIMENTAL PROCEDURES

A study was initiated in 1975 on a Webster clay loam at Waseca to monitor the movement of N into a
tile line installed in each of 12 plots measuring 45' by 50'. Each plot is enclosed with plastic
sheeting to a 6' depth, Annual N rates of 0, 100, 200, and 300 1b N/A were applied {rom 1975-1979.
No N was applied for the 1980 and 1981 crops. Residual N from N applied over the 5-year period
(75-79) was utilized by the 1980 and 1981 corn crops. Soil samples to 10' and tile water samples
taken in late 1981 showed little remaining evidence of the previous treatments.

In the fall of 1981, eight plots with the most uniform tile flow rates over the 1975-81 period were
selected. Two tillage treatments (fall moldboard plow and no tillage) were replicated four times and
randomized over the previous plot histories. Corn was grown on these plots in 1982 through 1986.
The stalks were chopped in October, 1986 and moldboard plots plowed.

On April 23, 180 1b N/A as ammonium nitrate was broadcast applied to the surface of all plots. The
moldboard treatment was then field cultivated. Corn (Pioneer 3732) was planted on April 27 at a
)uwrlation of 27700 plants/A with a John Deere Max-Emerge planter equipped with ripple coulters.
f rter fertilizer was not used because of the high soil tests. Furadan was applied at 1 1b (ai)/A
.o control rootworms. Weeds were controlled with a preemergence application of Lasso (3% 1b/A) and
atrazine (3 1lb/A) applied May 8. Weed and insect control were excellent. Percent surface residue
was measured on May 15 and averaged 10 and 89Z for the MP and NT systems, respectively.

The leaf opposite and below the ear was taken from 10 randomly selected plants per plot at silking
(July 10) and was analyzed for N. Silage and grain yields were taken at physiological maturity by
hand harvesting 20 and 80' of row, respectively, from each plot.

Tile lines flowed from only August 4 to August 24. When tile lines were flowing, flow rates were
measured daily and samples taken on a daily basis for the first week and then on a M-W~F basis
thercafter for NO3 analysis. All analyses were done by the Research Analytical Lab.

Soil NG.~N in the 0-8' profile was determined from two cores/plot taken in l-foot increments on
October "14, 1987.

RESULTS

Although yields and M removal tended to be consistently higher with the moldboard plow (MP) system
compared to the no tillage (NT) system, differences between the two tillage systems were not sig-
nificant at the P = 90% level (Table 1). Leaf N was not influenced by tillage system but grain N
concentration was significantly higher with MP tillage. The dry conditions during and after planting
resulted in some stand loss with the MP system.

™

flease refer to title page of this publication for information regarding application and use of this
article.




Table 1. Influence of tiliage system on corn production and N utiiization at Waseca in 1987.

Tillage Final Leaf Silage Grain \‘“)
system population N _Yield N uptake Yield N N removal

x10 ~ Z T DM/A  1b N/A bu/A 2 1b N/A
Moldboard Plow 25.1 2.75 8.35 160.2 157.6 1.45 107.8
No Tillage 26.6 2.66 8.43 158.2 152.8 1.36 97.9
Signif. Level (%):%/ 99 50 14 13 41 98 88
CcV (%) : 1.5 6.2 7.3 9.3 7.2 2.2 6.4

y Probability level of significance.

Precipitation for February through June totalled 6.56" below normal and tile water did not flow
during this period. However, rainfall in July and August was 4.65" above normal which resulted in
slightly more than 1.6" of tile flow in August (Table 2). Tile flow was not affected by tillage, but
average NO_~N concentration and total NO.-N loss were slightly higher with the MP system. These
NO.-N concéntrations average 5 mg/L less "than in 1986; perhaps due to the short duration of flow
ahgrcly after the perlud of maximum N uptake by the plants.

Table 2. Influence of tillage system on tile flow, NO.-N concentration and NO.-N loss in 1987.

Tillage Tile Nitrate-N
system flow Concentration™ Loss
acre inches mg/L 1b N/A
Moldboard Plow 1.66 9.2 ‘ 3.76
No Tillage 1.64 7.8 3.19
y Flow-weighted { j

Residual NO.-N in the soil profile at the end of the 1987 growing season showed about 45 1lb/A more N
remaining Jith the MP system (Table 3). The largest differences between the two tillage systems
occurred above 4' where substantially more NO, accumulated with MP, These results are different from
1986 when about 80 1b more N remained urder tae NT system.

Table 3. Influence of tillage systems on residual Noa-N in the soil profile in Oct., 1987.

Profile Tillage System

depth Mb. Plow _ No Tillage
feet ———— N03-N (1b/A) - -
0-1 36.2 18.3
1-2 16.5 7.6
2-3 25.3 11.7
3-4 26.3 16.7
4-5 26.0 24.7
5-6 25.6 26.5
6-7 23.0 26.4
7-8 20.6 22.9
Total (1b N03-N/A 0-8") 199.5 154.8

Eight soil cores per plot were taken on July 28 and divided inmto 0-1", 1-2", 2-4", 4-6", and 6-9"
increments to evaluate the effect of the 6-years of continuous tillage on soil pH, Bray P, and
exchangeable K. Results shown in Table 4 indicate a marked acidification of the surface 1" wikh NT
(pH = 5.2 compared to 6.4 with MP). Some surface accumulation and stratification of P and K also
occurred with NT while a uniform distribution was noted with MP.

Y



89

Table 4. Soil test properties in the 0 to 9-inch profile as influenced by 6 years of continuous

tillage.
Moldboard plow No Tillage

Ext. Exch, Ext. Exch.
Depth pH P K pH P K
inches PpmR Ppm
0-1 . 6.4 30 138 5.2 41 157
1-2 6.5 27 125 6.2 24 137
2-4 6.7 26 131 6.5 22 115
4=6 6.7 26 135 6.4 21 116
6-9 6.7 21 121 6.5 16 107

SIX-YEAR SUMMARY

The cumulative totals for the 6-year period (1982-1987) are shown in Table 5. Corn yilelde over this
period have averaged 7.5 bu/A better with moldboard plow tillage. Approximately 10% more N has been
removed in the grain with moldboard plow tillage. This has been due to both higher yields and
slightly higher grain N concentratione with the moldboard tillage system some years. Even so, very
little difference in applied N removed in the grain exists between the two treatments (50% vs 46% for
MP vs NT, respectively). Even though total water flow and NO3-N lost through the tile lines was
about 7% higher with no tillage, this small difference 1s considered to be insignificant when
congidering tile flow variabllity among the eight plots over this 6-year pericd.

Table 5. Cumulative effects of the two tillage systems over the 6-year period.

Tillage System

Parameter Mb. plow No tillage

Fert. N applied (1b/A) 1080 1080
Corn grain removed (bu/A) 831 786
N removed in grain (1b/A) 544 494
N removed in grain as a percent of

applied N (%) 50 46
Tile flow (acre inches) 58.6 62.7
Nitrate-N lost in tile (1b/A) 140.4 152.5

N lost via tile lines as a percent of
applied N (%) 13 14
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SOIL TEST COMPARISON STUDY
Waseca, 1987
G. W. Randall and B. W. Anderson

Soil testing is one of the best and most economical methods of asgscertaining the nutrient status of
the soil, The test then serves as the basis for fertilizer recommendations for crops. Many private
and public lasboratories provide that service to Corn Belt farmers. The purpose of this study is to
compare the soill analyses and fertilizer recommendations given by five regional laboratories for cornm
production in Southern Minnesota. Working with the laboratories in this comparison study we should
be able to improve and standardize fertilizer recommendations for corn and soybean production.

PROCEDURES

Two experimental sites measuring 150' by approximately 300' were selected for sampling in October,
1979. One of the sites had a history of high P and K fertilization while the other had not received
P or K since 1974, The soil type in the former is a Nicollet clay loam while that im the latter is
primarily Webster clay loam with some Nicollet clay loam. Tile lines spaced at 75' intervals provide
excellent drainage at both sites. Neither site can be irrigated.

Four samples consisting of approximately 35 cores each from a 0-7" depth were taken from each site.
All samples were oven dried at 95°F, crushed and mixed thoroughly. The samples were then subdivided
and sent to five laboratories which test the majority of the soil samples from Southern Minnesota.
The laboratories were: A & L Agricultural Laboratories, Inc., Omaha, NE; Harris Laboratories, Inc.,
Lincoln, NE; Minnesota Valley Testing Laboratories, Inc., New Ulm, MN; AMOCO/Cropmate Co.,
Reinbeck, IA; and University of Minnesota Soil Testing Laboratory, St., Paul, MN. Soil anglyses re-
queated consisted of pH, OM, extractable P, exchangeable K, extractable S and the micronutrients
generally tested by each laboratory. Based on the results from the U of M laboratory these two sites
were then classified as being initially "very high" and "medium-high". The fertilizer recom-
mendations given by the five laboratories were then applied as five treatments in the spring of 1980
for corn. An additional check (no fertilizer) treatment was included in the randomized,
complete-block design with six replications. Each plot measures 15' wide and 55' long.

After the 1980 crop, soil samples (5 cores/plot times 6 replications yielding 30 cores per treatment)
were taken yearly from each treatment and sent to the respective laboratory. This allowed us to
iollow the buildup or decline of nutrients in the soil as affected by the recommendations of a
particuler laboratory over time. After 6 years (1980-85) the '"very high" fertility site was
terminated,

Fertilizer amounts based on the analyses and recommendations from the summer 1986 soil samples were
upplied October 22 to the appropriate plots before chisel plowing. Nitrogen was broadcast applied as
urea on April 22 and incorporated with a field cultivator. These fertilizer recommendations were
based on a corn yield goal of 160 bu/A following soybeans. Corn (Pioneer 3732) was planted in 30"
rows on April 27. Chemical weed control comsisted of 3% qt, Lasso and 3 qt. Bladex/A applied
preemergence to all plots (May 4).

Grain yileld and moilsture were determined by harvesting each plot with a modified JD 3300 plot
combine. Yields were converted to 15.5% moisture.

In August, 1987, 0-7" eoil samples were taken from each treatment and were sent to the U of M
laboratory to determine the effect of the labortories' recommendations on the soil test values at the
conclusion of the 8-year study.

Medium-high testing site

The soil test results and the accompanying recommended fertilizer program of each laboratory are
shown in Table 1. While the numeric values of the four laboratories were somewhat similar the
corresponding interpretation (whether the soil tested high, 1low, medium, deficient ectc.) varied
substantially. Nitrogen recommendations from the three private laboratories were considered
excessive. Phosphorus and K recommendations among the labs were quite different. The Harrie
recommendations continued to be very high. Also, sulfur was recommended by two private labs.

Please refer to title page of this publication for information regarding application and use of this
article.
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Table 1. Soil test results and the recommended fertilizer program from each laboratory on the
wedium-high testing site at Waseca in 1987.

Soil Test Laboratory
Test ASL Harris MVTL Uof M
Soil Test Results~

pH 6.7 6.9 6.3 6.7
pH (buffer) _— — 6.8 —
Phosphorus 22 H 17 D 18 H 16 H
Potassium 208 H 142 D 125 B 117 MH
Organic matter () 5.1H 4,3 A 5.3 H H
Calcium 3060 H 4335 E 5550 -—
Magnesium 555 VH 489 A 775 -
Sulfur 7L 3L 11 H 2L
Iron 61 VH 36 E 24,18 -
Manganese 24 H 15 E 14,9 s ———
Zinc 3.2 H 5.8 E 1.4 H 1.0 M
Copper 1.6 H 1.0 A 1.8 8 -—
Boron 1.4 H — 1.4 8 ———
ENR (1b/A) 100 —-— —— —
C.E.C. (meq/100 g) 20.5 26.2 36.5 ——

1/ All soil test results are stated in ppm unless noted otherwise.

Nutrient ASL Harris MVTL a4 VUof M
~www-~-w- Recommended Fertilizer Program™ —-cev—e--=
Nitrogen 180 1553 198§/ 130
Phosphorus (quq) 55 11 3/ 783/ 10
Potassium (KZO)’ 80 215 72 80
Sulfur 14 20 _— —
Iron - - - -
Manganese - - - —-
Zinc - - - -
Lime (T/A) - - - -

2/ All values indicate pounds of nutrients recommended per acre for a yield goal

/ of 160 bushels of corn per acre.
4 Value includes maintenance recommendation, plus 50% of the buildup recommendation
which was to be applied over a two-year period.

The treatments that received fertilizer ylelded significantly more than the unfertilized check
(Table 2). However, there werec no significant yield differences among the fertilizer treatments
(recommendations). Yields from the plots with the residual fertility remaining from the Cropmate
recommendetions were surprisingly high.



92

Table 2. Effect of fertilizer recommendationgs on corn yield on the medium~high testing site at
Wageca in 1987,

_ Grain
Lab Fertilizer Recomgmendations Yield Moisture
1b/A~ bu/A 3
A&L 180 N+ 55 P+ 80K+ 14 S 163.2 16.1
Harris 155 N+ 110 P + 215K + 20 § 167.9 16.5
MVTL 2/ 198 N+ 78 P + 72K 162.5 15.9
Residual —— 147.2 16.4
Uof M 130 N+ 10P + 80K 164.9 16.0
Check 120.2 17.6
Signif. Level (Z):éj 99 99
BLSD (.05) : 9.1 .5
cv (%) : 5.4 2.8

éﬁ P and K expressed on oxide basis.

3/ Cropmate recommendations applied 1980-86, no fertilizer applied in 1987.
Probability level of significance.

Soil test P and K levels resulting from the laboratories 8-year fertilizer recommendations are shown
in Table 3. Fertilizer P recommendations by all labs increased soil test P over the initial 18 1ib
Bray P,/A. Soil test P was related closely to the amount of fertilizer P applied. Both soil test P
and K were considerably higher for the Harris recommendations. Based on these soil test values and
the amount of PzO applied over the 8-year periocd, 23 1lb P,0./A was required to raise soil test P by
1 1b bray P./A. iecause of substantial year to year soil Ee t K variability, it was not possible to
make this c&lculation for K.

Table 3, Soil tests and the amount of fertilizer applied after 8 years with the four laboratories

recommendations.

Soil Bray Exch, Fertilizer applied
Laboratory pH Ext. P K PO KEO

1b/A 23

A&L 6.6 35 244 535 775
Harris 6.8 62 337 744 1542
MVIL 6.4 35 240 479 585
U of M 6.7 26 246 390 490
Check (No fert.) 6.8 15 211 0 0

——

Initial tests in 1979 were pH = 6.4, P = 18, and K = 294.

SUMMARY - 1987

Substantial differences again existed among the laboratories fertilizer recommendations. High
amounts of P and K were recommended by the Harris lab., Sulfur was recommended by two of the three
private labs.

Differences in grain yield were not observed among the four laboratories' recommendations. Yields
were excellent.

Fertilization resulted in highest profit from the U of M recommendations and no profit from the
Harris recommendations (Table 4). Fertilizer costs ranged from $32/A with the U of M recommendation
to $73/A with the Harris recommendation.
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Table 4. Effect of fertilizer recommendations on yield, value, fertilizer cost and economic return

on the medium-high testing site at Waseca in 1987,

Fercl/

Value
Lab Yield @ 1.52/bu cost Returnzj
bu/A $/A

A&L 163.2 248 52 13
Harris 167.9 255 73 -1
MVTL 162.5 247 57 7
Uof M 164.9 251 32 36
Check 120.2 183 - -

1/

2/ N, .17;.?20 » «223 K,0, .09; S, .16.
Return yiela value @1.52/bu - (fertilizer cost & value of check trt).

1, 1GHT-YEAR SUMMARY

Using May, 1987 prices for each nutrient expressed as dollars/lb as tollows:

Yield responses paid for the fertilizer recommendations made by all four laboratories (Table 5).
However, net return was highest with the lowest cost fertilizer recommendations.

recommendations given by A&L and Harris resulted in lowest economic return.

Table 5.

The higher cost

It 1is interesting to
note the very narrow range in crop value among the four laboratories over this 8-year period (a low
of $2657/A to a high of $2676/A).

Effect of fertilizer recommendations on total crop value, total fertilizer cost and
resulting economics on the medium-high testing site at Waseca from 1980-87.
8-Yr Total
Crop Fertilizer
Lab Valuel/ cost Returnz/
§7A
AL 2657 436 +212
Harris 2676 547 +120
MVTL 2659 344 +306
Uof M 2666 295 +362
Check 2009 0 —

1/ 3.00, 2.40, 3.00, 2.07 and $1.52/bu used for corn in 1980, 1981,
1983, 1985 and 1987, respectively, and 5.50, 6.00 and $4.57/bu
used for soybeans in 1982, 1984 and 1986, respectively, for a

seven-year total crop value.

2/ Return over B-year period = crop value - (fertilizer cost & value

of check treatment).
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CONSERVATION TILLAGE FOR CORN AND SOYBEAN PRODUCTION
Waseca, 1987
G. W, Randall and J. B, Swan
With increasing emphasis on controlling erosion and minimizing energy requirements (time, labor, and
fuel), tillage practices have changed markedly over the last decade. Many of tillage practices have
come to be known as "“conservation tillage". To fit this definition, a tillage practice must leave
30X of the soil surface covered with residue after planting.

EXPERIMENTAL PROCEDURES

To evaluate some of these conservation tillage practices an experiment was started in 1975 with con-
tinuous corn grown on a Webster clay loam at the Southern Experiment Station. Five tillage treat-
ments (no tillage, fall moldboard plow, fall chisel plow, ridge-plant and till-plant [flat]) were
replicated four times. Each plot was 20' wide by 125' long. Tile lines spaced 75' apart run per-
pendicular to the rows in all plots. Beginning in 1979 all plots were split into two, 4-row plots —
one with starter fertilizer and the other without.

After 8 years of continuous corn, soybeans were planted in 1983 to begin a long-term corn-soybean
rotation, Tillage and starter fertilizer treatments remained the same except the till-plant (flat)
treatment was changed to a spring-disk (20" disk blade) treatment (Table 1). Because of incressed
preseure of the grass weeds in the no tillage treatment, all plots were split so that either the
front or rear half received a postemergence application of Poast at a rate of } 1b/A with 1 qt of oil
concentrate,

Ridges for the ridge plant treatment in 1987 were built in June, 1986. After the 1986 corn harvest
stalks were chopped and the moldboard and chisel plow treatments were performed. On May 5 the
moldboard and chisel plow treatments were field cultivated once with the chiseled plots receiving a
prior disking. The spring disk treatment was disked twice. Ridges for 1987 corn were prepared in
October,

Soybeans (Hardin) wers planted in 30" rows at a rate of 200,000 plants/A on May 8. All treatments
except no-till were planted with a John Deere 7100 planter equipped with 2" fluted coulters. B&H
ridge cleaners were attached to the planter for the ridge~plant treatment. Because of high surface
solii density with ro tillage, seeding depth was not adequate with this planter. Thus, a JD 7000
planter was used to get better seeding depth on this tillege treatment. Ten gallons/A of 7~21-7 was
used as the starter treatment,

Broadcast P and K were not applied for the 1987 soybean crop because of very high soil tests. Scil
tests on this site in 1984 averaged: pH = 6.7, Bray, extractable P = 60 1lb/A and exchangeable
K = 424 1b/A. Chemical weed control consisted of 3 1b Akiben and 3% 1b Lasso/A applied preemergence
(May 14). In order to evaluate the effectiveness of the preemergence herbicide application on weed
control, a plastic sheet 18" wide and 6' long was placed between the 4th and 5th rows of each plot
(both Puast and non-Poast) during herbicide spraying to prevent the application of herbicide onto the
soll surface. Weed counts (grass and broadleaf) were taken on June 10 from sprayed and unsprayed
areas. On June 12 one~half of each replicate was treated with a postemergence application of Poast
at & rate of % 1b/A with 1 qt of oil concentrate for grass control. Treatments 2, 3, 4, and 5 were
cultivated on June 18,

Surface residue coverage was measured by the lipe-transect method on April 6 prior to spring tillage
and on May 12 after planting. Yields were taken by combine harvesting the center two rows from each
plot.

Please refer to title page of this publication for information regarding application and use of this
article.
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Statistical interpretation of the data throughout this report is based on the percent probability
(significance levels) of obtaining a response. A significance level of 95 indicates that we could
expect 8 reeal difference to occur 19 times out of 20 and only 1 time out of 20 due to chance. A
significance level below 50 would indicate less than 50:50 odds of being real.

RESULTS

Significant differences in population and soybean yields were found among the tillage treatments
(Table 1). Even though the planters had been previously calibrated to plant about 200,000 seeds/A,
the 1987 populations were considerably higher; perhaps due to slightly smaller soybean seeds. Due to
the density of the surface soil and the dry conditions following planting, plant population with the
no tillage (NT) treatment was significantly lower tham with the other tillage treatments. Even
though a heavier planter was used, seeding depth was rather shallow and germination was not as good.
Starter fertilizer had no effect on plant population, seed moisture, and seed yield.

A significant tillage x Poast interaction was found for seed moisture. Seed moisture at harvest was
slightly lower for the Poast treatment when applied to the NT and spring disk (SD) systems where
grass weed pressure was highest (Table 1). Seed moisture was not affected by Poast in the moldboard
plow (MP), chisel plow (CP), or ridge-plant (RP) systems.

Yields were significantly higher for the moldboard plow (MP) treatment compared to the CP, RP, and SD
treatments when averaged over starter fertilizer and Poast treatments. Identical yields were found
among the CP, RP, and SD tillage systems. Yields with NT were approximately 40% lower than the other
tillage systems, A highly seignificant tillage x Poast interaction existed. Yields from the Poast
application to the NT, SD and CP tillage systems were significantly higher than the non-Poast treat-
ments. This response was directly related to the high incidence of grasses in these tillage systems
compared to the RP and MP systems (Tables 4 and 5). Yields for the NT, CP and SD systems were
inereased 149%, 10% and 12X by the Poast application. Poast applied to the MP and RP systems did not
increase yields by more than 5%. Thus, the primary reason for the reduced yields with NT appears to
be largely due to weed infestation, but other unidentified factors also appear to be having an effect
on yield.

Percent surface residue cover measured before spring tillage showed highest amounts with the NT (98%)
and SD (76%) systems (Table 2). The RP system also had a high level of coverage (56%) and an
intermediate level with CP (25%). Alwost no residue was left on the surface with the moldboard plow
(32). Airter planting, residue coverage decreased substantially with the RP and SD systems. Only the
NT, CP, and RP systems met the strict comservation tillage definition of 30% residue coverage.

The rate of seedling emergence was determined by counting the number of plants whose cotyledons had
emerged in 40'feet of row/plot from the 6th through the 18th day following planting. Emergence as a
percent of final stand, shown in Table 3, indicates a rather slow but fairly uniform emergence among
all tillage systems. Emergence was delayed approximately 1 day with MP. Ninety percent emergence
was reached 12 days after planting (DAP) with the SD system, 13 DAP with the NT, CP and RP systems
and 14 DAP with the MP system,

Weed counts (broadleaf and graes) were taken between the 4th and 5th rows from 1 ft2 sections/plot
from both the previous (1985) Poast and non-Poast sections 26 days after preemergence herbicide
application (Table 4). Weed pressure from broadleaf weeds was not great, as broadleaf weed counts
were low from both herbicide treated and untreated areas. Grasses were controlled extremely well in
the MP and RP gystems and to a lesser degree with CP tillage. Considering the extremely high
population of grasses with NT when no herbicide was used, weed counts were reduced by 85% and 88X,
respectively, with the Lagsso & Amiben combination. Grass weed control was least adequate with the NT
tillage system.

Grass couuts from these 1 ft2? areas were also taken for both the Poast and non-Poast areas that had
been treated in 1983 and 1985. The purpose of these measurements was to evaluate the effact of these
previous applications on the grass pressure prior to Poast application in 1987. Data shown in
Table 5 indicate: (1) a tremendous affect of tillage on grass demsity, (2) a substantial improvement
in weaed control with the preemergence herbicide, and (3) a marked decrease in weed pressure resulting
from the 1983 and 1985 applications of Poast. Even though most farmers would use a herbicide program
for general weed control somewhat similar to the Lasso + Amiben program, it is quite apparent that
post emergence applications of materials such as Poast would be especially helpful for long-term
grass management in the NT and SD tillage systems.
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Table 1. Influence of tillage methods, starter fertilizer and Poast herbicide on soybean production
at Waseca in 1987.

Treatment —— 2/
Starter="  Poast— Seed

Tillage fertilizer herbicide Popula:;gg Moisture Yield
PPA x 10 z bu/A
No tillage S P 8.5 44,2
" s NP 247 8.9 16.8
" NS P 8.5 45.2
" NS NP 205 8.6 19.1
Fall plow, f. cult. s P 8.8 59.1
" " s NP 297 8.8 53.2
" " N§ P 8.4 54.1
" » NS NP 300 8.4 55.9
Fall chisel, d., £. cult. s P 8.4 52.5
" " s NP 300 8.2 49.3
" " NS P 8.5 51.9
" " NS NP 287 8.4 45.9
Ridge plant § P 8.5 51.8
" " ] NP 318 8.4 46.4
" " NS P 8.4 51.4
" " NS NP 292 8.4 51.9
Spring disk (2x) s P 8.5 52.1
" " S NP 283 8.9 47.7
" " NS P 8.4 53.8
" " NS NP 278 8.8 46.6

Individual Factors

Tillage
No tillage 226 8.6 31.3
Fall plow 299 8.6 55.6
Fall chisel 293 8.4 49.9
Ridge plant 305 8.5 50.4
Spring disk (2x) 280 8.7 50.1
Significance Level (%) 2/ 99 54 99
BLSD (.05) : 32 5.1
Starter Fertilizer

Starter 289 8.6 47.3
No starter 272 8.5 47.6
Significance Level (Z):él 89 87 21

Poast Herbicide
Poast 8.5 51.6
No Poast 8.6 43.3
Significance Level (Z):;j 83 99

Interactions Significance Levels (2)3/

Tillage x SF 37 72 33
Tillage x Poast 98 99
SF x Poast 09 60
Tillage x SF x Poast 08 56
cv (%) 11 3.4 10.4

S = gtarter fertilizer used; NS = no starter fertilizer used.
P = Poast herbicide used; NP = no Poast herbicide used.
Probability level of significant difference between means.

rRE
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Table 2. Influence of tillage methods for soybeans after corn on surface residue before spring
tillage and after planting at Waseca in 1987.

Surface Residue

Treatment Before spr. tillage After planting
H 3
No tillage 98 90
Fall plow 3 10
Fall chisel 25 38
Ridge plant 56 37
Spring disk (2x) 76 28
Significance Level (X): 99 99
BLSD (.05) 8 14
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Table 3. Influence of tillege methods on the emergence progress of corn following soybeans at Waseca
in 1986.

Days Post Planting

Treatment . 6 7 8 9 10 11 12 13 14 18
4 emerged

No tillage 0 0 8 23 60 69 83 92 98 100

Fall plow 1 1 10 22 41 52 70 88 97 100

Fall chisel 1 1 15 37 64 74 85 91 96 100

Ridge plant 0 0 7 28 50 63 81 91 97 100

Spring disk 1 1 11 30 62 78 91 96 98 100

Table 4. Weed populations on June 10 as affected by tillage and herbicide for soybeans following
corn at Waseca in 1987.

Berbicidel/ No Herbicide

Treatment Grasses Broadleaves Grasags Broadleaves
plantg/10 8q. ft. ' -

No tillage 78 0 527 1
Fall plow 2 1 15 6
Fall chisel 9 8 126 4
Ridge plant 1 0 2 3
Spring disk 31 5 265 6

fﬁ 3 1b Amiben and 3% 1b Lasso/A, preemergence
Average over 4 replications from both the previous Poast and non-Poast plots

Table 5. Grass populations on June 10 as affegﬁed by previous Poast applications and tillage.

_ Poast No Poast
Treatment Preemerg No Preemer Preeg;rg No Preemerg
Gtasseaalo 8q. ft.
No Tillage 49 267 108 787
Fall Plow 0 11 4 19
Fall Chisel 6 25 11 228
Ridge Plant 0 0 1 4
Spr. Disk (2 X) 16 192 45 338

g Applied in 1983 and 1985.
Avg. of 4 replications.
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SUMMARY - 1987

This was the third crop of soybeans grown following corn in this long~term study with continuous corn
from 1975 through 1982 and soybeans in 1983 and 1985. Surface residues prior to planting were
greater than 507 with the NT, RP, and SD tillage and remained at 30% or greater after planting with
the NT, CP, and RP tillage. Plant emergence among tillage systems was quite uniform with only about
a l-day delay with the MP system due to dry soll surface conditions. Weed pressure was reduced
considerably with the Lasso + Amiben preemergence application, Lowest weed pressure was noted with
the RP and MP tillage systems, Highest weed counts were with the NT and SD systems. Yields averaged
about 5 bu/A higher with MP tillage compared to the CP, RP, and SD systems. Yields were reduced
about 40% with NT. This decrease was most likely due to the high weed pressure. The application of
Poast to the NT, CP and SD treatments increased yields by 149%, 102 and 12%, respectively, but did
not increase yilelds on the MP and RP treatments because of low grass weed pressure.

THIRTEEN-YEAR YIELD SUMMARY

Grain yields were obtained from the five tillage systems where starter fertilizer was used from
1975-1982 (Table 6.) The 8-year average yield shows a 5.3 bu/A yleld advantage for the moldboard
plow over the ridge-plant system. Some of this difference can be attributed to the 17 bushel advan-
tage in 1980 for moldboard plowing. The chisel plow and till-plant (flat) systems showed inter-
mediate ylelds while lowest yields were obtained with no tillage. Weed control was excellent in all
treatments except no tillage., Postemergence herbicides were applied to no tillage in 1979 and 1980
and did provide better weed control.

Four-year data (1979-82) indicate some advantage for the use of starter fertilizer with the chisel
plow (6 bu/A), ridge~plant (5 bu/A) and no tillage systems (5 bu/A). No reason can be given for the
obvious difference in response to starter fertilizer between the no tillage and till-plant (flat)
systems when both treatments represent the most severely reduced tillage systems.

Yields with no tillage continue to be significantly below the other tillage systems since converting
to a corn/soybean sequence (Table 6). Corn and soybean yields in this sequence averaged about 3 and
8% higher, respectively, with the moldboard plow system compared to the chisel plow, ridge plant, or
spring disk system with virtually no difference among the latter three systems.

Table 6. Influence of tillage methods and starter fertilizer on long-term corn and soybean yields at

Waseca.

— Treatment Cont. Corn Yield Soybeans Corn

Tillage Starter 1975-82 1979-82 1983, 85 & 87 1984 & 86

bu/A

No tillage Yes 129.2 140.6 34,5 145.6
" No 136.0 34.3 133.4

Fall plow Yes 154.5 170.9 51.0 159.3
" No 170.8 50.2 160.5

Fall chisel Yes 144.4 161.8 47.7 156.3
" No 155.5 45.5 148.3

Ridge plant Yes 149.2 161.5 46.9 158.6
" 1/ No 156.4 47.2 147.8

Till plant (flat) — Yes 144.9 154.8 46.8 163.2
" No 157.4 47.1 158.0

1.4
=" This treatment was converted to a spring disk (2x) beginning with the 1983 crop.
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TILLAGE SYSTEMS FOR CORN AND SOYBEAN CROP SEQUENCES
Waseca, 1987
G. W. Randall, B, W. Anderson and R. R. Allmaras
Corn-soybean rotations have often been compared to continuous corn and soybean monocultures using a
particular tillege system. Seldomly, however, have these comparisons been made over a range of
primary tillage systems. The purpose of this study is to determine the effect of tillage on corn and
soybean production when grown in a monoculture compared to a rotation.

Experimental Procedures

A study had been established or this Webster clay loam site in the fall of 1980 to determine the
relationship between primary tillage and the incidence of corn and soybean diseases in continuous
corn, continuous soybeans and a corn-soybean rotation, The tillage systems were fall moldboard plow
(MP), fall chisel plow (CP), and mo tillage (NT). After this 5-yr study was completed in 1985, the
initial tillage plots and some of the monoculture plots were kept intact to take advantage of the
past tillage and cropping history. Some of the monoculture plots were changed to a corn-soybean
sequence 8o that there are now four cropping systems over each tillage system. The cropping systems
are continuous corn (C-C), corn-soybean (C-Sb), soybean-corn (Sb-C), and continucus soybeans (Sb-Sb).
Each treatment is replicated four times in a split-plot design with tillage as the main plot and crop
system as the subplot.

Fall tillage was performed in October, 1986 after stalk chopping all corn plots. Spring secondary
tillage consisted of disking the CP plots and field cultivating the MP and CP plots on April 28.

Nitrogen was broadcast applied as ammonium nitrate prior to secondary tillage to all 1987 corn plots
at a rate of 200 1b N/A regardless of previcus crop. Broadcast P and K were not applied because of
high soil test P and K levels, Starter fertilizer was not used.

Corn (Pioneer 3737) was planted on May 1 at a rate of 27700 ppA with a John Deere Max-Emerge 4-row
planter equipped with 2" fluted coulters. Furadan (1 1b ai/A) was applied to all corn plots at the
time of planting. Weeds were chemically controlled with a combination of 3% qts. Lasso and 3% qts
Bladex/A applied preemergence on May 7 with no further row cultivation.

Soybeans (Hardin) were planted in 30" rows with the aforementioned planter at a rate of 9 beans/foot
on May 11. Weeds were controlled with a preemergence application of Lasso (3% qts/A) + Amiben
(6 qts/A) on May 12 with no additional cultivation,

A modified JD 3300 plot combine was used to harvest both the corn and soybeans. Corn and soybean
yields are expressed at 15.5 and 13.5% moisture, respectively.

All wheel traffic during the season was confined to the same inter-row areas that were trafficked at
the time of planting. Thie resulted in wheel traffic on one side of each row with the other side
non-compacted by machinery operatioms.

Results and Discussion

Corn yields were quite good and in contrast to 1986 were affected significantly (P = 98% level) by
tillage (Table 1.)., Yields were 6 and 15% higher for the CP and NT tillage systems, respectively,
compared to the MP system., Contrary to 1986, yields were not affected significantly (P = 90% level)
by the crop sequence, An interaction between tillage and crop sequence was not found.

The primary reason for the yield differences with tillage was the delayed and uneven emergence due to
the dry surface soil conditions caused by secondary tillage. Statistical analysis of the e¢mergence
data collected on June 12 indicates a significant tillage x sequence interaction (P = 93%2). For con-
tinuous corn 27 and 31% of the plants were at least 4 leaf-stages behind the early (normal) emerging
plants with the MP and CP systems, respectively, while only 12% were delayed in the NT system
(Table 1). Moldboard plowing and field cultivation following soybeans resulted in 20% of the plants
delayed in their emergence, Delayed emergence was negligible with the CP and NT systems following
goybeans. Regression analysis of late corn emergence on yleld showed the highly significant

Please refer to title page of this publication for information regarding application and use of this
article.
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relationship: Yield (bu/A) = 165.4 - 0.62 * (Z late emergence) with R2 = ,304%% (N = 24).

Grain moisture at harvest was significantly affected by tillage and crop sequence and was closely
related to the degree of late/uneven emergence.

Soybean ylelds also were extremely good and were not affected by tillage (Table 2). The 13% yield
reduction found with continuous soybeans compared to soybeans following corn was highly significant.
Seed moisture content at harvest was not influenced by either tillage or crop sequence, Neither
soybean yield nor seed moisture showed an interaction between tillage or crop sequence.

Table ). Corn grain yield and moisture content and final population as affected by tillage and crop

sequence.
Crop Grain Final Late 1
Tillage Sequence Yield Moisture population Emergence—/
. bu/A X x 10~ 4
MP c-C 140.7 18.4 25.8 - 27
" C-Sb 150.1 16.4 25.7 20
cP c-C 150.1 16.8 26.1 31
" C-Sb 157.2 15.0 26.5 4
NT c-C 162.7 16.1 25.7 12
" C-Sb 172.5 15.4 26.2 1
EQQIORIAL COMPARISONS
Tillage
MP 145.4 17.4 25.8 24
cp 153.7 15.9 26.3 18
NT 167.6 15.8 25.9 7
Signif. Level (%)% 98 99 98 99
BLSD (.05) : 14.5 0.8 34 6
Crop Sequence
c-C 151.2 17.1 25.8 24
C-Sb 160.0 15.6 26.1 8
Signif. Level (%):%/ 89 99 46 99
Tillage x Sequence Igteraction
Signif. Level (%)=’ 3 69 24 93
v () : 7.7 5,0 3.6 48
1/

Plants that were >4 leaf stages behind the normal emerging plants on
June 12,
Probability level of significance.

2/
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Table 2, Soybean seed yield and moisture content as affected by tillage and crop sequence.

Crop _ Soybean

Tillage Sequence Yield Moisture
bu/A Z
MP Sb-Sb 52.1 8.8
" Sb~C 54.9 8.8
cp Sb-Sb 51.4 8.8
" Sb-C 61.2 8.7
NT sb"‘sb 49 O 3 8 . 7
" Sb-C 59.1 8.8

FACTORIAL COMPARISONS
Tillag
MP . 53.5 8.8
cp 56.3 8.7
NT 54.2 8.7
Signif. Level (%): 65 30
Crop Sequence
Sb~Sb 51.0 8.7
Sb-C 58.4 8.7
Signif. Level (Z): 99 11
Tillage x Sequence Interaction

Signif. Level (%): 8l 22
cv (%) : 7.3 1.7

Cor.clusions

These second-year results indicate a significant effect of tillage on the yield of corn but not
soybeans regardless of crop sequence, Corn ylelds were depressed with the MP and CP systems because
secondary tillage with these systems caused the seedbed to dry excessively. As a result corn
emergence was uneven with up to 31% of the plants showing a growth delay of 4 or more leaf stages by
mid-June. Corn emergence and growth were more uniform with NT. The effect of cropping sequence
remained consistent with previous years results. Continuous corn and continuous soybean ylelds were
depressed by 6% (not statistically significant) and 13%, respectively, compared to a corn-soybean
rotation.
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PLANTING DATE, NITROGEN FERTILIZER, AND PLANT POPULATION
INTERACTIONS IN PROCESSING SWEET OORN

C.Rosen and V.Fritz

Processing sweet corm is usually planted over a period of 6 to 8 weeks in May and June. Because of this
extended planting schedule, questions concerning whether nitrogen fertilizer requirements vary with
planting date are frequently asked. Previous work suggests that fertilizer rates can be lowered at the
later planting dates, although a detailed analysis could mot be found. In addition to nitrogen needs,
proper plant populations should be selected to optimize sweet cormn yield and quality. Depending on end
use of the product (eg. cut corn vs corn on the cob), optimm plant populations may vary. Little research
dealing with the interactions of planting date, nitrogen fertilizer, and plant populations has been
conducted. Therefore, the objective of this experiment was to evaluate the effects of these factors on
various yield components and nitrogen mutrition of sweet corn.

Procecdures

The experiment was conducted at the Southern Experiment Station in Waseca, MN. The soil is characterized
as a Nicollet-Webster clay loam with medium to high organic matter and had the following chemical
properties prior to planting (0-6"): pH, 6.7; (1b/A): P, 60; K, 358. Because of the high P and K soil
tests levels, potash and phosphate fertilizer were not applied. Treatments included 4 nitrogen rates (0,
60, 120, and 180 1b N/A), 3 planting dates (May 7, May 21, and June 4), and 3 plant populations (17,000,
22,000 and 27,000). Nitrogen was applied as urea and broadcast/incorporated two or three days prior to
planting. Sweet com seeds (‘Jubilee’) were planted at 30,000 plants/A and then thimed to the desired
population. The previous crop was corn. A factorial treatment arrangemert was used in a split-spilt plot
design with 4 replications. Planting date and nitrogen rate were main plots and plant population was the
subplot. Uhole plants were sampled at the 10 - 12 leaf stage ad ear leaves were sanpled at mid- silkirg.
Samples were dried, ground and analyzed for Kjeldahl nitrogen. Plots were harvested when the average
kemel moisture content was 73 - 74%. At harvest, total ear weight, husked ear weight, cut corn weight,
and nmber of usable ears were recorded.

Results

Due to the relatively dry conditions during the spring of 1987, nitrogen loss through leaching or
denitrification during the season was minimal. Sweet corn response to nitrogen and plant populations at
the three planting dates is provided in Table 1. Yields were depressed at the third planting date
because of a serious infestation of morthern and western corn rootworm (adult stage). Earfill and mumber
of usable ears were greatly reduced by this insect. Statistical analyses of the main effects and
interactions are presented in Tsble 2. Care should be taken when interpreting the main effects without
taking into account the significant interactions.

Nitrogen application increased yield at all planting dates. As in previous years the greatest increment
of response was from O to the 120 1b N/A rate. Response to N was greatest during the first two planting
dates compared to the third planting date. This was because of the severe insect damage at the third
date which negatively affected crop growth. Swurprisingly, plant population had little effect on sweet
corn yields. The only advantage of going to a higher plant population was for an increase in rumber of
usable ears. A population of 22,000 plants/A yielded a greater muber of usable ears than 17,000
plants/A provided that at least 120 1b N/A was availsble. Populations of 27,000 plants/A did not yield
more usable ears than 22,000 plants/A. Ear length tended to increase with nitrogen rate up to 120 1b N/A
ard decrease with increasing plant populations.
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Nitrogen in whole plant samples and in the ear leaf sampled at mld-silk increased with increasing N rate.
An ear leaf N concentration of about 2.75 seemed to be optimun for maximm yields under the conditions of
this experiment. Increasing plant populations tended to lower ear leaf N levels.

Conclusions:

1. Sweet com yields increased with nitrogen fertilizer up to 120 lbs N/A. There was only a slight
increase (less than 5%) in cut com yields by increasing nitrogen from 120 1b/A to 180 1b/A.

2. Unless rainfall, diseases, and insects are controlled, it is difficult to assess the effect of
planting date on N response.

3. Based on results of this experiment maximum cut corn ylelds were obtained with a population of 17,000
plants/A and a nitrogen rate of 120 1b N/A. Maximm number of usable ears/A were obtained with
22,000 plants/A provided that at least 120 1b N/A was applied.
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Table 1, Effects of nitrogen rate, plant population and planting date on various yleld
cemponents and nitrogen nutrition of sweet corn,
-Tissue Nitrogen-
Whole
plant at Ear
Planting Plant N Green Husked Cut Corn Ears Ear 10 leaf leaf at
Date Population rate Yield Yleld Yield Useable Length stage sliking
plants/A Ibs/A - T/A ears/A inches 4
x 1000 x 1000
May 7 17 0 4,13 3408 1.50 8,3 T3 2,52 2,12
7 17 60 7.05 5.03 3,04 15,9 7.8 2,95 2,83
7 17 120 8.89 6.26 3.86 18,8 8,1 2,87 2,94
7 17 180 9.49 6426 3.86 16,9 8.0 3.06 3.06
7 22 0 4,28 3.26 1,98 9.6 71 2,50 2,34
7 22 60 T.28 5.36 3.19 18.1 7.6 2,86 2,42
7 22 120 8,70 6,11 3.7 19.3 7.9 2,91 2,90
7 22 180 8.78 6.41 4,05 19,9 7.9 3.26 2,97
7 27 0 3.7 2,59 1,39 7.8 6.7 2,47 2,07
7 27 60 7.39 5.36 3.15 16,6 746 3.03 2,49
7 27 120 9.1 6.56 4,09 21,5 7.6 3.14 2,74
7 27 180 9.79 6.56 3.98 17,9 7.8 3.15 2,94
May 21 17 0 4,43 3.53 2,06 1,0 73 2.24 2,42
21 17 60 6.30 4,91 3,04 15,5 76 2,36 2.41
21 17 120 7465 5.93 3.7 17.4 8.0 2,43 2,76
21 17 180 9.98 6.45 3.98 20,0 7.9 2,76 2,98
21 22 0 3.98 3.04 1.65 71 6.9 2.1 2,32
21 22 60 6,64 5.14 3.04 15.2 7.6 2,46 2,74
21 22 120 7.69 6.00 3471 21,0 7.6 2,70 2,72
21 22 180 8.36 6441 3,98 19.8 7.6 2,65 2,83
21 27 0 3,75 2,85 1.54 6.5 6.5 1.76 2,43
21 27 60 6.56 5.06 2,96 15.6 7.3 2,41 2,59
21 27 120 7.88 6.19 3.79 21,2 7.4 2,52 2,55
21 27 180 7.99 6.23 3.86 20,0 7.8 2,83 3.84
June 4 17 0 4,31 2,48 1.24 1.9 7.2 2,69 2,50
4 17 60 4,84 2,78 1.39 2,2 7.3 2,98 2,83
4 17 120 5.51 3.23 1,73 2,6 7.4 3.09 2,78
4 17 180 5.96 3,34 1.61 2,7 742 3.18 2.94
4 22 0 3.75 2,21 1,05 1.4 7.2 2,73 2,46
4 22 60 5459 3,38 1,65 2,2 7.2 2,92 2,69
4 22 120 5.70 3468 2,03 3.9 7.4 2,93 2.7
4 22 180 S5.44 | 3,19 1,65 3.6 7.2 3422 2,68
4 27 0 4,05 2,36 1,05 1.9 Tl 2,79 2,40
4 27 60 5.21 3,23 1.61 3e1 T3 3,05 2,48
4 27 120 5493 3.60 1.80 2,9 7ol 2,99 2,68
4 27 180 5.89 3.7 " 1,95 4.9 742 3.14 2.84
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Table 2, Statistical analysis of nitrogen rate, plant populetion, planting date and
Interactive effects on sweet corn yleld and nutrition,

-Tissve Nltrogen-

whole
plant at ear
Green Husked Cut Corn Useable Ear 10 leaf leaf at
Yield Yleld Yleld Yield Length stage sliking
Maln Effects T/A - ears/A Inches 4
x 1000
N rate
0 4,04 2,81 1,45 6.2 7.0 2.42 2,35
60 6.31 4,47 2,56 11,6 7.5 2.78 2,61
120 7.45 5.29 3,17 14,1 7.6 2,84 2,75
180 7.80 5.40 3.21 14,0 76 3,03 2,90
slgnI ficance *a #*i L2 ] #*# *% *e 2]
BLSD (0.05) 0.76 0,38 0.27 1.6 0.2 0,16 0,44
Planting Date
May 7 7.38 5.24 3.12 15,9 7.6 2.89 2,66
May 21 6.64 5,14 3.1 1547 7.5 2.43 2,63
June 4 5,18 3.1 1.56 2,8 7.2 2,97 2,66
slgn|f|cance #% *a *% *# * % * % NS
BLSD (0.05) 0.67 0,33 0.23 1.4 0.2 0.14 ————
Plant Population
17,000 6.42 4.44 2,58 11.1 7.6 2,76 2,72
22,000 6.33 4,51 2,61 11,6 7.4 2,77 2,65
27,000 6.44 4,53 2,60 11,6 T3 2,71 2,59
Signiticance NS NS NS NS bl NS *
BLSD (0,05) ———— ———- —— ——— 0.2 ———— 0,12
Interactions
N rate x
p'anflng L1 L34 *¥ e *a NS NS
N rate x
Population NS * NS * NS NS NS
Planting Date x
Population NS NS NS NS * NS NS
N rate x
Planting Date x
Population NS NS NS NS NS NS NS

NS = nonsignificant, * = significant at 5%, ** = significant at 1%
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WATER QUALITY RESEARCH WITH NITROGEN AT THE HERMAN ROSHOLT
TRRIGATION FARM, WESTPORT, MN

G.L. Malzer and T.J. Graff

In 1987 three phases of nitrogen research were started at the Herman Rosholt Irrigation Famm at Westport,
MN. The three phases of research included a lysimeter phase, a large plot groundwater phase and a small
plot nitrogen management/crop production phase. Results from the lysimeter phase are being evaluated and
will be reported at a later time. Results from the groundwater phase are being sumarized by the
department of Agricultural Engineering. This report is a sumary of the results obtained from the
nitrogen management/crop production phase.

The soil at the Rosholt famm is an Estherville sandy loam with 35-70 cm of sandy loam soil overlying
glacial outwash composed mainly of coarse sand and gravel. Becamse of the couse nature of these soil and
the low water holding capacity, they are frequently irrigated to attain high yields. The higher yield
potential along with higher fertilizer inputs, low water holding capacity, and shallow underlying aquifer
create conditions which could result in groundwater contamination with nitrate nitrogen. Improper
fertilizer nitrogen management can result in reduced yields, reduced fertilizer use efficiency, decreased
profits, and increased groundwater contamination. The purpose of this phase of research was to determine

the impacts of different nitrogen and crop management practices on both the crop yield/nitrogen
utilization and their resulting impacts on groundwater quality.

Experimental Procedures

Two separate nitrogen experiments were established at the Rosholt farm in 1987. The previous cropping
history on the experimental area consisted of nonirrigated oats.

Experiment 1 consisted of 25 nitrogen treatments randomized within a split plot design with three
replications. The main plot consisted of two cropping sequences (continuous com and com following
beans) with the sub-plots being tillage (ridge till and chisel plow). Ridges were constiucted in the fall
of 1986. In 1987 both corn and soybeans were planted. In 1988 the entire experiment will be in comn.
The 25 nitrogen treatments within each sub-plot consisted of a control (zero N) plus four nitrogen rates
(60, 120 180, and 240 kg/ha), two nitrification irhibitors (none and N-Serve) and three times/methods of
application (all N early-4 leaf growth stage, all N late-8 leaf growth stage, and split with 2/3 N early
and 1/3 late). All fertilizer nitrogen treatments were applied as arhydrous amwonia. The nitrification
irhibitor N-Serve was applied with an in-line injection pump which inserted the chemical in front of a
bidirectional flow integrator and the manifold. N-Serve was applied at a rate of 0.56 kg/ha.

(Pioneer 9601) were planted on May 18th at a rate of 70 kg/ha in 0.76m rows. A tark mix of Amiben (2.24
kg/ha), Lasso (2.24 kg/ha) and Roundup (1.12 kg/ha) was applied on May 19th for weed contxol.

Experiment 2 consisted of 16 nitrogen treatments randomized within a split plot design with three
replications. The main plots varisble was tillage (ridge till and chisel plow). The 16 nitxogen
treatments within each sub-plot consisted of two nitrogen rates (120 en 180 kg Nha), two nitrogen sources
(arhydrous ammonia and wrea) and two nitrification inhibitor treatments (no and yes) at two times of
application (early-4 leaf and late-8 leaf). Nitrification irhibitor treatmerts oxsisted of 0.5 kg/ha of
N-Serve applied with anhydrous ammonia or 7% DN with urea. The DD urea was supplied by TVA, Urea
treatments were injected at a depth of 15 can and positioned approximately 16 cm away from the row similar
to the anhydrous amonia treatments.

Experiments 1 and 2: Com (Funks G 4100 - 90 day R.M.) was planted on May 1 in 0.76 cm rows at a
population of 78,600 seeds/ha using a four-row Hiniker planter. Starter fertilizer was applied at the
rate of 250 kg/ha of 9-23-30 as a side banding. A tark mix of Atrazine (2.24 kg/ha), lasso (3.36 kg/ha)
and Roundup (1.12 kg/ha) was used on May 7th for weed control. For additional weed control both
experiments were cultivated twice. For the ridge till treatment the second cultivation and the ridge
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building were done similtaneously. Nitrogen treatments were applied on June 4th (early-4 leaf) and on
June 18th (late-8 leaf). The irrigation program (traveling boom) was started on May 7th and contirued
through August 30th with 14.4 an of water being applied through irrigation and an additional 37.8 cm of
water coming through rainfall during the growing season.

Grain yields were obtained on October 8th by hand harvesting 9.3 i of plot area. All grain yields were
adjusted to 15.5% moisture.

General Results

Expeximent 1 When no fertilizer nitrogen was applied grain yields were appraximately 98 by/A (6.2 mt/ha).
Fertilizer treatments increased grain ylelds sbout 45 bu/A. No yleld increases were obtained with
fertilizer nitrogen rates over 60 kg/ha (54 lbs/A). Fertilizer nitrogen rates in excess of 60 kg/ha
resulted in increased concentrations of residual nitrate-N remaining in the soil at the end of the season
(data not presented. In 1987 delayed applications of fertilizer nitrogen did not increase yield, but did
reduce the concentration of nitrogen in the grain at harvest. Nitrification inhibitors had mo influence
on grain yield or nitrogen utilization by the crop. 1987 results would suggest that nitrogen losses
durring the growing season were relatively low. The &y early spring and the general lack of large
rainfall events during the growing season would support the fact that leachirg losses would be expected to
be minimal. Although nitrogen loss from the soil profile was limited during the growing season in 1987
the high residual nitrate remaining in the soil at the end of the year when nitrogen rates were in excess
of plant need provide some envirormental concern. The fall and early spring rainfall when no crop is
present could move some of these residual nitrates to the groundwater. Soil samples will be collected in
the spring of 1988 to assess nitrate loss from the soil profile during the non-crop portion of the year.

Experiment 2 There was ro yield increase or increased N removal with the grain when the nitrogen rates
were increased from 120 to 180 kg/ha, This would suggest that the lower rate was more than adequate for
plant growth in 1987. This would support the results of experiment 1. The nitrification irhibitor
treatments had no influence on yield or N removal with the grain, Arhydrous amonia resulted in increased
yields and more N removal with the grain than urea. Both of these experiments will be contirued in 1988.
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Table 1. Influence of N-Rates, nitrification irhibitors, method of application and tillage on com grain

yields Westport,MN 1987.
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Table 1. contimued Split Plot Statistical Analysis

Iillage
Chisel
Ridge Till
P-Value

N-Rate X Method X Tnhibitor

N-Rate kg/ha
60

120

180

240

P-Value

BLSD (.05)

Method

1. 4 leaf

2. 8 leaf

3. split 2/3173
P-Value

BLSD (.05)

Ichibitor
None
N-Serve
P-Value

N-Rate X Method

N-Rate X Inhibitor
Method X Irhibitor

N-Rate X Method X Irhibitor

N-Rate X Method X Trhibitor X Tillage
N-Rate X Tillage

Method X Tillage

Irhibitor X Tillage

N-Rate X Method X Tillage

N-Rate X Irhibitor X Tillage
Method X Irhibitor X Tillage

N-Rate X Method X Irhibitor X Tillage

Grain
BuyA &N
130.7 1.57
1%.4 1.5
77 90
129.1 1.50
133.3 1.5
133.0 1.58
1%.8 1.58
91 99
0.02
131.8 1.57
133.6 1.52
132.2  1.57
33 9
0.02
131.6 1.55
133.5 1.57
77 53
6 83
2 98
89 92
79 99
8 27
6 96
55 81
9S4
91 98
52 36
86 92

Grain
mt/ha
8.22
8.45

O 00 00 O
Erwyr

o %o @
8EV

N-Removal
kg/ha
109.06
110.28

51

102.72
110.50
111.98
113.47
99
4,32

110.26
108.25
110.49

108.18
111.17

83
78
96
62

52

97
70
4t
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Table 2. Influence of N-Rates, N-Forms, nitrification irhibitors, time of application on two tillage
systems on grain ylelds at Westport, MN. 1987

Grain
mt/ha

N-Form Irh. Time Tillage Grain

N-Rate
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Table 2. contimued Split Plot Statistical Analysis

Grain Grain N-Removal

Buy/A &N mt/ha kg/ha
Tillage
Chisel 134.7 1.57 8.47 111.97
Ridge Till 131.9 1.58 8.29 110.78
P-Value 66 ¥ 66 61

- Time -

N-Form
Avhydrous 136.0 1.59 8.55 114.95
Urea 130.6 1.56 8.21 107.80
P-Value 95 93 95 99
Ivhibitor
N-Serve 1319 1.59 8.29 m.n
DCD 134.7 1.5 8.47 111.64
P-Value 70 82 69 23
Time
1. 4 leaf 6/4/87 132.1 1.6l 8.31 12.711
2. 8 leaf 6/18/87 134.4 1.5 8.45 110.04
P-Value 60 99 60 85
N-Rate ke/ha
120 132.4 1.57 8.33 110.12
180 134.1 1.58 8.43 112.64
P-Value 46 58 45 83
N-Form X Irh. 50 61 50 17
N-Form X Time 85 87 85 57
N-Form X N-Rate 40 22 40 63
Irh. X Time 41 n 40 40
Irh. X N-Rate K] 86 39 42
Time X Rate 70 15 71 88
N-Form X Irh X Time 65 46 65 90
N-Form X Irh X Time X N-Rate 63 21 63 74
N-Form X Tph, X Time X N-Rate X Tillage
N-Form X Tillage 64 60 64 82
Inh. X Tillage 3 88 4 62
Time X Tillage 70 54 70 48
N-Rate X Tillage 18 3 18 18
N-Form X Irh. X Tillage 97 89 97 86
N-Form X Time X Tillage K3 44 31 20
N-Form X N-Rate X Tillage 18 32 20 8
Irh. X Time X Tillage 31 73 32 71
Irh. X N-Rate X Tillage 32 4 32 8
Time X N-Rate X Tillage 41 36 41 66
N-Form X Irh, X Time X Tillage 86 42 86 93
N-Form X Irh. X Time X N-Rate X Tillage 70 92 70 68
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1AND TREATMENT OF SBWAGE SLUDGE INCINERATCR ASH
C. Rosen, R. Polta, and T. King

Incineration of sewage sludge is a common means of reducing the volume of mmicipal waste material. As
landfill usage is being reduced, disposal of the resulting ash is becoming more of a problem. Finding an
ernvirormentally acceptsble disposal method for incinerator ash is important as increasing quantities of
sewage sludge wastes are burned. Sewage sludge incinerator ash contains a rumber of different elements
that are essential for plant growth. In particular, high concentrations of phosphorus, calcium and
magnesiun have been reported in previous studies. However, this ash also contains heavy metals such as
cadmium, lead, zinc, copper and others which can pose problems to plants and animals in high
concentrations. When properly managed, recycling incinerator ash nutrients by landspreading may provide a
disposal method that is beneficial to both incinerator operators and crop producers. The purpose of this
study was to detenmine whether sewage sludge ash can be used as a soil amendment/fertilizer without
lowering crop quality or polluting the ervirorment.

terials and Methods Ash samples were collected from the Metropolitan Waste Water Treatment Plant in St.
Paul in April 1987, The following properties were determined on three subsamples: % moisture, calcium
carbonate equivalent (CCE), citrate soluble phosphorus (total availsble phosphate), and elemental
composition after digestion in concentrated nitric acid followed by perchloric acid (Table 1). Particle
size analysis revealed that 99% passed through a 60 mesh screen and 88% passed through a 100 mesh screen.

A field experiment was initiated in May 1987 at the Rosholt Research Farm in Westport, MN. This site was
selected because irrigation was available and soil test P was at a level vwhere a response to applied
phosphorus might be expected., ‘The soil is characterized as a Estherville sandy loam. Selected soil
chemical properties prior to planting are presented in Table 2.

Treatments consisted of a control, three rates of phosphate fertilizer (0-46-0: 70, 140 and 280 1b BYOs/A)
and three equivalent rates of sewage sludge incinerator ash based on available phosphate (Table 3).
Loading rates of selected metals based on the digest analysis and application rates were less than the
ammual meximam application rates set by the Mimmesota Pollution Control Agency (Table 4). A

fertilizer spreader was used to broadcast applications of 0-0-60 (200 lbs/A) and 45-0-0 (195 lbs/A).
Sludge ash and phosphate fertilizer were applied by hand. The entire plot area was disked to a depth of
6". A randomized complete block design with four replications was used. Field com (Rrks G-4100 hybrid)
was planted on May 1, 1987 at a population of 32,000 in 30" rows. Each plot consisted of four 30’ rows.
Irrigation supplemented rainfall to provide approximately 1" of water per week. On June 12, 8 whole
plants were sampled from each plot at the ends of the two middle rows. At this sampling, plant
development corresponded to the 8-10 leaf stage. The entire plot was sidedressed with 46-0-0 (100 lbs/A)
with a gandy on June 18. Suction cup lysimeters were installed in all treatments in veps 1 and 3 on July
8 at a depth of 18". Water samples were collected on July 15 and August 8, approximately 3 or &4 days
after 1" of irrigation was supplied. Ear leaf samples were collected from each plot at the mid-silking
stage (July 15). The plots (20’ from the middle two rows) were harvested for grain plus cob and stover
yields. Subsamples of stover and grain plus cob were collected for moisture determinations and elemental
analyses. All plant samples were ground in a Wiley mill to pass through a 30 mesh screen. Multiple
element analysis using ICP procedures were performed on ashed samples dissolved in 2 N HCl. Following
Kjeldshl digestion, total nitrogen in plant tissues was detemmined using conductimetric procedures.

Soil samples were collected on October 10 at 3 depths: 0-6", 6-12", and 12-24". Samples were air dried,
ground using a rolling pin and extracted with 1 N nitric acid. Multiple elements were determined using
ICP procedures. Available phosphorus was determined after extracting with Bray Pl extractant and pH was
determined on a 1:1 soil - water extract.
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Results

Soil and Water Semples. Elemental analyses of the water collected in the suction cup lysimeters are
presented in Table 5. Because of the coarse-textured nature of this soil, the lysimeters did not always
perform properly. Therefore at each sampling date only one replication is reported. Concentrations of
Po, Ni, Cr and Cd were below detection limits of the ICP spectrophotameter. Other elaments such as Qu, Zn
and B were at background levels. None of the other elements determined exhibited trends with increasing
ash or fertilizer treatments, These results indicate that in the short temm, leaching of elements to the
ground water from the ash does not appear to be a problem,

As expected, fertilizer and ash treatments increased Bray Pl sofl test levels in the top 6" of soil (Tuble
6). The fertilizer appeared to be more effective in increasirg P levels corpared to the ach. Soil fH was
ot affected by any of the treatments. This is not swrprising since the calcium carbonate equivalent of
the ash material is low. Nitric acid extractsble P increased with both fertilizer and ash rates. In
contrast, acid extractable Zn, Cu, Cr and Cd increased with ash treatments, but not with P fertilizer
treatments. Even though increases in these metals were recorded with the ash treatments, the levels were
still very close to background, Fertilizer and ash treatmerts had ro effect an soil [, Bray Pl or nitric
acid extractable elements at the 6-12" depth (Table 7). However, Bray Pl lewels terded to increase with P
fertilizer rate and ash rate at the 12-24" depth. Reasons for greater differences at the 12-24" depth
compared to the 6-12" depth are not known at this point. Acid extractsble elements did ot significantly
increase with P fertilizer or ash at the 12-24" depth.

Yield Data. None of the treatments significantly increased grain or stover yield over the check plot
(Table 9). The reason for lack of yield response to applied phosphorus is that soil P in the plow layer
was at a higher level than the initial soil tests indicated. Rather than being in a medium to high rangp,
the check plots were actually in a high to very high range. Response to applied P therefore is not
likely. Another factor that might be imvolved is that com yields were low considering that irrigation
was used. Consequently, the demand for P would not be as great had ylelds been higher. The case for low
ylelds may have been due to a two week period of water stress when plants were silking. In either case,
the results do indicate that application of ash does not detrimertally affect yield. There was a tverd for
greater grain yields with the P fertilizer compared to ash. Stand counts also tended to be greater with
the P fertilizer compared to the ash.

Tissue Analyses. Fertilizer and ash treatments increased tissue P corcentrations in com sapled at the 8
- 10 leaf stage (Table 10). Ewven though rates of ash were adjusted to equivalent rates of availsble P in
fertilizer, com grown in plots supplied with fertilizer had significantly higher P levels than com
supplied with ash, Nitrogen concentrations increased as P fertilizer rate increased. Tissue Ca was
higher when supplied with fertilizer compared to ash. This reflects the high awut of Ca in 0-46-0. Ash
treatments tended to lower tissue Mn compared to fertilizer treatments. In contrast, fertilizer
treatments tended to lower tissue Zn and Cu compared to ash treatments. The other heavy metals, Pb, Ni,
Cr, and Cd were all at background levels, Similar trends to those in the wole plant sample were cbhserved
for most elements in the ear leaf sampled at silking (Table 11). One exception was that N levels
decreased in ear leaf tissue with P fertilizer rate. Ash and fertilizer increased P levels, but the
increase was greater with the fertilizer compared to the ash. Calcium levels also increased with
fertilizer and ash compared to the contxol.  Fertilizer increased Mn, but decreased Ou and Zn
concentrations compared to the ash treatments. Other heavy metals were not affected by treatments.
Treatments did not affect concentrations of any of the elements in the grain (Table 12). The stover and
cob tissue concentrated greater levels of Cu and Zn with the ash treatments compared to the fertilizer
treatments (Tables 13 and 14). Stover and cob P levels increased with fertilizer but not ash treatments.

General Discussion. Even though no differences in com yields due to treatments were detected, the
results do show that ash treatments are mot detrimental to yield or quality in the short term. From
tissue analysis results, phosphate availability at equivalent rates does rot appear to be as gpod fram the
ash source as from fertilizer source. This may be due to lower P solubility in the ash compared to the
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fertilizer which may not be readily detected by the available (citrate soluble) P test. FRurther
experiments on this same site are required to evaluate longer term effects of incinerator ash on element
movenent In the soil profile as well as effects on element uptake and yield response by the crop.

Table 1. Selected Chemical Characteristics of incinerator sludge ash and phosphate fertilizer used in
the study (means of 3 samples).

Chemical Characteristic Sludge Ash Phosphate Fertilizer
Moisture €)) 37.6 : -
Calcium Carbonate Equivalent (%) 13.7 -
Availeble E,Og ®) 8.8 46.0
pH (1:1 water) 8.0 -
Acid Digestible Flements; ** 2 lb/dcy ton -4 lb/dgy ton
Phosphorus 7.40 148.0 21.36 427.2
Potassium 0.48 9.6 0.24 4.8
Calcium 9.14 182.8 14.57 291.4
Magnesium 4.26 85.2 0.48 9.6
Sodium 0.26 5.2 0.37 1.4
Alunirum 6.38 127.6 0.83 16.6
Iron 4,05 81.0 1.56 31.2
o oo
Cadmium 128 0.26 7 0.01
Chromium 1888 3.78 78 0.16
Copper 3846 7.69 7 0.01
Manganese 2353 4.7 294 0.59
Nickel 530 1.06 29 0.06
Lead 710 1.42 39 0.08
Zinc 7213 14.43 79 0.16
Boron <3.0 < 0.01 &4 0.09

% Citrate Soluble P
** Acid digestible - boiling concentrated nitric acid and concentrated perchloric acid. After 6 hr.
digestion 45% remained undigested. Results expressed on a dry weight basis.

Table 2. Selected Soil Chemical properties of the experimental site.

......... Depth------------
Property 0-6" 6-12"
pH 5.7 6.1
Organic Matter % 5.1 2.7
Bray P (1b/A) 35 10

K (1b/A) 179 111
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Table 4. Approximate loading rates for selected metals.
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Table 6. Effect of sludge ash and phosphate fertilizer on soil pH, Bray P1, and 1 N nitric acid
extractable elements. (0-6 inch depth)

Treatment === ceececceccccccmeeesc-mco-ceoe- 1 N nitxic acid extractable-----eccce-oomc--
l.bPZOS/A Somrce pH BrayPL P K Ca Mg Al Fe Na Mn Zn Cu B B N € G
Ib P/A --cccececcmccemccceicccec e PPM--=-----=-=eammeecacaccceaecoanoacan
Control - 5.5 48 76 123 2895 463 1745 380 12 113 5.5 4.1 1.3 3.4 3.6 1.0 0.2
70 Fert. 5.5 50 76 133 2484 469 1825 394 11 116 6.0 3.6 1.3 3.5 3.8 1.0 0.2
140 Fert. 5.4 99 113 145 2824 434 1754 370 13 125 5.3 3.4 1.3 3.6 3.7 1.0 0.2
280 Fert, 5.5 97 111 139 2892 445 1774 371 12 109 5.3 3.3 1.3 3.4 36 1.0 0.2
70 Ash 5.4 50 82 133 2941 455 1775 372 11 112 5.4 3.9 1.3 2.7 3.7 1.0 0.2
140 Ash 5.6 66 114 136 3054 483 1826 391 13 114 6.4 5.2 1.4 3.8 3.7 1.2 0.3
280 Ash 5.5 81 135 131 3108 511 1934 445 14 120 7.4 6.1 1.4 3.3 41 1.4 0.3
Significance NS * % NS NS NS NS NS NS NS * * NS * N5 &
BLSD - 41 33 - - - - - - - 14 1.2 - 07 - 03 0.1
Contrasts
Ctrl, vs Rest NS NS % NS NS NS NS NS NS NS NS NS NS NS NS NS NS
Fert. vs Ash NS NS NS NS NS NS NS NS NS NS #* % % NS NS % &&
Linear Fert. NS * % NS NS NS NS NS NS NS NS NS NS NS NS NS NS
Quad Fert. NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS
Linear Fert. NS * % NS NS NS ¥ % NS NS % % % NS & &k *x%
Quad. Ash NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS

NS = Non significant, +* = Significant at 5%, ** = Significant at 1%

Table 7. Effect of sludge ash and phosphate fertilizer on Soil pH, Bray Pl and selected elements
extracted with 1 N nitric acid. (6-12 inch depth)

Treatment @ === eccecmmmccccccccmcmcncccena-. 1 N nitric acid extractable----------ccce--
]'bPZOS/A Sorce pH BrayPL P K Ca Mg Al Fe Na Mn Zn Gu B B N &
Ib P/A  -emmccmcoommmmicm e eaa PPll-==--c-=veccaneccomcanoncaaen-
Control - 59 1 40 66 2558 580 1730 533 15 54 4.5 3.2 1.1 2.4 2.7 1.3 0.1
70 Fert, 5.8 20 34 69 2637 583 1756 546 13 59 4.6 3.1 1.1 2,3 3.0 1.3 0.1
140 Fert. 5.8 15 41 70 2519 564 1696 525 14 S8 4.5 2.8 1.1 2.4 2.9 1.3 0.1
280 Fert. 5.8 16 36 66 2487 567 1707 540 13 S6 4.8 2.8 1.1 2.4 2.9 1.3 0.1
70 Ash 5.8 14 37 71 2670 587 1780 550 13 61 4.5 3.3 1.2 1.8 3.2 1.3 0.1
140 Ash 59 14 43 66 2519 580 1754 553 12 55 5.3 49 1.1 2.4 2.7 1.3 0.1
280 Ash 5.9 14 30 67 2521 625 1782 638 13 56 5.3 3.4 1.1 1.9 29 1.4 0.1
Significance NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS
BLSD (0.05) - - - - - - - - - - - - - - - - -
Contrasts
Ctrl. vs Rest NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS
Fert. vs Ash NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS
Linear Fert. NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS
Quad. Fert. NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS
Linear Ash NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS
Quad. Ash NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS

NS = Non significant, * = Significant at 5%,  ** = Significant at 1%
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Table 8. Effect of sludge ash and phosphate fertilizer on soil pH, Bray Pl and selected elements
extracted with 1 N nitric acid. (12-24 inch depth).

Treatment @ =0 eeecccccceccccceaes 1 N nitric acid extractsble----------scemcecccacan
ILPO/A Somce pH BrayPL P K Ca Mg Al Fe NaMn Zn u B B N O o
Ib P/AA - PpM=======ccmcccammacccccancceonacacan
Control - 6.4 6 85 55 1663 476 1105 569 10 43 3.0 1.6 0.9 1.6 1.6 1.0 0.1
70 Fert. 6.1 9 60 57 1583 454 1154 543 11 39 3.0 16 0.9 1.5 1.6 1.1 0.1
140 Fert. 6.3 8 60 57 1568 460 1141 549 10 37 3.2 2.0 0.8 1.3 1.6 1.0 0.1
280 Fexrt. 6.3 11 63 58 1554 450 1150 539 11 40 3.4 1.7 0.8 1.3 1.6 1.1 0.1
70 Ash 6.2 7 68 55 1593 468 1180 579 8 42 2.9 1.8 0.8 1.2 1.6 1.0 0.1
140 Ash 6.3 12 89 53 1708 513 1062 538 10 50 2.7 1.8 0.9 1.1 1.9 1.0 0.1
280 Ash 6.2 16 79 64 1628 488 1232 638 11 54 3.8 2.2 0.9 2.0 1.9 1.2 0.1
Significance NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS
BLSD (0.05) - 4,0 - - - - - - - - - - - - - - -
Contrasts
Ctrl. vs Rest NS ke NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS
Fert. vs Ash NS * ¥ NS NS NS NS NS NS *» NS NS NS NS NS NS NS
Linear Fert. NS * NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS
Quad, Fert. NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS
Linear Ash NS *k NS NS NS NS NS NS NS * * NS NS NS NS NS NS
Quad. Ash NS NS NS NS NS NS NS NS NS NS NS NS NS * NS NS NS

NS = Non significant, * = Significant at 58, %% = Significant at 1%

Tsble 9. Effect of sludge ash and phosphate fertilizer on grain yleld (dry weight basis),
stover yield (dry weight basis) and stand count.

Treatment Grain Yield Stover Yield Stand Count
b P205/A Source bu/A T/A plants/A x 1000
Control - 120.9 2.05 28.7
70 Fert 129.4 2.22 30.2
140 Fert 124.5 2.19 30.1
280 Fert 128.8 2.21 30.5
70 Ash 122.9 2.06 29.5
140 Ash 120.8 2.14 29.3
280 Ash 124.1 2.30 28.1
Significance NS NS NS
BLSD (0.05) - - -
Contrastsg
Ctrl. vs Rest NS NS NS
Fert. vs Ash * NS *
Linear Fert. NS NS NS
Quad. Fert. s NS NS
Linear Ash NS NS NS
Quad. Ash NS NS NS

NS = Non significant, * = Sipnificant at 5%, ** = Significant at 1%
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Table 10. Effect of sludge ash and phosphate fertilizer on the elemental composition of whole plants

sampled at the 8-12 leaf stage.

Treatment
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during initial silking.

Table 11. Effect of sludge ash and phosphate fertilizer on elemental camposition of the ear leaf sampled

Treatment
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Teble 12. Effect of sludge ash and phosphate fertilizer on elemental composition of grain sample at

harvest,

Treatment
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Effect of sludge ash and phosphate fertilizer on elemental conposition of the cob at harvest.

Teble 13.
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harvest.

Table 14. Effect of sludge ash and phosphate fertilizer on elemental composition of stover sampled at
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LIQUID STARTER FERTTLIZER OCMPARISON

Olmsted Co., 1987

T. L. Wagar and M. O'Leary

In southeastern Mimmesota starter fertilizer is used extensively by com producers to improve fertilizer
efficiency. This study was conducted to compare the effect of two popular liquid starter fertilizer
products on com grain yield, early plant growth and grain moisture at harvest.

Experimental Procedures

Corn (Pioneer 3737) was planted on May 2 with a Kinze planter in 30" rows (30,200 pop.) on a Radford silt
loam soil. The site was chisel plowed in the fall of 1986 and field cultivated in the spring before
pPlanting, Weeds were contxolled with 2 1/2 pts/A Prowl and 1.6 lbs/A Bladex DF. No soil insecticde was
used since this was com following soybean. Soil tests were: M 3.6%, P 70 lbs/A, K 286 1bs/A, and pH
7.3, Lliquid 28% N solution was injected at planting to provide 120 1b. N /acre. Treatments were
randomizded in strips (six rows 300 feet long) and were replicated four times. Two liquid starter
fertilizers (7-21-7 and 9-18-9) were applied at 5 gals/A with the seed and compared with a mo starter
treatment.

Whole (above the soil surface) corn plants were randomly harvested at the eight leaf stage of growth for
early plant growth determination. The corn grain yield was determined by mechanical harvesting and
weighed by a weigh wagon. Grain moisture was determined by the oven dry method.

Results and Discussion

The following table shows that there was mo difference in early plant growth, grain yield,and grain
moisture from any of the treatments. With the shove nommal tenperahwes in the spring to repidly wemm the
soil and with the high soil fertility lewvels no crop resporse was chserved. The results of this study are
consistent with similar research conducted in prior years in southerm Mimmesota.

able ect o ds Y. Placed with the Seed on Co Yield, and Moisture
Whole Plant- 8 leaf Grain
Treatment Dry Weight/6 plants Yield Moisture
grams bu/A %
No Starter N.2 188 16.2
7-21-7 (5 gal/A) 26.7 182 15.9
9-18-9 (5 gal/a) 27.8 190 15.9
Significance NS NS NS
Probability lewvel (.31) (.65)

N~
o e

CV (%) 13.9 6.9
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INFIUENCE OF NITROGEN AND POTASSTUM FERTILIZATION QN THE YIELD AND
NUIRTENT ACCUMULATION OF FOUR DIFFERENT OORN HYBRIDS--1987

G.L. Malzer, G.W. Randall and T.J. Graff

Two experimental locations were selected in 1986 and two experiments established at each location. The
two locations were: 1. the Sand Plains Research farm, Becker, MN. (irrigated) and 2. the Southem
Experiment Station, Waseca, MN (dryland). In 1986 a corn and soybean experiment was started at each
location to provide for a future corn-soybean sequence. In 1987 nitrogen and potassium treatments were
established at each location.

The objectives of these experiments were to: 1. Determine the mutrient accumilation pattermns of
different corn hybrids grown in a high yield envirorment, ad 2. Bwhute the inpact of N, K, ad the wse
of nitrification irhibitors on the yields and rutrient utilization of different com hybrids in a com-

soybean sequence.
Experimental Procedires

Becker: A total of 56 treatment with four replications were estsblished on the com experimental site. A
split plot design was utilized with potassium as the main plot. Nitrogen and hybrid treatments were
randomized within the main plots. A modified factorial arrangement consisting of four com hybrids
(Pioneer 3732, Pioneer 3737, A632 x 1H39, and DeKalb 484), three nitrogen rates (80, 160, and 240 lbs/A),
two nitrification irhibitor treatments (w/wo N-Serve 0.5 lbs/A), and three potassium fertilizer rates (0,
100, and 200 1lbs K/A) were utilized. To reduce the size of the experiment mot all combinations of
potassium were utilized with the 160 lbs/A nitrogen treatment.

Potassjum treatments were broadcast before planting and incorporated by plowing. The four com hybrids
were planted on April 28th, at a population of 30,700 seeds/A in 30 inch rows. Starter fertilizer was
applied as a side banded application of 160 lbs/A of 10-10-10. Weed control was accomplished by using
Roundup (1 1b/A a.i.) and Dual (1.5 lbs/A a.i.) on April 30th and Buctril (3/8 1b/A a.i.) on May 27.
Nitrogen treatments were applied as arhydrous ammonia on June 2nd (4-5 leaf growth stage). Nitrification
irhibitors were applied by injection into the arhiydrous ammonia flow stream. Injection took place before
the manifold and passed through a bidirectional flow integrator prior to the manifold.

Plant and soil samples were taken four times during the growing season. Plant samples were taken on June
12th, July 16th, August 10th, and September 16. These dates corresponded to the 12-leaf, silking,
predent, and physiological maturity, growth stages, respectively. Total plant material was removed from
20 ft2 of plot area for each of the first three harvests and 100 ft? vas sampled for the final sampling.
For the first two harvests total dry matter production was determined and subsamples collected for
nitrogen concentration and determination of total nitrogen uptake. Plant samples obtained during the
third and fourth harvest were separated into grain and stover samples. Separate determinations were made
for dry matter production and nitrogen concentrations. Grain yields were adjusted to 15.5% moisture.
Soil samples were collected from all nitrogen cambinations at the high K rate for two hybrids (Pioneer
3732 and A632 x 1H39). Six to eight cores were taken fium a depth of O-1 ft twough the ahydros amoniia
injection zone. All soil samples were analyzed for nitrate and ammonium nitrogen.

The irrigation program began on May 4th and contimued through September 8th with a total of 12.8 inches
being applied through an overhead solid set irrigation system. An additional 14.3 inches of water was
obtained during the growing season as rainfall.

Waseca: The corn experiment at Waseca was similar to that established at Becker except only 40 treatmerts
were evaluated. The experimental design was a split plot with four replications. Treatments included a
factorial cambination of four hybrids (Pioneer 3732, Pioneer 3475, IH/4 x IHSl, ad AG32 x 1H38), with two
nitrogen rates (80 and 160 lbs N/A), two potassium rates (0 and 100 lbs K/A), and two nitrification



123

irhibitor treatments (w/wo N-Serve 0.5 lbs/A). Two controls both with mo fertilizer nitrogen it ae with
potassium and one without was also included into the experiment.

Potassium treatments were applied in the fall of 1986. The four corn hybrids were planted on April 27 at
a population of 32,000 seeds/A in 30 inch rows. Weed control was accomplished with a tank mix of Lasso
(3.5 1bs/A a.i.) and Bladex (3 1lbs/A a.i.) on May 5th. Nitrogen treatments were applied as arhydrous
amonia on June 5th using procedures similar to that used at Becker.

Plant ard soil samples were taken four times (June 26th, July 17th, August 14th, and September lath),
during the growing season. This coincides with the comparable growth stages at the Becker location. The
same plant sampling procedures were used at the Waseca location as was described with the other
experiment. Soil samples were collected from the zero k rate (all N conbinations) for two of the hybrids
(Pioneer 3732 and A632 x IH38) at each plant sampling.

General Results

The results from the Becker location are presented in tables 1-10, and a sumary of the results from
Waseca are presented in tables 11-23. The discussion presented here will not attempt to interpret all of
the results. Major emphasis will be placed on the Iinterpretations of the firsl yield and N utilization by
the crop. A more thorough evaluation of the remaining data will be conducted at a later time.

Becker: Grain yields at this location in 1987 were excellent. The hybrid ylelds were significantly
different. Pioneer 3732 had lower ylelds than the other hybrids tested. A significant yield response to
nitrogen rate was obtained up to 160 1lbs N/A, but the yield increase over the 80 1b/A treatment was only
12 bu/A (204 to 216 bu/A). The nitrification irhibitor treatments did not significantly (.05) increase
final yields, but did increase nitrogen concentrations in the grain and stover which resulted in more
total nitrogen removed by the crop. Samples at the predent growth stage indicated a yield increase from
the nitrification inhibitor treatment, but this did not carry over to the final yield. A significant
nitrogen-hybrid-irhibitor interaction would suggest that all hybrids did rot respod in the samre maxer to
the nitrogen treatwents applied. Potassium had no significant impact on final grain yleld. A trend for
reduced ylelds and reduced nitrogen uptake with increasing rates of potassiim were dbserved with the final
harvest, Earlier samples indicated significant reductions in production and N uptake with K
fertilization,

Waseca: Grain yields at this location were excellent in 1987. Potassium application had no significant
influence on grain yield, but a significant hybrid-ivhibitor-K rate interaction would suggest that mot all
hybrids responded in the same marmer to the potassium treatment. Hybrids were again significant with
Pioneer 3732 having lower final yields than the other hybrids tested. Grain ylelds were significantly
increased up the 160 1lbs N/A rate but this increase was only 4.6 bu/A (184 to 188.6 bu/A). The
nitrification inhibitor treatment had no overall influence on grain yield or nitrogen uptake except for
the three way interaction previously mentioned. Samples taken at predent indicated that potassium
fertilization was reducing yields. At the predent stage Pioneer 3732 which had the lowest final yleld vas
the highest yielding hybrid at that stage. This would suggest that the hybrids were indeed accumilating
nitrogen and yield components at varying rates through the season.

These experiments will be contimed next year to determine how envirommental differences influence the
ability of a hybrid to respond and utilize fertilizer nitrogen and potassium.
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Table 1. Influence of N-Rates, K-Rates, nitrification inhibitors on four corn hybrids, stover N content,
total N removal and drymatter production by irrigated com Becker, MN 1987.

Whole Plant Whole Plant
N-Rate Hybrid Ivh, K-Rate 12 1eaf Stover Tassling Stover
#/A #/A T/A sN #A T/A s N #A
80 Pioneer 3732 --- --- 1.44 2.8 83.2 4.43 1.95 174.1
80 NS - 1.68 2.92 98.5 4,70 1.82 170.6
80 --- 100 1.41 2.68 75.3 4,39 1.82 160.5
80 NS 100 1.3 2.85 78.1 4,42 1.79 158.2
80 --- 200 1.24 2,97 73.6 4,52 1.87 170.4
80 NS 200 1.3 2,92 78.0 3.97 1.7 137.9
160 .ew 200 1.33 291 76.9 4,17 2,07 171..8
160 NS 200 1.35 291 78.6 3.0 1.80 142.2
240 -- - 1.48 2.89 85.2 431 198 172.3
240 NS --- 1.37 3.02 81.9 4,28 2.04 172.0
240 -e- 100 1.21 2.87 69.5 3.81 2.07 158.1
240 NS 100 1.37 2.75 75.2 4.43 2.08 185.0
240 --- 200 1.21 2.95 70.7 4.09 1,92 156.5
240 NS 200 1.24 2.88 71.5 4.47 2.02 180.2
80 Pioneer 3737 .e- .ee 1.52 3.02 91.0 472 1.9 184.0
80 NS --- 1.46 3.25 9.4 4.19 2.08 173.2
80 -—- 100 1.28 3.00 76.8 416 2.06 171.7
80 NS 100 1.31 3.00 78.8 4.27 2.06 176.1
80 --- 200 1.22 295 71.3 3.9 1.92 151.9
80 NS 200 1.24 3.05 73.2 4,07 1.94 159.5
160 -—— 200 1.12 3.04 68.2 3.88 1.98 153.9
160 NS 200 1.19 3,18 75.6 4,33 2.03 175.0
240 --- --- 1.35 3.16 8.9 4,32 2.16 186.4
240 NS --- 1.40 3.15 88.2 4.29 2.14 183.1
240 .- 100 1.16 3.04 70.5 3.97 2,22 175.8
240 NS 100 1.26 3.11 78.4 3.82 2.10 159.9
240 --- 200 1.04 3.01 62.5 3.85 2.13 164.6
240 NS 200 1.24 3.07 76.1 4,12 2.23 183.4
80 A6A32 X IH39 --- .e- 1.39 2,99 82.1 4.63 1.87 173.0
80 NS --- 1.45 2,93 84.5 4,53 2.04 184.6
80 --- 100 1.19 2.82 66.5 3.78 1.82 136.1
80 NS 100 1.29 298 77.1 4,08 2.04 164.9
80 --- 200 1.20 2.78 66.5 3.8 1.91 146.7
80 NS 200 1.05 2.89 66.4 4.02 1.97 159.0
160 --- 200 1.37 292 80.0 398 219 175.2
160 NS 200 1.06 3.10 71.4 4,16 1.88 155.6
240 --- .- 1.50 3.02 90.8 446 2.05 182.0
240 NS --- 1.38 2.99 81.3 390 2.03 1571
240 - 100 1.23 3.11 76.3 392 214 167.1
240 NS 100 1.25 2.98 74.7 4.00 2,27 182.3
240 .-- 200 1.3 2.8 76.2 4,09 215 175.7
240 NS 200 1.29 2,98 76.5 441 2.05 179.8
80 DeKalb 484 -e- --- 1.46 2.86 83.2 3.90 2.03 158.1
80 NS --- 1.29 2.76 70.8 4,22 198 170.9
80 —uu 100 1.2 295 71.1 403 1.83 146.8
80 NS 100 1.28 2.88 73.3 4.07 2,06 168.0
80 --- 200 1.04 3.01 62.4 3.71  1.69 125.7
80 NS 200 1.33 3.01 79.8 3.89 1.83 142.0
160 —-- 200 1.23 311 76.1 411 199 162.8
160 NS 200 1.13 2,97 66.9 3.81 1.95 147.7
240 -—- - 1.37 2.98 8l.3 4,13 2.32 192.1
240 NS --- 1.43 2,90 83.1 4,35 2,09 181.8
240 .e- 100 1.20 2.71 65.0 360 1.91 137.3
240 NS 100 1.13  3.05 68.4 4.08 2.15 175.0
240 --- 200 1.14 2.82 64.0 4,10 2,19 180.6
240 NS 200 1.03 2.92 65.7 3.92 2.10 167.1
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Tsble 2. Influence of N-Rates, K-Rates, nitrification irhibitors on four corn hybrids on grain yields,and
drymatter production at the predent stage of plant growth on irrigated comn Becker MN 1987.

Grain Dry Matter Production
N-Rate Hybrid Ich, K-Rate  Yields Gn tover To
#/A #/A ByA  ceecmmeeeecocod 7 N
80  Pioneer 3732 - - 133.5 3.92 4.67 0.76 8.59
80 N --- 129.2  3.76 4.91 0.70 8.66
80 -~ 100 119.3  3.46 4.58 0.64 8.04
80 NS 100 108.7  3.17 4.47 0.59 7.64
80 —-- 200 125.5 3.62 4.70 0.65 8.32
80 NS 200 1%.2 3.9 5.02 0.72 8.92
160 --- 200 1243  3.64 4.63 0.70 8.27
160 N 200 131.8 3.85 4.65 0.73 8.50
260 130.7 3.81 4.3% 0.71 8.15
20 2 131.7 3.8 4.15 0.70 7.97
20 --- 100 122.9 3.56 4.38 0.65 7.95
240 NS 100 127.9 3.72 4.61 0.70 8.13
20 —-- 200 117.0  3.44 4.32 0.68 7.76
240 NS 200 132.6 3.8 4.50 0.70 8.%
80 Pioneer 3737  ---  --- 163.8  4.03 4.23 0.62 8.25
80 NS --- 139.2 3.85 4.01 0.56 7.86
80 -—-- 100 139.0 3.9 4.11 0.62 8.02
80 NS 100 132.8 3.74 4.18 0.60 7.92
80 —-- 200 132.3  3.73 4.03 0.60 7.76
80 NS 200 13%.1 3.7 3.90 0.53 7.61
160 —.e 200 127.6  3.64 3.89 0.62 7.53
160 NS 200 141.7  4.03 4.16 0.68 8.20
240 152.8  4.29 4.62 0.67 8.91
240 NS  --- 137.9  3.92 4.22 0.66 8.15
240 --- 100 129.1  3.66 3.93 0.6l 7.59
240 NS 100 130.1  3.65 4.09 0.57 7.7
20 —e- 200 139.3  3.92 3.9 0.62 7.86
240 NS 200 131.8  3.81 4.07 0.69 7.87
80 A632 X IH39 128.2  3.89 4.25 0.86 8.15
80 NS --- 135.8  4.05 4.24 0.83 8.28
80 --- 100 125.4  3.79 4.13 0.82 7.92
80 NS 100 122.8  3.80 4.23 0.89 8.02
80 --- 200 115.0 3.46 3.99 0.7 7.4
80 NS 200 1203  3.64 4.16 0.79 7.80
160 --- 200 123.9 3.7 4.22 0.83 7.97
160 NS 200 122.4  3.69 4.15 0.80 7.8
20 1%.4 404 4.32 0.86 8.3
240 NS --- 133.0  4.01 4.38 0.86 8.39
20 - 100 123.2  3.70 4.03 0.78 7.73
240 NS 100 125.4  3.77 4.14 0.80 7.91
20 --- 200 121.6 3.7 4.25 0.88 8.01
20 NS 200 139.0 4.23 4.59 0.9 8.82
80 DeKalb 484 126.4  3.70 4.58 0.71 8.82
80 NS --- 122.5 3.60 4.47 0.70 8.06
80 --- 100 13.6 3.3% 4.37 0.65 7.71
80 NS 100 117.0  3.43 3.91 0.66 7.%
80 --- 200 115.5 3.36 4.24 0.63 7.60
80 NS 200 117.3  3.46 4.52 0.69 7.98
160 --- 200 113.4  3.% 4.32 0.66 7.67
160 NS 200 107.2  3.23 4.10 0.70 7.33
2640 125.9  3.69 4.36 0.71 8.05
20 NS --- 140.8  4.12 4.82 0.79 8.%
20 --- 100 122.6 3.61 4.07 0.71 7.68
20 NS 100 123.3  3.67 4.45 0.75 8.11
20 --- 200 12.9 3.33 4.06 0.65 7.39
20 NS 200 19.7 3.51 4.07 0.68 7.58
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Table 3. Influence of N-Rates, K-Rates, nitrification irhibitors on four com hybrids on grain, stover,and
cob N content and total N removal at the predent stage of plant growth an irrigated com Becker, MV 1987.

N-Concentxation N-Removal
N-Rate Hybrid Inh, K-Rate Stover  Grain Cob Stover Grain  Cob  Total
#/A #A  eeememee- LT Y/ CEPEETREEPRP
80 Pioneer 3732 ---  --- 1.39 1.36 0.63 1499 8.3 9.5 2458
80 NS - 1.3 1.39  0.62 150.5 84.7 8.6 243.8
80 --- 100 1.37 1.39 0.58 4.1 791 7.4 230.6
80 NS 100 1.32 1.40 071 1331 716 8.3 213.1
80 --- 200 1.15 1.3 0.7 121,99 79.7 9.2 210.8
80 NS 200 1.30 1.39  0.72 149.9 885 10.4 248.9
160 --- 200 1.38 1.38 0.74 147.4 809 10.2 238.6
160 NS 200 1.24 1.38 0.78 133.1 8.0 11.4 230.6
240 .- --- 1.51 1.43  0.69 151.8 87.7 9.6 249.1
240 NS .- 1.27 1.45 0,57 1245 9.3 8.2 2231
240 --- 100 1.23 1.39 0.73 1236 810 9.6 214.3
240 NS 100 1.39 1.36 0.69 1410 825 9.5 2331
260 --- 200 1.32 1.36 0.77 131.3  75.1 10.3 216.8
260 NS 200 1.41 1.42 0.67 145.8 89.2 9.4 244.5
80 Pioneer 3737 .- e 1.32 1.45 0.51 128.6 99.0 6.3 233.9
80 NS --- 1.2 1.55 0.60 11.5 102.3 6.6 220.4
80 --- 100 1.20 1.44 0.5 112.8 9.9 6.4 214.2
80 NS 100 1.32 l.46 0.62 1259 919 7.2 2251
80 --- 200 1.1 1,42 0.55 102.8 88.7 6.5 198.2
80 NS 200 1.23 1.45 0.39 108.5 91.6 4.0 204.2
160 --- 200 1.31 1.48 0.60 118.7 89.1 7.3 215.2
160 NS 200 1.3 1.49 0,56 130.2 100.1 7.7 238.1
240 .- em- 1.18 1.52 0.45 124,7 109.9 6.1 240.7
240 NS --- 1.55 1.56 0.46 150.4 101.6 5.9 257.9
240 --- 100 1.24 1.49 0.61 112.3 9.8 7.4 210.6
240 NS 100 1.33 1,51 0.5 122.2 93.0 6.1 221.4
240 --- 200 1.47 1.42 0.57 133.2 93.4 7.1 233.8
240 NS 200 1.19 1.52 0.53 135 9%.9 7.3 215.7
80 A632 X IH39 cee ee- 1.26 1.56 0.51 129.6 9.8 8.7 233.2
80 NS --- 1.41 1.66 0,53 143.3 106.8 8.8 259.0
80 --- 100 1.03 1.42 0.50 101.5 8.5 8.4 19%.5
80 NS 100 1.23 1.58 0.49 126.5 92.4 8.6 227.6
80 --- 200 1.27 1.57 0.70 119.9 85.5 10.2 215.7
80 NS 200 1.2 1.61 0.52 12126 91,5 8.0 221.2
160 --- 200 1.17 1.9 0.57 118.7 98.7 9.3 226.8
160 NS 200 1.33 1.61 0.59 129.6 93.4 9.4 2325
240 ee ee- 1.23 1.69 0.47 126.8 107.5 8.0 242.4
240 NS .- 1.36 1.78 0.46 141.9 111.9 7.9 261.8
240 --- 100 l.41 1.60 0.43 136.4 93,5 6.6 236.6
240 NS 100 1.38 1.66 0.59 134.7 985 9.4 2427
240 -« 200 1.31 1.6 0.51 1354 97.3 8.9 241.7
240 NS 200 1.34 1.75 0.52 148.8 1151 9.8 273.7
80 DeKalb 484 -—- -e- 1.13 1.61 0.53 119.7 9%6.6 7.4 223.8
80 NS --- 1.18 1.62 0.47 1225 93.8 6.6 223.0
80 --- 100 1.17 1.5 0.57 118.4 82.8 7.4 208.7
80 NS 100 1.27 1.58 0.51 116.6 87.7 6.8 211.1
80 --- 200 1.16 1.45 0.49 115.1 789 6.2 200.3
80 NS 200 1.30 1.5 0.50 136.4 86.2 6.8 229.5
160 --~ 200 1.25 1.65 0.55 125.0 88.6 7.4 221.2
160 NS 200 1.25 1.3 0.72 119.3 82,5 10.0 211.9
240 —ee - 1.55 1.66 0.53 155.8 98.7 7.3 261.9
240 NS --- 1.43 1.69 0.68 160.7 112.5 10.9 284.2
240 --- 100 1.36 1.53 0.64 130.0 89.0 9.3 228.3
240 NS 100 1.46 1.67 0.59 151.0 97.9 8.8 257.7
240 --- 200 1.27 1.59 0.73 119.9 85.0 9.5 214.4
240 NS 200 1.42 1.61 0.53 136.5 91.0 7.2 2349



127

Table 4. Influence of N-Rates, K-Rates, nitrification inhibitors on four com hybrids on grain yields,and

Dry Matter Production

drymatter production at physiological maturity on irrigated corn Becker,MN 1987.
Grain

Stover,

K-Rate

Ich,

Hybrid

N-Rate

SRR, 77—

#/A
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Table 5. Influence of N-Rates, K-Rates, nitrification irhibitors on four com hybrids on grain,stover,and
rid
80  Pioneer 3732
Pioneer 3737
80 A632 X 1H39

cob N content and total N removal at physiological maturity on irrigated corm Becker, MN 1987.
N- .
L Stover

N-Rate
#/A
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Whole Plant
Tassling Stover
T/A %N #/A
Pioneer 3732 1.29 293 75.8 4.23 191 162.4
Pioneer 3737 1.17 3.05 71..2 4,03 2.03 164.7
A632 X LH39 1.25 2,91 72.8 4,08 2.02 165.3
DeKalb 484 1.16 2.97 69.2 3.92 1.95 154.3
P-Value 28 94 98 89 81 48
BLSD (.05) 4.7
N-Rate
80 1.22 2.9 71.4 3.99 1.8 149.1
160 1.24 3.02 749 4,07 1.9 162.4
240 1.20 2.93 70.4 413 2.09 173.5
P-Value 46 89 g5 52 99 99
BLSD (.05) 4.0 0.10 14.0
Inhibitor
Nore 1.20 2.94 70.7 4,02 2.00 161.3
N-Serve 1.23 2.99 73.7 411 1.9 162.0
P-Value 2! 82 95 77 57 10
Hybrid X N-Rate 81 K’/ 95 1 28 8
Hybrid X Ichibitor 92 70 87 66 45 51
N-Rate X Irhibitor 78 2 81 40 65 44
Hybrid X N-Rate X Irh. 74 16 96 52 31 57
Split Plot t -Rate
K-Rate
0 1.43 2,97 85.3 4,33 2.03 175.9
100 1.25 2.92 73.4 4,05 2.02 163.9
200 1.21 2.9% 70.9 4,06 1,97 161.3
P-Value 98 72 99 50 50 94
BLSD(.05) 0.09 4.8
rid X N-Rate X Irhibito
Hybrid
Pioneer 3732 1.36 2.87 78.4 4,31 1,92 166.3
Pioneer 3737 1.29 3.06 78.8 414 2.08 172.5
A632 X 1H39 1,30 2.94 76.6 4,13 2.02 167.4
DeKalb 484 1.24 290 72.3 4,00 2,01 162.1
P-Value 9% 99 98 99 99 70
BLSD(.05) 0.06 4.8 0.19 0.09
N-Rate
80 1.32 2,92 77.4 4,18 1,91 161.0
240 ) 1.27 2.96 75.7 411 2,10 1731
P-Value 87 85 69 74 99 99
Inhibitor
None 1.28 2,92 75.0 411 1.9 164.5
N-Serve 1.31 2.96 78.0 4,18 2.02 169.6
P-Value 78 86 9% - 73 63 82
Hybrid X N-Rate 77 48 91 50 9 43
Hybrid X Irhibitor 17 13 3 32 27 27
N-Rate X Irhibitor 36 24 50 51 58 7
Hybrid X N-Rate X Inhibitor 47 79 58 55 71 88
Hybrid X N-Rate X Inhibitor X K-Rate
Hybrid X K-Rate 5 90 12 24 23 94
N-Rate X K-Rate U 55 8 97 57 91
Hybird X N-Rate X K-Rate 15 33 43 54 53 59
Irhibitor X K-Rate 60 11 66 80 56 83
Hybrid X Irhibitor X K-Rate 32 59 35 79 63 31
N-Rate X Irhibitor X K-Rate 18 8 1 49 8 44
Hybrid X N-Rate X Ivhibitor X K-Rate 95 72 76 83 6 31



Table 7. Contirued from table 2.Predent Crain Dry Matter Production
200 # K-Rate only RCB ( Hybrid X N-Rate) Yields _ Grain _ Stover Total
Hybrids Bu/A  eeeeeeeooeld T/A----nnenmoencns
Pioneer 3732 126.9 299 461  0.68 31
Pioneer 3737 134.4 317 3.9 061 7.7
A632 X 1H39 123.7 292 422 082 7.97
DeKalb 484 114.3 270 421 0.66 7.58
P-Value 99 99 99 99 99
BLSD (.05) 6.0 0.4 0.2 0.03 0.38
N-Rate

80 124.3 293 431 066 7.92
160 123.5 291 424 070 7.88
240 126.7 299 42 072 1.9
P-Value 50 50 35 99 8
BLSD (.05) 0.03
Irhibitor
None 122.3 2.89 421 0.68 7.79
N-Serve 127.3 3.00 431 071 8.04
P-Value 97 97 76 9% 93
Hybrid X N-Rate 58 58 21 % 86
Hybrid X Irhibitor 45 45 6 4 18
N-Rate X Inhibitor 39 40 41 81 43
Hybrid X N-Rate X Irh. 74 74 81 61 42
Split Plot without the 160# N-Rate
K-Rate

0 134.1 316 440 072 8.3l
100 123.9 292 421 0.68 7.83
200 125.5 2,9 426 0.69 7.93
P-Value 7} 92 91 99 89
BLSD(.05) 0.02
rid X N-Rate 1tor

Hybrid
Pioneer 3732 126.1 297 453 067 8.2
Pioneer 3737 136.8 3.23 410 060 7.9
A632 X IH39 127.0 3.00 4.2 0.8 8.06
DeKalb 484 121.4 2.8 432 0.68 7.88
P-Value 99 99 99 99 77
BLSD(.05) 5.3 0.12 018 0.02
N-Rate

80 126.3 298 432 0.68 8.00
240 129.4 3.05 4.2 071 8.05
P-Value 87 87 60 99 35
Irhibitor
None 127.1 3.00 426 0.69 7.97
N-Serve 128.6 3.03 432 070 8.08
P-Value 56 56 61 65 65
Hybrid X N-Rate 25 25 % 3% 69
Hybrid X Irhibitor 70 70 24 76 56
N-Rate X Irhibitor 64 64 51 77 64
Hybrid X N-Rate X Irhibitor 35 - 35 41 19 18

d X N- X itor X K-Rate

Hybrid X K-Rate 37 37 62 58 52
N-Rate X K-Rate 5 5 13 85 6
Hybird X N-Rate X K-Rate %0 % 79 99 96
Irhibitor X K-Rate 88 88 54 88 82
Hybrid X Irhibitor X K-Rate 0 30 16 6 33
N-Rate X Irhibitor X K-Rate 19 19 38 38 38
Hybrid X N-Rate X Irhibitor X K-Rate 51 51 3% 55 34
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Table 8. Contirued from tsble 3. Predent  N-Corncentration N-Removal

00 -Rate onl: - Stover Grain Cob tove Cob_Total
Bbrids = eeeeeee- S “HfAeeomcecannan
Pioneer 3732 1.30 1.38 0.71 138.0 829 9.9 230.9
Pioneer 3737 1.27 1.46 0.53 117.8 929 6.6 217.5
A632 X 1H39 1.27 1.65 0.56 129.0 96.9 9.3 235.3
DeKalb 484 1.27 1.57 0.58 125.4 8.4 7.9 218.7
P-Value 6 99 99 99 99 99 95
BLSD (.05) 0.03 0.06 13.0 4.8 1.0 17.1
N-Rate

80 1.21 1.47 0.57 122.0 86.3 7.7 2le.1
160 1.28 1.53 0.62 127.6 89.7 8.9 226.2
240 1.3 1.5 0.60 133.1 92,6 8.7 23%4.4
P-Value 98 99 86 88 98 97 98
BLSD (.05) 0.09 0.03 4,6 0.9 13.6
Inhibitor
None 1.26 1.50 0.62 124.1 86.7 8.5 219.5
N-Serve 1.29 1.53 0.57 131.0 92.3 8.3 231..7
P-Value 64 97 9 88 99 38 98
Hybrid X N-Rate 8 88 89 41 88 47 66
Hybrid X Irhibitor 41 25 26 22 32 17 19
N-Rate X Inhibitor 46 93 88 57 87 71 64
Hybrid X N-Rate X Irh. 83 27 9% 68 73 9 76
Split Plot without the 160# N-Rate
K-Rate

0 1.33 1.56 0.54 137.0 99.0 7.9 2440

100 1.29 1.50 0.58 126.9 88.2 7.9 2231
200 1.28 1.50 0.58 127.5 89.5 8.2 225.3
P-Value 49 84 50 73 93 8 85
BLSD(.05)
Hybrid X N-Rate X Iphibitor
Hybrid
Pioneer 3732 1.33 1.39 0.67 138.9 83.0 9.1 231.2
Pioneer 3737 1.27 1.48 0.52 120.5 96.0 6.4 223.0
A632 X 1H39 1.28 1.63 0.51 130.5 98.3 8.6 237.5
DeKalb 484 1.31 1.59 0.56 1319 917 7.8 2315
P-Value 48 99 99 99 99 99 87
BLSD(.05) 0.03 0.04 10.1 4.0 0.7
N-Rate

80 1.24 1.49 0.56 125.4 89.1 7.7 222.4
240 1.35 1.55 0.58 135.,5 95.3 8.3 239.2
P-Value 99 99 72 99 99 97 99
Irhibitor
None 1.27 1.49 0.57 126.9 90.0 8.0 225.0
N-Serve 1.32 1.55 0.56 13,0 9.5 7.9 236.6
P-Value 92 99 64 96 99 25 99
Hybrid X N-Rate 80 99 98 93 87 95 9%
Hybrid X Inhibitor 14 6l 7 25 8l 16 60
N-Rate X Inhibitor 40 22 20 8 60 42 33
Hybrid X N-Rate X Inhibitor 3 10 88 9 33 68 9
Hybrid X N-Rate X Irhibitor X K-Rate_
Hybrid X K-Rate 1 99 57 6 83 59 44
N-Rate X K-Rate 6 45 52 4 16 52 8
Hybird X N-Rate X K-Rate 9% 28 50 95 63 36 9%
Irhibitor X K-Rate 35 4 95 50 86 59 63
Hybrid X Irhibitor X K-Rate 90 70 43 70 25 5 69
N-Rate X Inhibitor X K-Rate 35 10 9 42 18 20 27

"Hybrid X N-Rate X Irhibitor X K-Rate 98 73 87 92 63 89 80
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Table 9. Contimsed from table 4. Grain Dry Matter Production
200 # K-Rate only RCB ( Hybrid X N-Rate) Yields  Grain  Stover Cob Total
Hybrids Fhysiological Mature Buy/A cececccccann- T/A----eeoomum---
Pioneer 3732 200.6 4.74 3.77 0.66 9.19
Pioneer 3737 219.4 5.18 3.25 0.56 9.01
A632 X 1H39 216.9 5.12 3.33 0.79 9.26
DeKalb 484 212.7 5.02 3.35 0.64 9.03
P-Value 99 99 99 99 76
BLSD (.05) 5.9 0.14 0.14 0.02
N-Rate

80 204.2 4,82 3.37 0.62 8.8
160 216.3 511 3.47 0.69 9.29
240 216.7 5.12 3.42 0.68 9.24
P-Value 99 99 59 99 99
BLSD (.05) 5.2 0.12 0.02 0.23
Inhibitor
None 210.6 4,98 3.39 0.65 9.03
N-Serve 214.2 5.06 3.6 - 0.67 9.21
P-Value 87 87 78 92 91
Hybrid X N-Rate 82 83 93 73 79
Hybrid X Irhibitor 93 93 88 42 93
N-Rate X Irhibitor 78 78 13 87 63
Hybrid X N-Rate X Irh, 89 89 97 99 99
Split Plot without the 160# N-Rate
K-Rate

0 214.8 5.07 3.53 0.67 9.29

100 209.8 4.96 3.38 0.65 9.00
200 210.4 4.97 3.40 0.65 9.04
P-Value 62 62 63 81 76
BISD(.05)
Hybrid X N-Rate X Irhibitor
Hybrid
Pioneer 3732 202.6 4.79 3.80 0.67 9.28
Pioneer 3737 215.7 5.09 3.30 0.55 8.9
A632 X 1H39 214.2 5.06 3.26 0.77 9.12
DeKalb 484 214.2 5.06 3.38 0.63 9.09
P-Value 99 99 99 99 97
BLSD(.05) 4.3 0.01 0.09 0.02 0.22
N-Rate

80 208.2 4,92 3.46 0.64 9.03
240 215.8 5.08 3.4 0.67 9.19
P-Value 99 99 74 99 96
Ivhibitor
Nore 210.1 4,96 3.40 0.65 9.03
N-Serve 213.2 5.04 3.47 0.66 9.19
P-Value 94 93 9 88 97
Hybrid X N-Rate 67 68 74 8l 78
Hybrid X Irhibitor 91 91 88 71 91
N-Rate X Inhibitor 44 44 64 67 63
Hybrid X N-Rate X Irhibitor 52 52 97 5 83
Hybrid X N-Rate X Ivhibitor X K-Rate
Hybrid X K-Rate 58 58 71 35 59
N-Rate X K-Rate 99 99 96 99 95
Hybird X N-Rate X K-Rate 66 66 29 29 32
Inhibitor X K-Rate 89 89 6 80 65
Hybrid X Irhibitor X K-Rate 57 57 61 44 63
N-Rate X Irhibitor X K-Rate 2l 71 1 57 36
Hybrid X N-Rate X Irhibitor X K-Rate 99 99 99 99 99



Table 10. Contimed from table 5.
-Rate only RCB rid X N-
Hybrids Physiological Mature
Pioneer 3732
Pioneer 3737
AR32 X 1H39
DeKalb 484
P-Value
BLSD (.05)
N-Rate
80
160
240
P-Value
BLSD (.05)
Irhibitor
None
N-Serve
P-Value
Hybrid X N-Rate
Hybrid X Irhibitor
N-Rate X Inhibitor
Hybrid X N-Rate X Irh.

t Plot the 1604 N-

K-Rate

0
100
200
P-Value
BLSD(.05)
Hybrid X N-Rate X Inhibitor

Hybrid
Pioneer 3732
Pioneer 3737
AR32 X 1H39
DeKalb 484
P-Value
BLSD(.05)
N-Rate
80
240
P-Value
Inhibitor
None
N-Serve
P-Value
Hybrid X N-Rate
Hybrid X Irhibitor
N-Rate X Inhibitor
Hybrid X N-Rate X Inhibitor
d X N-Rate X Iphibito -Ra
Hybrid X K-Rate
N-Rate X K-Rate
Hybird X N-Rate X K-Rate
Inhibitor X K-Rate
Hybrid X Inhibitor X K-Rate
N-Rate X Inhibitor X K-Rate
Hybrid X N-Rate X Irhibitor X K-Rate

0.70
0.77
9
72

39
85

47
45
71
70

1.49

1l.44

1.44
79

17
62
97
43

82
14
21
63

29

N-Removal

1) Yy Grain _Cob Total
------------ 7/ CEE LR R
76.5 130.5 8.3 215.4
73.1 148.7 5.8 227.7
73.2 156.4 8.4 238.1
70.3 151.2 6.9 228.6
88 99 99 99

5.8 0.59 8.6
62.9 136.1 6.6 205.6
77.2 150.6 7.6 235.5
79.7 153.5 7.8 241.2
99 99 99 99
3.9 50 0.53 7.0
70.8 142.5 7.3 220.7
75.7 151.0 7.4 234.2
99 99 52 99
9 98 81 99
21 S5 83 45
76 92 8 9
99 93 88 99
79.2 152.1 7.6 239.0
719 44,2 7.0 223.2
71.3 144.8 7.2 223.4
93 73 98 89

0.4

76.2 133.9 8.4 218.6
74.6 146.5 5.9 227.2
72.8 154.6 8.1 235.6
72.8 153.1 6.7 232.7
74 99 99 99

4.8 0.4 7.6
67.3 140.7 6.8 214.9
81.0 153.4 7.7 242.2
99 99 9 9
70.6 143.3 7.1 221.2
77.6 150.7 7.4 235.9
99 99 87 9
86 92 88 9
26 k! 67 34
30 89 11 62
76 54 30 67
12 72 ¥» 2
83 99 89 9%
97 99 25 99
13 99 2 1
15 42 66 13
83 22 10 89
97 75 83 99
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Table 11.Influence of N-Rates, K-Rates,nitrification inhibitors on four corn hybrids,stover N content,
total N removal and drymatter production Waseca, MN 1987.

Whole Plant Whole Plant
N-Rate Hybrid Inh, K-Rate 12 leaf Stover Tassling Stover
#/A #/A T/A &N #A T/A sN #A
0 Pioreer 3732 --- --- 1.63 237 771 4,38 1.47 127.8
0 ‘ --- 100 1.69 2.02 68.2 4.4 111  92.2
80 --- --- 1.82 2.53 91.5 471 1.56 147.7
80 NS “-- 1.62 2.47 79.8 4,55 1.52 138.5
80 --- 100 1.79 2.32 83.0 4,40 1.49 131.8
80 NS 100 1.66 2.42 80.3 4,92 1.42 140.5
160 .-- --- 1.77 2.40 846 4,68 1.60 149.6
160 NS --- 1.75 2.64 92.3 4.78 1,69 160.0
160 .- 100 1.57 2.42 76.0 4.3 1.60 139.0
160 NS 100 1.62 2.43 78.5 4,94 157 154.7
0 Pioneer 3475 --- .-- 1.69 1.98 66.8 4,33 1.07 92,0
0 --- 100 1.59 2.09 66.5 4.39 1,34 115.8
80 -e- -a- 1.66 2.64 88.0 4,9 159 156.4
80 NS --- 1.39 2.52 70.4 4,37 150 131.4
80 --- 100 1.55 2,46 76.6 3.9 1.45 116.0
80 NS 100 1.66 2.50 82.8 4,41 1.36 119.5
160 --- --- 1.59 2.62 83.6 4,80 1.55 148.1
160 NS --- 1.78 2.48 87.9 4,72 1.61 151.2
160 --- 100 1.64 249 8l.4 4,26 1.42 120.3
160 NS 100 1.50 2.64 79.2 4,98 1.61 159.4
0 IH74 X IH51  --- - 1.68 2.32 78.1 4,57 1.36 126.0
0 .- 100 1.73 2.09 72.1 4,43 1.22 106.7
80 --- --- 1.77 2,52 89.6 4,71 1.59 150.7
80 NS .- 1.68 2.43 81.6 471 162 152.1
80 --= 100 1.72 2.51 86.2 5.12 1.5 160.0
80 NS 100 1.72 2.37 8l.5 4,82 1.45 141.0
160 .-- --- 1.61 2.45 78.9 4.8 1,78 1711.3
160 NS --- 1.65 2.52 82.8 4.79 1.83 178.0
160 --- 100 1.54 2.61 80,2 4,37 171 149.6
160 NS 100 1.59 2.67 85.3 4,84 1.8 174.8
0 A632 X 1H38  --- .- 1.49 231 69.1 3.87 1.37 106.6
0 --- 100 1.53 2.03 61.7 397 1.26 995
80 --- .-- 151 2.64 79.2 417 1.65 137.8
80 NS --- 1.63 2.59 84.8 444 1.79 158.8
80 --- 100 1.62 2.62 84.6 429 1.8 154.9
80 NS 100 1.62 2.61 845 4,25 1.52 129.8
160 --- --- 1.61 2.66 84.8 4,06 1,75 141.2
160 NS --- 1,62 2.61 8.7 4,31 1.67 145.0
160 --- 100 1.38 259 715 4,37 1.72 149.8
160 NS 100 1.61 2.64 85.0 4.3 1.74 150.9
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Table 12. Influence of N-Rates,K-Rates, nitrification inhibitors on four cam hybrids an grain yields, ad

drymatter production at the predent stage of plant growth. Waseca,MN 1987.

Dry Matter Production

Grain
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Table 13.Influence of N-Rates, K-Rates,nitrification irhibitors on four com hybrids on grain, stover,and
cob N content total N removal at the predent stage of plant growth Waseca, MN 1987.

N-Concentration N-Removal
N-Rate Hybrid Inh, K-Rate Stover _ Grain Cob Stover  Grain  Cob Total
#/A #/A e $omocrmommcen cmmecccccacena- #A- e meee-
0 Pioreer 3732 --- .-- 0.97 1.32 0.54 79.5 8.3 6.1 169.9
0 --- 100 0.65 1.17 0.47 53.3 62.7 4,5 120.5
80 --- --- 0.99 1.36 0.51 84.5 98.8 7.3 190.6
80 NS --- 0.96 1.35 0.43 74.2 89.4 5.9 169.6
80 --- 100 1.01 1.44 0.48 85.0 85.1 6.1 176.3
80 NS 100 0.95 1.35 0.44 71.9 83.0 5.6 160.6
160 --- --- 1.21 1.39 0.47 96.5 9%.5 6.7 197.9
160 NS --- 1.22 1.47 0.45 96.5 97.5 6.3 200.3
160 --- 100 1.02 1.43 0.48 83.9 93.7 6.4 184.1
160 NS 100 1.01 1.41 0.47 83.7 95.8 6.4 186.0
0 Pioreer 3475 --- .e- 0.55 1.16 0.42 44.6 58.1 4,5 107.3
0 - 100 0.75 1.21 0.42 62.2 66.7 5.0 134.0
80 -—- .e- 0.98 1.36 0.49 89.4 93.7 7.4 190.6
80 NS .-e 1.19 1.% 0.45 105.1 85.1 6.6 196.8
80 --- 100 1.08 1.38 0.51 96.7 87.0 6.9 190.7
80 NS 100 0.99 1.37 0.47 86.9 77.9 6.4 171.3
160 --- --- 1.01 1.45 0.46 86.5 92.3 6.6 185.5
160 NS --- 1.12 1.43 0.48 97.2 91.7 6.9 195.8
160 - 100 1.22 1.42 0.57 99.1 78.4 7.6 185.1
160 NS 100 1.04 1.41 0.50 99.9 87.8 7.0 194.8
0 1H74 X 1H51 --- --- 0.78 1.23 0.38 73.2 69.6 3.7 146.6
0 --- 100 0.60 1.12 0.40 48.1 50.2 3.5 101.9
80 .e- -—-- 1.16 1.48 0.38 100.5 86.0 3.6 190.2
80 NS --- 0.97 1.32 0.39 101.3 8l.4 4.5 187.3
80 --- 100 1.03 1.39 0.41 93.6 76.5 4.4 174.5
80 NS 100 0.86 1.39 0.40 82.9 79.2 4.4 166.6
160 .-- .eu 1.09 1.53 0.41 101. 89.0 4.4 195.1
160 NS --- 1.23 1.53 0.40 118.3 95.4 4.7 218.5
160 --- 100 0.98 1.55 0.46 91.5 8.4 5.1 183.0
160 NS 100 1.19 1.61 0.46 119.1 88.9 5.3 213.4
0 A632 X 1H38 --- --- 0.65 1.22 0.37 45.5 63.6 3.6 112.8
0 --- 100 0.65 1.32 0.43 44.0 57.5 3.6 105.3
80 --- --- 0.95 1.48 0.35 71.3 92.5 4,0 168.0
80 NS --- 1.18 1.60 0.43 86.1 92,6 4.8 183.1
80 --- 100 1.06 1.52 0.43 85.3 91.6 5.8 182.8
80 NS 100 1.02 1.59 0.39 91.5 9.5 5.3 191.4
160 --- --- 1.21 1.67 0.41 102.2 103.6 4.8 210.7
160 NS --- 1.32 1.67 0.40 104.1 107.6 5.6 217.3
160 --- 100 1.19 1.72 0.43 110.9 117.2 6.1 234.3
160 NS 100 1.17 1.55 0.44 91.5 91.7 5.6 188.9
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Table 14. Influence of N-Rates,K-Rates, nitrification irhibitors on four com hybrids on grain yields, ad
drymatter production at physiological maturity Waseca,MN 1987.

Grain Dry Matter Production .
N-Rate Hybrid Irh, K-Rate Yields Grain Stover  Total
#/A #/A Bu/A.  e--ee-ee- T/A----=-------
0 Pioreer 3732 --- .e- 157.6 3.73  4.10 7.83
0 ‘ --- 100 128.3 3.0 3,97 7.00
80 --- --- 175.6 415 4.30 8.45
80 NS --- 180.1 4,26 4.22 8.49
80 --- 100 175.0 414 4.30 8.44
80 NS 100 173.8 411 4.32 8.44
160 --- --- 179.2 424 4.44 8.68
160 NS --- 186.2 441  4.40 8.81
160 --- 100 182.3 431  4.82 8.93
160 NS 100 168.1 3.98 4,61 8.58
0 Pioneer 3475 --- --- 136.5 323 3.8 7.07
0 --- 100 156.2 3.70  4.09 7.78
80 --- --- 189.2 4,48 4.52 9.00
80 NS -a= 193.1 4,57 4.5 9.06
80 --- 100 188.9 4.47 4.53 9.01
80 NS 100 179.0 4.24 4.3 8.54
160 --- --- 196.1 4,64 4,78 9.42
160 NS --- 193.5 4,58 4.67 9.25
160 --- 100 191.4 4,53 4.9 9.43
160 NS 100 190.8 4.52 4.88 9.39
0 1H74 X 1H51 —-- --- 170.9 4,06 4.22 8.26
0 --- 100 161.8 3.83 421 8.04
80 --- --- 185.5 4.39 4.9 8.88
80 NS --- 184.1 4,36 4.13 8.49
80 .e- 100 182.6 431 4.52 8.82
80 NS 100 198.3 4,69 4.53 9.22
160 --- --- 193.9 459  4.36 8.95
160 NS --- 191.3 4.53 4.69 9.22
160 --- 100 177.2 419 457 8.77
160 NS 100 208.3 493 471 9.64
0 A632 X TH38 .ee .e= 143.4 3.39  3.41 6.81
0 .e- 100 115.9 2.7 3.28 6.02
80 .-- --- 188.5 4.46 391 8.37
80 NS --- 183.1 4,33 3.64 7.98
80 --- 100 182.9 4.33 4.11 8.44
80 NS 100 184.3 4,36 4.13 8.49
160 --- --- 177.4 4,20 3.8 8.05
160 NS --- 187.8 4.45 4.04 8.49
160 .ea 100 198.1 469 4.39 9.07
160 NS 100 196.9 4,66 4.28 8.9%
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Table 15. Influence of N-Rates, K-Rates,nitrification irhibitors on four com hybrids on grain, stover,ad
cob N content total N removal at physiological maturity Waseca, MN 1987.

N-Concentration N-Removal
N-Rate Hybrid Irh, K-Rate Stover Grain Stover Grain Total
#/A #A  eeee-e- e e TP P S PR HfA-----eemene
0 Pioneer 3732 --- --- 0.55 1.25 44.9 94.3 139.3
0 --- 100 0.46 1.18 36.6 71.4 108.1
80 --- --- 0.69 1.41 59.7 116.5 176.3
80 NS --- 0.67 1.39 56.2 118.4 174.6
80 --- 100 0.61 1.37 48.2 113.5 161.8
80 NS 100 0.56 1.36 48.9 112.0 160.9
160 --- --- 0.70 1.3 61.9 113.3 175.3
160 NS --- 0.75 1.45 66.1 127.4 193.5
160 --- 100 0.71 1.33 65.8 114.5 180.4
160 NS 100 0.71 1.39 65.0 110.6 175.6
0 Pioneer 3475 --- --- 0.37 1.14 28.6 73.5 102.2
0 --- 100 0.46 1.22 37.9 90.6 128.6
80 .e- -e- 0.64 1.39 58.0 123.9 182.0
80 NS .a- 0.59 1.36 53.0 124.6 172.7
80 --- 100 0.63 1.36 55.9 122.0 177.9
80 NS 100 0.49 1.27 42.0 107.7 149.7
160 --- --- 0.70 1.43 67.8 133.2 201.0
160 NS .- 0.68 1.43 63.7 130.6 194.4
160 --- 100 0.65 1.40 63.0 126.5 189.5
160 NS 100 0.66 1.40 64.1 126.5 190.6
0 1H74 X 1H51 --- --- 0.52 1.09 44.9 96.3 141.2
0 --- 100 0.42 1.11 35.7 85.5 120.7
80 --- --- 0.53 1.33 47.2 117.0 164.2
80 NS --- 0.57 1.30 46.6 113.1 159.8
80 --- 100 0.53 1.3 48.0 115.2 163.3
80 NS 100 0.51 1.25 46.6 116.7 163.4
160 --- --- 0.72 1.38 62.7 126.4 189.1
160 NS .-- 0.68 1.42 63.4 128.5 191.9
160 -— 100 0.67 1.36 60.8 114.4 175.2
160 NS 100 0.63 1.34 59.0 132.0 191.0
0 AR32 X 1H38 -—- --- 0.47 1.31 32.2 88.8 121.1
0 .- 100 0.42 1.2 27.9 66.9 9.8
80 --- --- 0.58 1.55 45,6 138.0 183.6
80 NS --- 0.71 1.54 51.5 133.1 184.6
80 --- 100 0.51 1.46 42,2 127.3 169.5
80 NS 100 0.57 1.48 47.5 129.2 176.7
160 --- --- 0.71 1.70 54.4 143.0 197.4
160 NS --- 0.76 1.66 6l.1 147.3 208.4
160 .-- 100 0.67 1.49 59.1 139.6 198.5
160 NS 100 0.64 1.58 54.6 147.7 202.3
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Waseca 1987

Table 16. Contimued from tsble 1 and 2, Whole Plant Whole Plant

0 # K-Rate only RCH brid X N-Rate es gver Stover
Hybrids T/A $N #A T/A &N #/A
Pioneer 3732 1.73 2.43 84.4 4,58 1.54 141.7
Pioneer 3475 l.64 2.41 79.5 4,68 1.40 132.2
1H74 X IH51 1.68 2.43 82.2 4,70 1.57 149.3
A632 X 1H38 1.53 2.53 77.7 4,02 1.58 128.5
P-Value 95 75 66 99 98 99
BLSD (.05) 0.16 0.35 0.14 18.6
N-Rate

0 1.62 2.24 72.8 4.28 1.31 113.1

80 1,68 2.58 87.1 4,62 1.59 148.2
160 1.64 2,53 83.0 4,58 1.66 152.6
P-Value 4 99 99 9% 99 99
Hybrid X N-Rate 42 99 53 4 83 72
Predent Grain Dry Matter Production
0 # K-Rate only RCB Yields  Grain Stover Cob Total
Hybrid Bu/A  —cmemeeeeold T/A--=mmnmmmm-
Pioneer 3732 4.4 3.41 3.41 0.66 8.20
Pioreer 3475 128.5 3.03 4,27 0.67 7.98
1H74 X IH51 121.4 2.87 4.5 0.5 7.93
AR32 X 1H38 124.4 293 3.8 0.5 7.3
P-Value 99 99 99 99 98
BLSD (.05) 9.8 0.23 0.36 0.05 0.60
N-Rate

0 117.3 277 4.06 0.52 7.34

80 138.6 3.27 4.23 0.63 8.15
160 133,2 3.4 430 0.63 8.10
P-Value 99 99 79 99 99
Hybrid X N-Rate 83 83 81 9 91
Physiological Mature
0 # K-Rate only RCB
Hybrid
Pioneer 3732 170.8 4.03  4.27 --- 831
Pioneer 3475 173.9 411 4.37 ---  8.48
1H74 X 1H51 183.4 4.33  4.35 ---  8.69
A632 X 1H38 169.7 4,01 371 --- 1.73
P-Value 87 87 99 --- 99
BISD (.05) 0.26 0.55
N-Rate

0 152.1 3,59 3.88 --- 7.48

80 184.7 4,36 4,29 ---  8.67
160 186.6 441  4.35 ---  8.76
P-Value 99 99 99 99

Hybrid X N-Rate 93 93 67 86
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Waseca 1987
Table 17. Contimed from table 1 ard 2. Whole Plant Whole Plant
100 # K-Rate only RCB ( Hybrid X N-Rate) 12 1eaf Stover Tassling Stover
Hybrids T/A %N #A T/A SN #A
Pioneer 3732 1.67 2.25 75.7 4,28 1.40 121.0
Pioneer 3475 1.59 2.3% 74.8 4,20 1.40 117.4
1IH74 X TH51 1.65 2.40 79.5 4,63 1.49 138.7
AR32 X LH38 1.50 2.41 72.6 4,20 1.58 134.7
P-Value 97 97 81 91 9% 97
BLSD (.05) 0.13 0.13 18.6
N-Rate

0 1.63 2.05 67.1 4,22 1.23 103.5

80 1.66 2.47 82.6 4.44 1.57 140.7
160 1.52 2.52 77.3 4,33 1.61 139.7
P-Value 97 99 99 57 99 99
Hybrid X N-Rate 67 46 59 76 gL 89
Predent: Grain Dry Matter Production
100 # K-Rate only RCB Yields _ Grain _Stover Cob Total
Wbrid Bu/A  ee-cecceen-ad T/A-----------
Pioneer 3732 125.2 295 4.09 0.59 7.65
Pioneer 3475 122.4 2.89 424 0.64 7.79
IH74 X 1H51 109.6 2.59 441 051 7.3
A632 X 1H38 120.5 2.84 4,01 0.60 7.47
P-Value 99 99 93 99 42
BLSD (.05) 8.9 0.21 0.37 0.03
N-Rate

0 103.7 2.44 3.8 0.49 6.8

80 125.6 296 4.30 0.63 7.91
160 129.0 3.05 4,37 0.64 8.08
P-Value 99 99 99 99 99
Hybrid X N-Rate 99 99 98 99 99
Physiological Matire
100 # K-Rate only RCB
Hybrid
Pioneer 3732 161.8 3.82 4.29 ---  8.12
Pioneer 3475 178.8 4.22 4.5 --- 8.73
IH74 X TH51 173.7 410  4.42 --- 8.53
AB32 X 1H38 165.6 3.91 3.92 ---  7.84
P-Value 99 99 99 99
BLSD (.05) 11.5 0.27 023 0.43
N-Rate

0 140.5 3.32 3.87 --- 7.20

80 182.2 430 4.36 ---  8.67
160 187.2 442 4,61 --- 9.4
P-Value 99 99 99 99

Hybrid X N-Rate 99 99 7 99



Waseca 1987
Table 18. Contirued from table 3 and 4. N-Corcentration N-Removal
0 # K-Rate only RCB ( Hybrid X N-Rate) Stover Cob  Grain Stover Cob Grain Total
ds Predent S L /- CEEE LR e

Pioneer 3732 1.05 0.50 1.35 86.8 6.7 92,5 186.1
Pioneer 3475 0.85 0.45 1.32 73.5 6.2 8l.4 16l.1
1H74 X 1H51 1.00 0.38 1.4 91.8 3.9 81.5 177.3
A632 X 1H38 0.93 0.37 1.45 73.0 4.1 8.5 163.8
P-Value 99 99 99 99 99 95 98
BISD (.05) 0.13 0.04 0.06 11.5 0.2 10.0 19.5
N-Rate

0 0.73 0.42 1.22 60.7 4.5 68.9 1341
80 1.02 0.43 1.41 86.4 5.6 92.7 184.9
160 1.13 0.43 1.50 96.7 5.6 94,9 197.3
P-Value 99 18 99 99 99 99 - 99
Hybrid X N-Rate 93 75 99 98 92 89 98
Q # K-Rate only RCB Physiological Mature
Hybrid

Pioneer 3732 0.64 --- 1.33 55.5 --- 108.9 163.6
Pioneer 3475 0.57 --- 1.31 51.5 --- 110.2 161.7
1H74 X TH51 0.59 --- 1.29 51.6 --- 113.2 164.8
AR32 X 1H38 0.58 --- 1.51 4.1 --- 123.2 167.4
P-Value 99 99 99 96 9
BLSD (.05) 0.06 0.06 7.4 12.5
N-Rate

0 0.47 --- 1.22 37.7 ---  88.2 125.9
80 0.61 --- 1.41 52.6 --- 123.8 176.5
160 0.70 --- 1.46 61.7 --- 128.9 190.7
P-Value 99 99 99 99 99
Hybrid X N-Rate 99 94 96 96 88
100 # K-Rate only RCB Predent
Hybrid

Pioneer 3732 0.89 0.47 1.3 74.0 5.7 80.5 160.3
Pioneer 3475 1.01 0.49 1.33 86.0 6.5 77.3 1699
1H74 X 1H51 0.86 0.42 1.35 77.7 4.3 71.0 153.1
4632 X 1H38 0.96 0.43 1.52 80.0 5.2 8.8 174.1
P-Value 85 99 99 62 99 99 87
BLSD (.05) 0.03 0.08 0.55 7.2
N-Rate

0 0.66 0.42 1.2 51.9 4.1 59.3 115.4
80 1.04 0.45 1.42 90.1 5.8 8.0 181.1
160 1.10 0.48 1.53 96.3 6.3 93.9 196.6
P-Value 99 99 9 99 99 99 99
Hybrid X N-Rate 12 90 76 60 39 99 95
100 # X-Rate only RCB
Hybrid

Pioneer 3732 0.57 --- 1.29 50.2 --- 99,8 150.1
Pioneer 3475 0.57 --- 1.32 52.3 --- 113.0 165.3
IH74 X 1H51 0.53 --- 1.27 48.0 --- 105.0 153.1
A632 X 1H38 0.53 --- 1.39 43.0 --- 111.3 154.4
P-Value 54 99 92 97 82
BLSD (.05) 0.07 10.7
N-Rate

0 0.43 .e- 1.18 .4 --- 78.6 113.0
80 0.55 --- 1.38 48.6 --- 119.5 168.1
160 0.67 --- 1.39 62.2 --- 123.7 186.0
P-Value 99 99 99 99 99
Hybrid X N-Rate 26 26 9 98 83
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Table 19 Waseca 1987 Contimed from table 1 and 2.
Whole Plant

t Plot the O # N-

K-Rate
0

100

P-Value

rid X N-Rate X Tohibito

Hybrid
Pioneer 3732
Pioneer 3475
IH74 X 1H51
AR32 X TH39
P-Value
BLSD(.05)

N-Rate
80

160

P-Value

Iohibitor

Nene

N-Serve

P-Value

Hybrid X N-Rate

Hybrid X Irhibitor

N-Rate X Irhibitor

Hybrid X N-Rate X Inhibitor

Hybrid X N-Rate X Inhibitor X K-Rate

Hybrid X K-Rate

N-Rate X K-Rate

Hybird X N-Rate X K-Rate

Irhibitor X K-Rate

Hybrid X Irhibitor X K-Rate

N-Rate X Inhibitor X K-Rate

Hybrid X N-Rate X Irhibitor X K-Rate
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2 leaf Stover
T/A $N #A

1.64 2,54 84.0
1.60 2.52 81.0

56

97
10
55

93

46

S!"!"!"!"
S8R&

o
&

D
il R

9

2.52
2.53
17
95
59
95
35

81

69
65
31
67

73

83.2
81.2
83.2
8l.4
20

53

76
10
66

Whole Plant

ass Stover
T/A 3N #A
4,56 1.64 151.1
4,53 1.57 143.2
40 83 86
4,66 1.55 145.2
4,55 1.51 137.8
4,77 1.67 159.7
4,27 1.70 146.0
99 99 99
0.20 0.07 11.6
4,54 1.55 141.7
4,58 1.66 152.7
37 99 99
4,49 1.6]1 145.3
4,63 1.60 149.1
92 18 65
37 99 99
26 17 5
87 95 98
22 22 36
6L 12 52
33 61 39
94 1 38
60 54 42
90 27 87
47 80 75
27 51 40
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Tsble 20 Predent Waseca 1987

Grain Dry Matter Production
Split Plot without the O # N-Rate Yields Grain Stover Cob Total
Bw/A  —ee-e-eeaald T/A-------------
K-Rate
0 134.9 3.18 4,28 0.64 8.12

100 127.1 3.00 4.38 0.64 8.03
P-Value 99 99 57 19 52
Hybrid X N-Rate X Inhibitor
Hybrid
Pioneer 3732 139.6 3.30 4.03 0.67 8.02
Pioneer 3475 131.6 3.10 4.4 0.70 8.24
IH74 X 1H51 122.4 2.89 4.78 0.55 8.23
AB32 X 1H39 130.3 3.07 4.08 0.63 7.81
P-Value 99 99 99 99 98
BLSD(.05) 5.7 0.12 0.19 0.02 0.33
N-Rate

80 130.0 3.07 4.30 0.63 8.02
160 131.9 311 4.35 0.65 8.13
P-Value 66 65 46 86 66
Ichibitor
None 131.6 3.1 4.30 0.63 8.06
N-Serve 130.3 3.07 4.35 0.64 8.09
P-Value 48 51 46 64 19
Hybrid X N-Rate 82 82 50 57 19
Hybrid X Irhibitor 75 75 99 82 9
N-Rate X Irhibitor 85 85 24 37 36
Hybrid X N-Rate X Irhibitor 83 83 99 28 98

rid X N-Rate X Irhibitor X K-Rate

Hybrid X K-Rate 93 93 55 99 92
N-Rate X K-Rate 86 86 26 20 57
Hybird X N-Rate X K-Rate 86 86 43 77 63
Inhibitor X K-Rate 36 36 3 5 33
Hybrid X Inhibitor X K-Rate 90 90 - 36 85 68
N-Rate X Irhibitor X K-Rate 73 73 29 48 17
Hybrid X N-Rate X Irhibitor X K-Rate 89 89 75 85 91



Table 21 Predent Waseca 1987

N-Concentration N-Removal
Split Plot without the O # N-Rate Stover Cob _ Grain Stover Cob Grain Total
----------- §oeoennnne Tt 7/ SLTTTTEPPR
K-Rate
0 1.11 0.43 1.46 94,7 5.6 93.2 193.6
100 1.05 0.45 1.47 92.1 5.9 88.4 186.5
P-Value 80 95 34 73 80 97 97
Hybrid X N-Rate X Ivhibitor
Hybrid
Pioncer 3732 1.03 0.46 1.39 8.5 6.3 922 183.2
Pioneer 3475 1.07 0.48 1.39 95.1 6.9 86.7 188.8
1H74 X THS51 1.06 0.41 1.47 101.1 4.5 85.3 191.1
A632 X TH39 1.13 0.41 1.59 92.8 5.3 98.9 197.1
P-Value 86 99 99 99 99 99 89
BLSD(.05) 0.02 0.04 8.6 0.3 4.4
N-Rate
80 1.02 0.43 1.41 87.9 5.6 87.1  180.6
160 1.13 0.45 1.51 98.9 6.0 9.5 199.4
P-Value 99 98 99 99 99 99 99
Irhibitor
None 1.07 0.45 1.47 92.4 5.8 91.6 1%0.0
N-Serve 1.08 0.43 1.46 9%.4 5.7 89.9 190.1
P-Value 35 2 46 49 6L 69 3
Hybrid X N-Rate 59 35 83 77 38 85 91
Hybrid X Irhibitor 3 70 6 62 89 41 62
N-Rate X Irhibitor 73 41 4 64 62 73 77
Hybrid X N-Rate X Irhibitor 97 22 96 9% 38 9% 97
Hybrid X N-Rate X Irhibitor X K-Rate
Hybrid X K-Rate 36 35 18 58 95 64 n
N-Rate X K-Rate % 78 51 8 69 39 15
Hybird X N-Rate X K-Rate 64 7 59 64 48 42 42
Irhibitor X K-Rate 93 68 52 83 65 22 8l
Hybrid X Irhibitor X K-Rate 76 48 97 KX ] 72 84 60
N-Rate X Irhibitor X K-Rate 33 y.13 75 42 19 %0 20

Hybrid X N-Rate X Irhibitor X K-Rate 3 72 11 2 21 88 64
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Table 22 Physiological Mature Waseca 1987

Grain Dry Matter Production
lit Plot without the O # N-Rate Yields Grain Stover Total
Bu/A° -meee---e- T/A--e-----
K-Rate
0 ‘ 186.5 440 4.30 8.71

100 186.1 4,39 4.47 8.88
P-Value 20 20 97 86
Hybrid X N-Rate X Trhibitor
Rybrid
Pioneer 3732 177.5 4.19 4.39 8.59
Pioneer 3475 190.2 4.49 4.63 9.13
1H74 X 1H51 190.1 4,49  4.49 8.99
A632 X IH39 187.4 4.42 403 8.47
P-Value 99 99 99 99
BLSD(.05) 5.8 0.13 0.14 0.24
N-Rate

80 184.0 4.3 4.27 8.62
160 188.6 4.45 4.5 8.97
P-Value 97 97 99 99
Irhibitor
None 185.2 4,37 4,40 8.79
N-Serve 187.4 4,43  4.37 8.81
P-Value 70 70 45 17
Hybrid X N-Rate 4 4 32 12
Hybrid X Irhibitor 86 86 13 63
N-Rate X Irhibitor 42 42 85 76
Hybrid X N-Rate X Irhibitor 28 28 44 42
Hybrid X N-Rate X Irhibitor X K-Rate
Hybrid X K-Rate 8 8 92 92
N-Rate X K-Rate 47 47 64 61
Hybird X N-Rate X K-Rate 72 72 44 45
Irhibitor X K-Rate 17 17 17 19
Hybrid X Irhibitor X K-Rate 99 99 6 79
N-Rate X Inhibitor X K-Rate 5 5 80 51
Hybrid X N-Rate X Inhibitor X K-Rate 66 66 72 58
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N-Concentration N-Removal
Split Plot without the O # N-Rate Stover Grain Stover Grain Total
------- feoccooon- R 7Z;GELLELLE
K-Rate
0 0.66 1.44 57.4 127.1 184.6
100 0.60 1.38 S54.4 122.2 176.7
P-Value 50 90 84 99 23
Hybrid X N-Rate X Trhibitor
Hybrid
Pioneer 3732 0.66 1.37 59.0 115.8 174.8
Ploneer 3475 0.62 1.38 58.4 124.4 182.8
1H74 X 1HS1 0.60 1.34 54.3 120.4 1747
AB32 X TH39 0.64 1.55 52.0 138.1 190.2
P-Value 99 99 99 99 99
BLSD(.05) 0.03 0.03 3.6 4.5 6.3
N-Rate
80 0.58 1.38 49.8 120.5 170.4
160 0.68 1.44 62.0 128.8 190.9
P-Value 99 99 99 99 99
I itor
None 0.63 1.41 56.3 124.0 180.3
N-Serve 0.63 1.41 55.6 125.3 180.9
P-Value 9 7 42 54 20
Hybrid X N-Rate 51 92 24 86 68
Hybrid X Irhibitor 95 Y40 87 64 89
N-Rate X Irhibitor 7 97 S0 9 94
Hybrid X N-Rate X Inhibitor 93 20 60 8 13
rid X N-Rate X Trhibitor -
Hybrid X K-Rate 66 76 24 20 32
N-Rate X K-Rate 83 50 88 7 53
Hybird X N-Rate X K-Rate 76 34 81 23 38
Inhibitor X K-Rate 88 24 71 6 38
Hybrid X Irhibitor X K-Rate 21 70 16 69 41
N-Rate X Irhibitor X K-Rate 30 37 32 22 5
Hybrid X N-Rate X Irhibitor X K-Rate 66 24 78 42 70
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INFLUENCE OF CROP HISTORY AND MANURE USE
QN NTIROGEN RATES FOR OORN PRODUCTION IN
SOUTHEASTERN MINNESOTA

George Rehm, Tim Wagar, Greg Cremers, Andy Scobbie

Background and Justification:

Because of the karst topography, southeastern Mimmesota is wvulnerasble to rather rapid moverernt of nitrate
-rﬁtrogen(m-N)m&ngramwrif&ﬂsm3-Nisleachedbelmdemxm. In recert mxths, the
attmtimoft%ep\blichasbeenfocw;edont'henitramsiumd.mbypbljﬂ'edmofemiwlevels
ofm3-Ninseveralsanp1esofgm.nﬂwatercollectedfranﬁ1ereglm.

While it is impossible to completely eliminate the leaching of ma-N to the ground water, it is possible
to keep additions to an absolute minimm, To do this, itisinportarxttorecogﬁzedmtm3-Ncmbe
contributed to the soil system by the natural breakdown of organic contxibutions as well as the cammercial
fertilizers that are the backbone of our present agricultiwal economy. To keep additions of NO.-N to the

groundwater to a minimumm, itisnecessarytopayspecialattmtiontomgamtofNindxesoi}system.

There are several important components of good N management; but selection of an adequate, but not
excessive, N rate is the first and major consideration. Choice of an N rate is largely influenced by
yield goal, organic matter content of the soil, use of legumes in the crop rotation, and rate of marure
applied. There are N credits for legumes and marure that are currently used in making fertilizer N
recomnendations. These credits, however, are very general and were developed a mumber of years ago. For
accurate management of N today, it is important that more precise credits be developed for legumes in
rotation and marare use. This study was established in an effort to develop more precise N credits for
these two major inputs for crop production in southeast Mirmesota.

Experimental Procedures:

This study was estsblished in Winona County in 1986 and continued in 1987. Three sites were selected for
study in 1986. The history of each site was:

#1 - com in 1986 following alfalfa which had received a heavy application of marure.
#2 - com in 1986 following continuous cormn that had been heavily marured in the past.

#3 - comn in 1986 following contimwous corn which had received no manure and there was no recent
history of an alfalfa crop.

Sites #4 through #7 were added to the study in 1987. At sites #4 and #7, alfalfa was grown for three
years prior to planting corn in 1987. No manure had been applied to these alfalfa fields. The alfalfa at
sites #5 and #6 had received mamure in the past. The rate of mamure applied, however, was not known.

Soil samples were collected from 0-6, 6-12, 12-24, 24-36, 36-48, and 48-60 in increments at each site
before fertilizer application at locations except site #4. Limestone prevented collection of samples
below 48 inches at this site. Four samples were collected from the research area at all locations except
site #2. Because of the history of marure use, 28 samples were collected from site #2. Results of the
analysis of these samples for m3-N are sumarized in Table 1. Other appropriate soil test values are in
Table 2.
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supplied by the alfalfa, the marmure applied in the past, or the soil organic matter itself. The research
techniques used in this study do not identify the source of N.

Yields recorded from site #2 are shown in Figure 2, The amunt of mamure applied before 1986 did mot
supply enough N for the highest yield in either 1986 or 1987. 1In 1986, the optimm rate of N at this site
was between 50 and 100 1b./acre. With mo additional marure applied, the application of 120 1b N/acre
produced optimm yield in 1987.

'merelatimtstﬂpbeweenresid;alma-Nintherwtzommasmedinmefallof1986arﬂgrainyie1din
1987 at site #2 is shown in Figure 3. Highest grain yleld was associated with a carryover of 150
1b.N/acre with no further yield increases resulting from higher amont of carryover N. Although grain
yleld was related to carryover N at this site, this information still does ot provide a justification for

adjusting N recommendations for amounts of carryover N.

At site #3, vhere no manure had been applied and there was mo legume In rotation, highest grain yields
were produced by the application of 120 1b. N/acre in both 1986 and 1987 (Figwe 4). Late planting
reduced yields in 1986 but relatively good yields were measured in 1987. The data from this site show
that fertilizer N use can certainly produce economical increases in corn yield where there is no history
of marere use or legumes in rotation.

Yields were lower at site #4 (Figure 5). The application of 80 1b. N/acre produced near maximm yields.
It should be noted, however, that yleld increases from fertilizer N at this site were relatively small.
The N supplied from the soil at this site is apparently mot as high as the N supplied from the soil at
site #1.

There was no response to applied N at site #7 (Figure 5). Although grain yields were high, the previous
crop of alfalfa in conbinations with N mineralized from the soil organic matter was apparently able to

supply the amount of N required by the corn crop.

At sites #5 and #6, mamme is routinely applied at heavy rates at sare point in the com-alfalfa rotation.
There was no response to the use of fertilizer N at either site (Figure 6). As was the case at site #7,
yields were high and the soil system was apparently able to supply the amount of N required by the com
crop.

It would be ideal if there was a soil test available that could be used as a basis for accurately
predicting the amount of fertilizer N needed. This type of test is available and works for western
Mirmesota but the data collected in this study show that the soil nitrate test, by itself, will not work
in southeast Mirmesota. For example, there was no response to fertilizer N when the soil nitrate test
showed an initial level of 55.5 1b./acre (site #l). There was, however, a substantial response to
fertilizer N at a site vwhere the initial soil nitrate level was 8.9 1b./acre (site #3). Perheps the soil
nitrate test can be combined with another measure of ussble N to provide an accurate prediction of the
amount of fertilizer N to use.

Summary;
A study of the data collected from this study to date leads to two generalized conclusions. These are:

1. Marure use and the presence of alfalfa in rotation can have a major impact on N
recommerdations for com in southeast Mirmesota. Nitrogen credits for alfalfa can be
substantial for the first year of corn following alfalfa. Nitrogen credits for the second
year have not been well estsblished. Nitrogen credits for mamure may be of major value only in
the first year after application.

2. A measure of the amount of NO,-N in the root zone before planting will not inprove oxr ability to
accurately predict the amount o% fertilizer N needed. The soil nitrate test in combination of
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Table 1.  Distribution of bD3-N in the root zore at the experimental sites before
initiation of the Study.

Site # Depth (in.)

0-6 6-12 12-.24 24-36 36-48 48-60 Total

--------------- 1b NO3-N/acre-----------------
1 17.5 7.0 6.5 11.5 8.3 4.7 55.5
2 13.9 12.7 26.2 21.8 15.7 8.8 99.1
3 12.5 7.4 18.7 19.2 13.7 11.4 82.9
4 16.0 4.0 2.0 2.0 2,0 - 26.0
5 14.9 11.9 10.5 6.4 5.1 3.9 52.7
6 13.2 6.2 6.0 3.0 2.1 3.5 34.0
7 29.7 1.7 11.0 12.2 5.2 4.3 70.1

Table 2. Selected relevant soil properties (0-6 in.) for the experimental sites used in this

study.
Soil Property Site #
1 2 3 4 5 6 7
™ 6.7 6.7 6.9 6.9 6.5 6.4 7.2
P, 1b./acre 73 86 38 13 145 41 25
K, 1b./acre 293 286 296 150 296 216 1
organic matter, % 4.5 4.0 3.9 2.1 3.8 3.6 -

There was not a large amount of varisbility in the results from sites 1, 3, and 4. There was, however, a
substmtialammmtofvariat:ionm&eMOfm3-Ntoadep&10fSfeetat site 2. The total amount
ofm3-Nmeasuredvariedfran45tol911b.peracre. This variability is attributed to the previous

heavy ‘use of manure.

Seven rates of N (0, 40, 80, 120, 160, 200, 240 1b./acre) as 46-0-0 were broadcast to sites 1, 3, ard 4.
The rates used in 1986 were repeated in 1987 at sites 1 ad 3. The N rates at site # in 1986 were 0, 50,
100, 150, 200, 250, and 300 1b./acre. Rates were lowered to those previously listed at this site in 1987,
In all cases, the urea was incorporated with a secondary tillage operation.

An added comparison was added to site #2 in 1987. One half of the original plots received no additional
N. The remaining half was fertilized with the various N rates used in 1987. Fsidnlm3-Nﬁoreai1plot
was determined from soil samples collected to a depth of 5 feet in the fall of 1986, The 1987 yields fiam
the portion of the plots rnot fertilized in 1987 were related to the amount of carrymrm3-Nneas.tredin
the fall of 1986.

Cooperating farmers were responsible for planting and cultivating at all sites. Management practices
needed to achieve high ylelds were used whenever possible at all sites. Grain ylelds were measured by
hand harvest techniques each year and corrected to 15.5% moisture.

Results and Discugsion:

Results from site #1 are sumarized in Figure 1. Relatively high yields were recorded each year. Yet,
there was no response to fertilizer N, The high yields would remove relatively high rates of N. These
results also show that the soil at this site is supplying substantial amunts of usdble N The N could be
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Yield
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Figure 1. Effect of rate of fertilizer N on corn yield at site #1.
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Figure 2. Effect of rate of fertilizer N on corn yield at site #2.
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Yield Yield
bu/A 1986 bu/A 1987
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Figure 4. Effect of rate of fertilizer N on corn yield at site 3.

Yield, bu./acre

Il I {
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Figure 3. Response of corn to amount of residual
NO4-N found to a depth of 5 feet at site #2 in 1987.
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Site #7

1 1 1 1 1 b

Yield Yield
bu/A Site #4 bu/A
140 190
130} et — 180
/
120L 1704
‘F'
t 1 [ 4 [l i [l 1
0 40 80 120 160 200 240 0
N Rate (ib./acre)
Figure 5.

no manure is applied.
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Effect of rate of fertilizer N on yield of corn following alfalfa where

Yield Yield
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Figure 6. Effect of rate of fertilizer N on yield of corn following alfalfa where

manure had been applied.
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DECLINE RATES OF SOIL TEST P AND K IN A CORN-SOYBEAN ROTATION
1987
G. W. Randall and S. D. Evans

With good fertilization practices over the last 20 to 30 years, many farmers throughout the Cormbelt
have built their P and K soil tests to high and very high levels. Studies conducted over the last 12
years have not shown corn and soybean yield increases from additional broadcast P and K at these high
to very high test levels. Consequently, a number of farmers have curtailed P and K fertilization on
these high testing soils. Two commonly asked questions in this scenario are: (1) How fast will my
s0oil test drop 1if I don't continue to add fertilizer P and K? and (2) At what test level should I
begin to add P and K to maintain fertility at an optimum level for efficient and economical pro-
duction? The purposes of this study are to determine (1) the decline rates of soil test P and K and

(2) the optimum soil test level which should be maintained for economical corn and soybean
production.

EXPERIMENTAL PROCEDURES

High rates of P and K were applied over a 12-year period (1973-84) in studies at the Southern Experi-
ment Station at Waseca (Table 2) and the West Central Experiment Station at Morris (Table 3). These
rates created a wide range of soll test values upon which we can evaluate the decline rates of soil
test P and K when no additional fertilizer is added. Treatments 2, 3, and 4 have not received addi-
tionel P since 1964 while treatments 6 and 7 at Waseca have not received K. The K treatments were
not included at Morris because of very high native soil test K levels. Treatment 5, which had a
moderately high level of fertilization prior to 1985, continues to receive P and K, and thus, serves
as tke high fertility control.

The P and K materials (0-46-0 and 0-0-60) were broadcast on the soil surface and incorporated by
chisel plowing the soybean residue in the fall of 1986. Specific experimental procedures used for
corn at the two locations are presented in Table 1., Management practices providing for optimum
yields were employed at each location. Starter fertilizer was not used. Planting was early at both
locations because of the warm, dry spring.

Table 1. Experimental procedures for corn on the high P and
K rate study at the two branch stations in 1987.

Location
Variable Morris Waseca
Planting date 4/24 4727
Row spacing 30" 30"
Planting rate (plants/A) 27,800 30,200
Variety DeKalb 461 P3732
Herbicide 3{f Lasso + 2.2# Bladex/A (Bdct) 3.5# Lasso + 3f Bladex/A (Bdct)
Harvest date 9/24 10/7
Soil type Aastad clay loam Webster clay loam

RESULTS AND DISCUSSION

Total phosphate (P 05) and potash (K,0) applied over the 12-yr period ranged from 0 to 1200 1b/A
(Tables 2 and 3). %hese application é%tes plus the 1985-86 rates resulted in highly significant dif-
ferences in soil test P at both locations and in soil test K at Waseca. At Waseca soil test P ranged
from 15 to 123 1b P/A (Table 2). Corn ylelds were increased significantly by P but plateaued at soil
P levels higher than 40 1b/A. Slightly lower corn yields were seen at the 208 and 224 1lb K/A tests

compared to treatments 4 and 5 with K tests averaging 257 1b/A, but this average 8% yield reduction
was not significant at the P = 95% level.

At Morris, Bray P. ranged from 11 to 58 1b/A while Olsen's NaHCQ, test ranged from 9 to 47 1lb P/A
(Table 3). Increasing Bray Pl from 11 to 31 1b/A resulted in 31%3.7 bu/A yield response, but be-
cause of an extremely high CV "(18%) this was not significant at the P = 907 level. The high CV was

Please refer to title page of this publication for information regarding application and use of this
article.
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due primarily to one cf the control plots with a Bray P, of 17 1b/A and a yield of 150.9 bu/A.
Deleting that plot would have resulted in a highly significant 50+ bu/A response and a lower CV. No
additional yield response was noted with the 58 1b/A soil test level compared to the 31-1b level.

Table 2, Soil test values, corn grain moisture, and corn yield as
influenced by 13 years' application of P and K at Waseca,

P and K Treatmeuts

Total 1/ Soil Test 2/ Corn
No. 197384 1985-86= pH P K Moisture Yield
----- b P,0. + K,0/A ==eem -— 1b/A -—-- z bu/A
275 2
2 0 + 1200 0 + 100 6.8 15 265 18.0 156.4
3 600 + 1200 0 + 100 6.6 40 274 17.1 183.2
4 1200 + 1200 0 + 100 6.7 86 257 17.2 186.4
5 600 + 1200 100 + 100 6.6 72 257 17.4 182.8
6 1200 + 0 100 + O 6.7 123 208 16.4 165.6
7 1200 + 600 100+ 0 6.7 119 224 16.3 173.1
Signif. Level (%): 6 99 99 95 97
BLSD (.05) : 15 29 1.2 20.1
CcV (%) : 4.2 12 6.4 3.6 5.8
%5 Treatments applied each Fall.
=" Samples were taken in October before 1987 treatments were applied.
Table 3. Soil test values, corn grain moisture, and corn yleld as
influenced by 14 years' application of P and K at Morris.
P and K Treatments 2/
Total Y, Soil Test Corn
No. 1973-84 1985-86 pH P, P, K Moisture Yield
=—=-1b P .0, + K,0/A ~=—=- ===mem 1BJA ==e———— F3 bu/A
25 2
2 0 + 1200 0 + 100 7.8 11 9 451 22.4 99.9
3 600 + 1200 0 + 100 7.7 31 27 391 18.8 133.6
4 1200 + 1200 0 + 100 7.9 58 47 394 19.8 137.4
5 600 + 1200 100 + 100 7.8 40 32 396 19.1 135.8
Signif. Level (Z): 85 99 99 88 93 87
BLSD (.05) : 15. 14.
CV (%) : 1.8 27. 30. 8.7 9.1 18,

éﬁ Treatments applied each Fall.

Samples were taken in October before 1987 treatments were applied.
CONCLUSIONS

Long-term (12-yr) P additions to these two soils created a wide range in soil test P levels. Corn
yields were optimized over the no P treatments at soil test P levels of 31 1b/A at Morris and 40 1b/A
at Wageca., Ylelds were optimized at soil K levels >250 1b/A at Waseca., In this second year of the
study following the 12-year P and K applications, we obtained fairly consistent soil test P and K
declines when fertilizer P and K were not added. Additional years will be needed to more accurately
determine the decline rates.
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IMPACT OF NITROGEN AND TILLAGE MANAGEMENT PRACTICES ON CORN YIELD AND
POTENTIAL GROUNDWATER CONTAMINATION IN SOUTHEASTERN MINNESOTA

Center for Agricultural Impacts on Water Quality
Gyles Randall, J. Anderson, G. Malzer, D. Wyse,
J. Nieber, B. Anderson & B. Sorenson

Current agricultural production systems are being linked closely to the occurrence of agricultural
chemicals in the groundwater., This concern is especially prevalent in southeastern Minnesota where
agriculture is quite intensive and the soils are rather shallow over a fractured limestone and sand-
stone bedrock geology (karst). The purposes of these studies are to: (1) determine the cause and
effect relationship of specific N and tillage management practices on corn production and NO, and
pesticide accumulation/movement through the soil and (2) identify best management practices that
minimize groundwater contamination while maintaining economic profitability.

EXPERIMENTAL PROCEDURES .

Three sites were established for the 1987 studies. The primary site with the most intensive
investigation is being conducted in Olmsted Co. on the Lawler Farm. The other sites are in Goodhue
Co. on the Foss Farm and in Winona Co. on the Kalmes Farm.

Olmsted County - Lawler Farm

In April of 1986 a 6% acre site of Port Byron soil was identified on the Richard Lawler and Sons Farm
approximately 6 miles east of Rochester. A very comprehensive field history for the last 7 years was
provided, Corn was grown in 1986. No herbicides and no nitrogen (N) fertilizer were applied to the
corn vhich was cultivated three times.

Soil cores were taken in l-foot increments to the bedrock (ranges from 7' to 12') in a 100-foot grid
pattern in June 1986 and in October 1986 to determine inorganic-N in the profile. The June 1986
sampling showed a large variation in the amount of NO_-N in the top 4 feet with a lesser amount of
variation in the 4~7' zone, By November 1986, variafion in NO.-N among the profiles was less. The
background levels of residual NO.-N were reduced to rather low lgvels and the variability was largely
removed through crop uptake or gpparent leaching during the 1986 growing season. Over 10" of rain
occurred at this site during September 1986 which more than likely had a profound effect on the
removal of nitrates from the 0-4' zone. The concentration of nitrates in the 4-7' profile also was
rather low in November 1986. Additional samples were taken in l-foot increments from each of the
check plots in the N study. These data indicated an average of 68 1lbs of nitrate-h per acre in the
top 4' and was considered to be low.

Nitrogen Study

A randomized, complete-block with 4 replications was established in the fall of 1986. Ten N treat-
ments including both anhydrous ammonia and manure were established for a total of 40 plots (Table 1).
Each plot was 30' wide and 65' long. The fall N treatments were applied on Nov. 5, 1986. Spring N
fertilizer treatments were applied on April 24 and again on Junme 19, 1987. Liquid hog manure was
obtained from a neighbor, James Stellplug, on April 15 and applied to the soil surface using his
equipment. The manure was incorporated with a disk within 3 hours. The rates of application were
5000 and 8900 gal/A. Six manure samples were taken and sent to Minnesota Valley Testing for
analyses, Nitrogen, P,0. and K,0 concentrations averaged 69.5, 34.5 and 23.9 1b/1000 gallonms,
regspectively. All plotg gxcept tﬁ% no-till treatment were disked again on April 29.

Corn (Pioneer 3737) was planted on April 30 at 30,200 plants/A. Lasso (3 1b/A) and atrazine
(2% 1b/A) were applied preemergence. Counter was applied in the furrow at a rate of 8 0z/1000' of
row to control rootworms. Cultivation was not performed during the season.

Small plant stem tissue samples and soil samples from 0-1' and 1-2' layers were taken for nitrate
analyses at the V-6 stage to see if these measurements can be used to predict N needs, In additionm,
lysimeters were installed at the 5' and 7%' depths in the soil profile during late June and in July.
These lysimeters are being used to extract soil water from these depths to measure NO3 concentrations
in the water.

Please refer to title page of this publication for information regarding application and use of this
article.
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Whole plants were harvested from selected rows at silkirg, were weighed, dried, ground and analyzed
for total N to determine pre-silk N uptake. Stover and grain yields were taken from 20' and 80' of

row, respectively, at physiological maturity (Sept. 24). All samples were weighed, dried, ground and
analyzed for total N,

Soil samples were obtained from each plot on Oct. 26 by taking two 2-inch cores in l-foot increments
to the bedrock and then compositing the cores from each increment. The samples were forced-air, oven
dried at 120°F, ground, and are being analyzed for inorganic N (NHA-N and N03-N).

Pesticide Study

An area adjacent to the N study was established in the fall of 1986 to accommodate a study to
evaluate the movement of Lasso, atrazine, Banvel and Counter through the soil profile as influenced
by four tillage systems. The four tillage treatments (moldboard plow, chisel plow, ridge tillage,
and no tillage) were initiated in November, 1986. Nitrogen was applied on April 24 at a rate of 180
1b N/A as anhydrous ammpnia. All other planting operations were the same as in the N study. The
herbicides were applied using specialized plot equipment. Potassium bromide was broadcast applied at
a rate of 120 1b/A to the end 15" of each plot. The Br serves as a tracer to which pesticide move-
ment can be compared. The corn was cultivated two times. The ridge plots were ridged for the first
time in mid-June.

Each plot was intensively soil sampled throughout the season to monitor herbicide movement.
Stainless steel suction lysimeters were installed at 5' and 7%' depths to extract soil water, Grain
and stover yields were taken at physiological maturity (PM) from both the Br and non-Br treated
areas,

Goodhue County - Foss Farm

In May of 1986 an area of 5.1 acres of Port Byron soil was identified on the Selmer Foss and Sons
(James Foss) farm in Goodhue County. A good field history was provided for the past 6 years. Corn
was grown in 1986 and received a minimal amount of N (75 1b N/A) because it was in continuous corn.
Weeds were controlled with 4 1lb atrazine/A. Due to wet conditions no primary tillage was performed
in the fall of 1986.

A randomized, complete-block design with 4 replications was established at this site in April, 1987.
Sixteen N treatments all consisting of anhydrous ammonia applied to chiseled and no-till plots were
established. FEach of the 64 plots measures 30' wide and 65' long. Chisel plowing was done with a
John Deere Mulch Tiller on April 13. Anhydrous aumonia was applied preplant om April 21, All chisel
plots were disked on April 27.

Corn (Piomeer 3790) wes planted at 30,200 plants/A on April 28. Lasso (3 1b/A) and atrazine
(2% 1b/A) was applied preemergence. Furadan wae applied at 1 1b a.1./A to control corn rootworms.
The chisel plowed plots were cultivated to remove weeds and volunteer corn. Sidedress applications
of N as anhydrous ammonia were applied at the 4-leaf stage (June 1) and ll-leaf stage (June 19).

Soil sasmples were taken in l-foot increments to a 10' depth from 16 sites located in alleys
throughout this experiment in April. Ammonium-N and nitrate-N data indicated rather consistent and
low levels of nitrate~N in the 0-4' depth throughout this site with some indication of increased NO
accumulation in the 4-7' zone. Nitrate levels between 7 and 10" were lower and again fairly uniform:
Soll cores were also taken to a 10' depth from each of the check plots. Ammonium-N, nitrate-N, and
mineral-N (total of ammonium-N plus nitrate-N) levels within the 0-4' zone were rather low with a
total of 69 1lb N03-N/A (Low) .

Plant sampling procedures at silking and at PM were essentially the same as at the Olmsted Co. site
with one exception. One of the insecticide attachments plugged, resulting in one row out of every 4
not receiving any insecticide. It gradually unplugged during planting of the last 1/3 of the study.

Soil sampling to the l0-foot depth on October 28 was accomplished using the same procedures as in
Olmsted Co, Suction lysimeters were installed in six treatments (24 plots) to a 5' depth in October.

Winona County ~ Kalwes Farm

A 3.0 acre contour strip of Seaton soil was identified in early April, 1987. This farm is owned by
Eugene Kalmes and his son, Robert Kalmes. A field history was provided for the last 4 years. Corn
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was grown in 1986 and received 70 1b N/A and 2 1b atrazine/A. Alfalfa was grown in 1983-85 and
received 6 T manure/A in the fall of 1985.

A randomized, complete~block design with 4 replications was established at this site in mid-April.
Twelve N treatments were established for a total of 48 plots. Each plot measures 20' wide by 65'
long. A transect of 2" soil cores was taken in mid-April. Each core taken to limestone was divided
into 1-foot increments and analyzed for ammonium-N and nitrate-N. Extremely high and variable levels
of NO.-N were found in the top 4' at this site. Nitrate levels between 4' and 7' were also variable
but wére not nearly as high. Reasons for this high level of residual NO,-N perhaps are due to the
alfalfa crop grown from 1983 through 1985 and the 6 tons/A of dairy manuré applied per acre in 1985.
Depth to limestone fragments ranged from 4' at one core site to 10' at & of the 11 core sites.

Spring chiseling was conducted on April 24. The preplant anhydrous ammonia treatments were applied
irmediately afterward. A culti-packer was used as secondary tillage just prior to planting.

Corn (Pioneer 3790) was.planted at 30,200 plants/A on May 1. Lasso (3 1lb/A) and atrazine (2% 1b/A)
was applied preemergence. Counter (8 0z/1000') was used to control corn rootworms. The chisel
plowed plots were cultivated to remove weeds. Sidedress applications of N were applied at the 4-leaf
stage (June 4) and the 10-leaf stage (June 19).

Plant and soil sampling procedures were identical to those used in Olmsted Co. Stainless steel and
PVC suction lysimeters were installed in August and September at the 5' depth in six treatments (24
plots).

RESULTS AND DISCUSSION

Olmsted Co.

Corn grain yields were increased significantly by both the fertilizer and manure N treatments
(Table 1). The addition of 75 1lb N/A increased yield by 73 bu/A resulting in very high fertilizer N
efficiency. The 150-1b N rate applied preplant (PP) gave the highest yield among the fertilizer
treatments. Yields were 7 to 9 bu/A higher with the two hog manure treatments, but thie difference
was not significantly (P = 95% level) above the 150-1b N/A PP treatments. Corn yields with the fall
and split 150-1b treatments were not significantly different from the 150~1b PP treatment. There was
ro significant yield difference between the chisel and no tillage systems.

Table 1. Effect of N treatments on the 1987 corn grain yields in Olmsted Co.

_ Treatment
No. Tillage N Rate Time/Method Grain Yield
1b N/A bu/A
1 Chisel 0 ———— 109.3
2 Chisel 75 Spr., preplant 182.3
3 Chisel 150 Spr., preplant 200.4
4 Chisel 225 Spr., preplant 184.1
5 Chisel 150 1/ Fall, post tillage 195.7
6 Chisel 150 + NI~ Fall, post tillage 191.2
7 Chisel 150 split 50% Spr., preplant 193.0
50% SD, 8-leaf
8 No tillage 1502/ Spr., preplant 198.4
9 Chisel 1752 Spr., disked 207.3
10 Chisel 3 Spr., disked 209.5
Significance Level (%): 99
BLSD (.05) : 14.5
CcV (2) : 5.9
éﬁ N-Serve

Applied liquid swine manure at rates of 5000 and 8900 gal/A, respectively.
Total N rates were 348 and 618 1b N/A or approximately 175 and 310 1lb
“available" N/A.
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Corn yields in the pesticide study were not influenced by tillage system at the P = 90% level but

were reduced significantly by the Br tracer application (Table 2). The 20 bu/A reduction due to Br
did not vary with tillage system.

Table 2. Effect of tillage and bromide treatments on the 1987 corn yields in Olmsted Co.

Bromide treatment

Tillage No Br Br Avg.
bu/A
Moldboard plow 196.7 171.2 184.0
Chisel plow Y, 193.6 172.5 183.1
"Ridge til1" 185.2 170.2 177.7
No tillage 182.3 163.8 173.0
Avg. 189.4 169.4
Statistical analysis
Factor Signif Level (%)
Tillage 84
Bromide 99
Tillage x Bromide 22
CV (%) = 5.8

y Not ridged until June, 1987.

Corn was planted on a 1% acre area which 1is being saved for "future" investigations. Neither
fertilizer N nor pesticides were applied. The corn was cultivated twice to control weeds as best
possible. Corn yields averaged only 65 bu/A primarily due to weed pressure (early season moisture
stress) and insufficilent N. It is interesting to note the 44 bu/A difference between this site and
the 0-1b N plots that were kept weed-free by herbicides.

Yitrogen analyses are being conducted currently on all plant samples to evaluate N uptake by the
plant as affected by the treatments. Numerous soil samples were taken throughout the season from
each plot in both of the studies. As of this writing these soll samples are still being analyzed.

Water sanmples were obtained twice a month from August through late-November from the suction
lysimeters instulled in the N plots. Sampling appeared to be quite successful with about 60 samples
obtained each time from 64 lysimeters. This success was undoubtedly enhanced by the 20.9 inches of
rain that occurred from May 21 through Sept. 30. Samples analyzed to date show very little dif-
ference among treatments in August and early September with concentrations averaging around 6 to 7 mg
NO,-N/L at the 5' depth. By late October there was evidence of increasing NOS-N levels ( 10 mg/L) at
thg 5' depth with the 225-1b N and the two manure treatments.

Goodhue Co.

Grain yields were increased significantly over the control by all of the N treatments (Table 3).
Yields were optimized with the 100-1lb spring PP treatment., The higheat yield, although not
statistically speaking, was obtained with the 150-1b PP treatment containing N-Serve. There was no
difference between the two tillage systems except at the 0-1b rate where chiseling increased yilelds
22.2 bu/A compared to no tillage. None of the split and sidedress treatments enhanced yields over
the spring PP anhydrous applications. Plant analyses are being conducted to determine which treat-
ments resulted in greatest N uptake by the plants and fertilizer N efficiency.

Corn rootworm pressure at this site was extremely high. Root ratings on the non-insecticide treated
plants ranged from 5 to 6 and severe lodging occurred. Corn yields were also measured in this
non-insecticide row of each plot within the study area where the insecticide applicator was plugged
(3 replications). These ylelds reported in Table 3 show yield losses from 16 to 96 bu/A without the
insecticide. These substantial losses demonstrate the importance of proper pesticide use if N
efficiency is to be maximized. Nitrogen not taken up by the rootworm-damaged plants would be highly
susceptible to movement to the groundwater.
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Table 3. Corn yield as affected by N and insecticide treatments in Goodhue Co.

Response
Treatment to
N 1/ Ingecticide ingecti-
No. rate Application time Tillage— with without cide
1b/A ———- Grain Yield (bu/A) ———-
1 0 ——— Chisel 137.8 78.8 +58.9
2 50 Spr. preplant (PP) " 170.5 94.9 +75.5
3 100 " " 186.0 102.6 +83.4
4 150 " " 184.3 114.5 +69.7
5 200 " " 189.5 107.6 +81.9
6 0 @ e No Tillage 115.6 99.5 +16.1
7 100 Spr. preplant (PP) " " 187.5 142.6 +44,9
8 150 " " " 190.0 93.8 +96.2
9 200 " " " 191.6 107.2 +84.4
10 50 + 50 Spr. PP + SD 1l1-1f Chisel 179.8 134.7 +45.0
11 50 + 100 " " " 182.2 107.1 +75.0
12 100 + 50 " " " 186.0 104.7 +81.2
13 100 SD 4-1f " 180.4 120.7 +59,7
14 150 2/ " " 187.6 120.0 +67.6
15 150 + NI Spr. PP " 194.5 115.3 +79.1
16 150 + NI SD 4-1f " 180.0 136.0 +43.9
Significance Level (%): 929
BLSD (.05) H 12.5
CvV (%) : 5.4
ij Chiseling was done in April, 1987.

NI = N-Serve

Soil samples taken to a depth of 10' from each plot in October are presently being analyzed. Water
samples were not taken from this site in 1987.

Winona County

Corn grain yields were excellent at this site but no response to N was obtained (Table 4).
surprising since this was second year corn following alfalfa.

This was

However, after receiving the soil NO

analyses from the spring sampling, this lack of response was expected because of the high reaiduai

NO., values.
thd 70 1b N/

A applied to the 1986 corn crop.
Table 4., Effect of N treatments on the corn grain yield in Winona County
Treatment /

No. N Rate Tige Tillagel Yield
1b N/A bu/A
1 0 ————— Chisel 185.7
2 50 Spr. preplant (PP) " 189.8
3 100 " " " 188.6
4 150 " " " 190.7
5 200 " " " 191.6
6 0 ——— No Tillage 189.9
7 100 Spr. preplant (PP) " " 189.6
8 150 " " " " 183.9
9 200 " " " " 184.2
10 50 + 50 Spr. PP + SD 10-1f Chisel 190.1
11 50 + 100 "now " " 193.3
12 150 SD 4-1f " 188.8

Significance Level (%): 15

BLSD (.05) : NS

CV (%) : 4.1

4 Chiseling was done in April, 1987.

These elevated levels probably were due to the alfalfa plus manure previous history plus
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Plant, soil and water samples are presently being analyzed from this site. Initial soil and water
samples from the 5' depth also indicate high levels of residual N03-N.

SUMMARY
The following summarizes the yleld results from the first year of these studies:

1) N rate was optimized at 150 1b/A for second year corn even though N was not applied in 1986
while at a second site 100 1lb N/A was optimum when N was applied in 1986.

2)  Yields were slightly but not significantly higher with the manure treatments.

3) No apparent yield advantages were found with split or sidedress applications of N at any of the
three sites,

4) There was no yleld difference between the no tillage and chisel tillage systems at any of the
three sites.

5) A tremendous impact of pesticides and previous crop and manure history was shown on corn yield
and N management.

6) The role of alfalfa and manure contributions to available N for succeeding corn crops needs to
be carefully examined and understoocd before improved N management is a reality on these soils.
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NITROGEN SOURCES, RATES, AND TIME OF APPLICATION FOR HARD RED SPRING WHEAT

J.A. Lamb, S.D. Evans, and G.W. Rehm

A renewed interest in foliar application of nitrogen on spring wheat has recently occurred. This
interest arises from a hefty discount on protein below 14% at the elevator and increased attention by
producers to intensify their management of small grains similar to what has occurred in western Europe
and Eastern United States. Another factor 1s although the producers have superior varieties (Marshall
and Wheaton) at their disposal with regard to ylield and lodging, these varieties produce notorfously low
protein grain.

With these facts in hand a study was designed with the following objectives:

1. Determine proper source, rate, and time of application of folfar applied N for greatest grain yield
and protein content on spring wheat.

2. Determine the effect of source, rate and time of application on 1eaf burn.

MATERIALS AND METHODS: This study was conducted at two locations, Crookston and Morris, MN, in 1987.
These locations represent a majority of the 3 million acres of spring wheat grown in western Minnesota.
The treatments involved all combinations of three sources (1iquified Urea, Urea Ammonium Nitrate solu-
tion, and N-Sure an Arcadian product), three times of application (tiller, boot, and heading - Zadoks
2.1, 4.3, and 5.6 respectively), and five N rates (0, 10, 20, 40, and 80 1b N A~1). The plot area was
sof1 tested and fertilized with Urea to a level of 120 1b N A-1, Soi1 NO3~-N 0-2' + fertilizer N). This
corresponds to the Minnesota N recommendation for a 60 bu Al yleld goal. The spring wheat variety
'Marshall' was used at both locatfons. This is a high ylelding semi-dwarf variety planted on 70% of the
Minnesota wheat acreage which produces low protein grain. The seeding rate was 100 1b A-l, The wheat
was seeded with a double disc press wheel drill April 16 and April 21, 1987 at Morris and Crookston,
respectively.

The treatments were applied with a sprayer delivering a volume of 50 gallon A"l at 30 psi pressure.
Table 1 indicates the application dates.

Table 1. Application dates for 1987.

Location
Stage Morris Crookston
date
Tiller 5/20 6/5
Boot 6/3 6/17
Head 6/11 6/22

Leaf burn was visually evaluated one week after each application. Whole plant samples were taken at soft
dough and N concentration was determined. The grain was harvested by small plot combine July 23 and July
28 at Morris and Crookston, respectively. Grain protein content was determined on the grain.

Please refer to title page of this publication for information regarding applfcation and use of this
article.
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RESULTS AND DISCUSSION: Leaf Burn: Leaf burn occurred at both locations and on each application. At
both locations the amount of leaf burn increased as the N rate increased. The N source did effect th

severity of burn. At Morris, UAN caused the most burn, approximately 75% of the leaf at the 80 1b N A-1
rate. The urea caused the next most severe burn and N Sure having the least, approximately 25 to 33% of
the leaf at the 80 1b N A-l rate. Urea did not burn at the 10 or 20 1b N/A rate. N Sure did not cause
burn at the 10, 20 and 40 1b N A"l rates. The difference bstween Urea and N Sure was not large and both
were considerably less than the UAN. At Crookston the UAN burned 75% of the leaf at 80 1b N A1, Unlike
Morris, the Urea and N Sure burned similarly, 25-30% of the leaf at 80 1b N A-l rate 1t caused some burn
at all N rates.

Grain Yield: At Crookston the application of foliar N significantly increased grain yield over the check
by 1.5 bu A-1 at the 20 and 40 1b N A~ rate. Table 2.

At Morris no increase to grain yleld occurred from N rate with a trend towards a decrease at the 80 b N
A-1 rate. At Morris, source and time of application did not effect the grain yleld. At Crookston there
was a time by source interaction for grain yleld. Figure 1 {llustrates that at the tiller application
date, urea produced a higher grain yleld than N Sure or UAN. At the boot application all three N sources
performed the same and at heading UAN and N Sure out-performed Urea. With the amount of leaf burn that
occurred, larger grain yleld differences between sources were expected. In 1987 at both locations, very
dry weather conditions occurred. This 1limited the production of tillers and thus caused additional
stress to the plant which may have masked the leaf burn effects on grain yleld.

o- A
al -
/ / /

Tiller Boot
Time of Application

Figure 1. The interaction of N source and time of application on grain yleld at Crookston, MN, 1987.

Forage Dry Matter Yield: At Morris the forage yleld was not effected by any treatment. At Crookston the
N rate increased the forage yleld but the source X time x rate interaction was highly significant and in
examining the data 1s not interuptable. N
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N _Uptake: The N uptake was significantly Increased at Crookston by only the N rate. It was increased
om 85 1b to 98 1b N A-l at the 80 1b N A~l rate. The N uptake at Morris was not significantly effected
J treatment although a trend towards increased N uptake with increasing N rate.

PROTEIN: Protein content in past several years in spring wheat has been a significant economic quality
factor. At both Crookston and Morris the application of follar N increased the protein content signifi-
cantly 1.0% and 0.5% at Crookston and Morris, respectively (Table 2.). Source and time of application
did not effect protein content. This is not what was expected. Normally, it is thought that the later N
1s applied, the more 1t will effect protein content where the earlier application will effect grain
ylield. This nonresponse may also be attributed to the dry weather conditions.

WHOLE PLANT N: To answer whether the addition of N did get into the plant, whole plant samples were
taken at soft dough stage. At both locations, the addition of follar did increase the whole plant N con-
centration. There were no time of application or N source effects.

Table 2. Grain yleld, protein, forage yleld, whole plant N, and N uptake at
soft dough for foliar N study, Crookston and Morris, MN, 1987.

Crookston Morris
N N
Whole Uptake Whole Uptake
Grain Pro- Forage Plant @ Soft Graln Pro- Forage Plant @ Soft
Rate Yield tein Yield N Dough Yield tein Yleld N Dough
1b N A-1 bual ¥ 1baAl % WwNAD! bual £ bAl %ibNa-l
3 0 48.9 12.2 4614 1.83 85 8.7 13.5 6556 1.59 104
10 47.1 12.7 4305 1.89 81 58.1 13.7 6365 1.59 102
20 50.6 12.8 4893 1.85 91 $8.5 13.7 6770 1.68 110
40 50.6 12.9 4871 1.88 91 56.8 13.9 6779 1.68 115
80 49.5 13.2 4875 2.03 98 5.2 14.0 6456 1.76 113
Urea 49.5 12.9 4765 1.90 90 $8.0 13.9 6794 1.66 113
N Sure 49.4 12.8 4748 1.92 92 8.0 13.8 6546 1.68 110
UAN 49.5 12.9 4695 1.92 89 56.4 13.8 6438 1.67 107
Tiller 50.1 12.8 4784 1.91 91 55.4 14.0 6404 1.68 108
Boot 47.0 12.9 4525 1.95 88 57.6 13.8 6796 1.68 114
Head 51.4 12.9 4899 1.88 92 59.4 13.6 6576 1.65 108
Time NS NS NS NS NS NS + NS NS NS
Source NS NS NS NS NS NS NS NS NS NS
Rate * xk t 3 ] * *k + *k Ns 2 +
Source*Rate NS NS NS NS NS + NS NS NS NS
Time*Source * NS + + + NS NS NS NS NS
Time*Rate NS NS NS NS NS + + NS NS NS
Time*Source*Rate NS NS % NS + NS NS NS NS NS
c.V. 10.3 3.3 16.8 14.9 20.7 9.6 2.3 13.5 12.3 18.9

#*% % and NS are 0.01, 0.05, and 0.20 significant levels, respectively.
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SUMMARY: The use of foifar applications of N for spring wheat in 1987 did cause small increases in grain
protein. These increases may be economically important 1f the protein premium 1s substantial as it has
been since 1985. The effect of source was mixed and 1n all probabi11ty muted by the moisture conditions
which occurred at both locations early in the growing season. The N source did significantly effect the
amount of leaf burn and in the next year of this study a better documentation of this will be done.
Another question raised by this study 1s: would increased preplant soil appliication of N increase the
protein content the same as a foliar application? Hopefully this can be answered in the future.

Spiit Application Study: In conjunction with the foliar N study, a second study was conducted to deter-
mine 1f a split application of foliar N would be more effective than the single application.

MATERIALS AND METHODS: Similar procedures to the foliar N study were followed in this study. Table 3
{ndicates the treatments.

Table 3. Treatments in split N study, 1987.

Treatment Crookston Morris
----- 1b N A~! Applied Follar----

1. Check - base soil N rate 0+0 0+0

2. Tiller and boot 40 + 40 20 + 20
3. Tiller and head 40 + 40 20 + 20
4. Boot and head 40 + 40 20 + 20

RESULTS: At both locations the grain yield was not effected by the addition of foliar N (Table 4). At
Morris the protein was not effected by the additional N, but at Crookston a trend toward increased pro-
tein did occur. This difference in protein response between locations could be caused by the fact that
at Crookston twice as much N was applied fotiar to the crop.

Table 4. Grain Yield and protein for sp1it N study, Crookston and Morris, MN,

1987.
Crookston Morris
Whole

Grain Plant Plant N Grain

Yield Protein Dry Wt. N Uptake Yield Protein

bu A<l % b A-1 % IbNAl  bual %
Check 54.3 12.8 5496 1.69 93 54.1 13.5
T+8* 52.1  13.2 4296 2.02 89 52.5 13.6
B+H 53.0 13.4 5086 1.93 100 53.8 13.6
T+H 50.5 13.0 5001 2.20 111 49.5 13.6
Trt NS .14 NS NS NS NS NS
c.V. 8.1 1.4 19.3 17.1 _28.5 10.1 1.0

* TaT{ller, B=Boot, and H=Head.
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RESPONSE OF SPRING WHEAT TO RATE OF NITROGEN
AND TIME OF APPLICATICN

George Rehm, Ervin Oelke, Brian Schreiber

Fertilizer nitrogen management is one of the production factors when
following the concepts of the Intensive Wheat Management Program.
Adequate but not surplus amounts of nitrogen need to be avcilable to
the plants when following this approach for soils in Southeast Minne-
sota. The level of nitrogen in the soil is an environmental concern
for wheat production as it is for corn and other crops grown.

Procedure

This study was conducted to evaluate (1) wheat plant response to nit-
togen rates and time of application, (2) monitor amount of NO3-N in
the soil during the growing season based on fertilizer nitrogen rates
and time of application, and (3) grain protein content based on nit-
rogen and sulfur treatments.

The site of the study was on the Bob Johnson farm in Goodhue County
on a Seaton Silt-Loam soil. Soil test results at planting time were:
pH - 6.9; P - 39#/acre; K-252#/acre; organic matter of 2.5; and total
NO3-N of 90#/acre to a three foot depth.

Wheaton variety was planted on April 8. Plant count at the tillering
stage was 20-22 plants per square foot. Stampede M was applied at
the rate of 2.5 pints/acre when the wheat plants were in the four leaf
stage for foxtail weed control. Two applications of Mancozeb were
applied at the rate of 2 pounds/acre ~ one at flag leaf stage followed
by a second treatment 14 days later.

Weather conditions were dry prior to flag leaf stage followed by some
timely rains. Temperatures were between 90-100°F. during and shortly
after flowering stage. Stem maggot infestation affected 5-10 percent
of the plants,

The nitrogen (ammonium nitrate) rates were 60-120#/acre. The time of
application was 1) all prior to planting, 2) 1/2 rate prior to plant-
ing and 1/2 rate at flag leaf stage, 3) 1/2 rate prior to planting,
1/4 rate at tillering and 1/4 rate at flag leaf stage. A sulfur
treatment of 30# actual S per acre was added to the 60 and 120¥# rate
of nitrogen. All plots received 100# P05 and 200# K20 per acre prior
to planting.

Wheat plant response was measured in four ways - grain yield, straw
yield, grain test weight and grain protein content.

Soil samples were taken from each treatment three times during the
growing season - at tillering, flag leaf and after harvest. Four soil



166

depths were measured - O to 6 inch, 6 to 12 inch, 12 to 24 inch and
24 to 36 inch.

Results and Discussion

There was no significant interaction between rate of nitrogen and time
of application for any of the plant responses measured.

The nitrogen rate had a significant effect on the grain and straw yield
and the grain protein content corrected to 12% moisture (Table 1).

The rate of 60# N/acre was adequate for yield, but the protein content
increased linearly with increased rates of nitrogen. Test weight was
not effected by rate of nitrogen.

When compared to the treatment of all nitrogen applied prior to plant-
ing, the split applications of fertilizer nitrogen had no effect on
straw or grain yields, test weight or grain protein content (Table 2).

The amount of NO3-N in the soil increased with the rate of applied

nitrogen for all three sampling times, except the 60# rate and when
measured after harvest. Sampling times - 1 being tillering stage,

2 being flag leaf and 3 being after harvest (Table 3).

Frequency of nitrogen application had no significant effect on the
amount of NO3-N measured to a depth of three feet (Table 4).

At the 60# rate of nitrogen, the addition of sulfur had no effect on
any of the plant responses measured, At the 120# rate of nitrogen
grain yield response was significant, but there were no other plant
responses (Table 5)., This response however was from a limited number
of treatments and from only one years results.

Conclusion

The results of this study are from only one year., Climatic conditions
have a major influence on plant response and soil interaction. 1987
grain yields were low - county average is generally 45-55 bushels per
acre.

To determine if time of application and rate of nitrogen would be
economically beneficial, more sites should be selected and studied.
Acknowledgement
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Table 1. The effect of rate of fertilizer N on spring. wheat
grain and straw yield, test weight of the grain and
protein content of the grain.

N Straw Grain Test Grain
Applied Yield Yield Weight Protein
1b./acre 1b./acre bu./acre 1b./bu. %

0 4358 32.2 55.8 11.5
60 5253 38.2 55.7 13.3
120 5478 35.9 55.5 14.0

Table 2. The effect of frequency of N application on spring
wheat grain and straw yield, test weight of the grain
and protein content of the grain.

N Application Straw Grain Test Grain

Schedule Yield Yield Weight Protein
1b./acre bu./acre 1b./bu 3

All preplant 5219 35.7 55.5 13.6

50% preplant
50% at flag leaf 5339 37.0 56.2 13.6

50% preplant
25% at tillering 5540 38.5 55.9 13.8
25% at flag leaf

Table 3. The effect of rate of fertilizer N on total amount of
N°3‘N measured to a depth of 3 feet.

N Samp] i ng
Applied 1l 2 3
lb./acre = =00 eecccccmcaaa. 1b. NOB-N /acre————eccccaaa-
0 72.8 29.3 46.9
60 103.1 33.2 36.5

120 140.4 57.3 51.7
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Table 4. The effect of frequency of N application on the total
amount of Nos-N measured to a depth of 3 feet.

N Application Sampling

Schedule 1 2 3
lb. NO,=-N/acre============-

all preplant 134.2 55.4 50.3

50% preplant
50% at flag leaf 106.6 29.9 36.9

50% preplant .
25% at tillering 124.5 50.4 45.3
25% at flag leaf

Table 5. Effect of sulfur applied with two rates of N on straw
and grain yield of spring wheat, bushel weight of the
grain and protein content of the grain.

Treatment Straw Grain Test Grain
N (] Yield Yield Weight Protein
1b./acre 1b./acre bu./acre 1b./bu 3
60 0 5135 36.7 56.0 13.1
60 30 5352 35.3 56.3 12.7

Sig: -N_s F -E_ —bg—
120 0 5303 34.7 57.9 14.1
120 30 5177 37.5 56.4 13.3
Sig: -;;- * -;;- _;;—

* Difference between treatment means is significant at the .05
probability level.
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EFFECT OF BROADCAST SULFUR ON OORN YIEID
IN SOUTHFAST MINNESOTA

M.J. O'leary and G.W. Rehm

Past research has shown that sulfur is needed on many of the sandy soils in Minnesota for optimm crop
production. Questions arise concerning the possible meed for S in a fertilizer program in southeast
Mirmesota. Many of the soils in this region are well drained with silt loam textures and low organic
matter content. These soil properties increase the probability of a S response.

The objective of this study was to detemmine the effects of broadcast S on corn production in scutheast
Minnesota. Research was initiated in 1984 and results of previous years studies are reported in A Report
on Field Research in Soils - Miscellaneous Publication 2, 1985 to 1987. (nly results of 1987 field results
are reported here,

Experimental Procedure:

Experiments were conducted in 1987 at two sites in Goodhue county. Soil classification and appropriate
soil properties are listed in Table 1. There was no recent history of mamure application at either site.
Four rates of S (0, 10, 20, 40 lbs./acre) and four rates of N (0, 75, 150, 225 lbs./acre) were examired in
a factorial arrangement replicated four times. Nitrogen and sulfur treatments along with recommended
amounts of P and K were broadcast in early spring and incorporated with primary tillage. Granulated gypsum
was used as the S source and urea was used as the N source. Ear leaf samples were collected at silking,
dried, ground and analyzed for N and S. Plots were harvested in October for yield determination.

Results and Discussion:

Grain ylelds and the S and N concentration for ear leaf tisse are shomn in Tsble 1. As would be expected,
yields increased with the addition of N. Considering the relatively high yields response to N was not
dramatic. A rate of 75 lbs. N/acre optimized yield at the Z87 site and 150 lbs. N/acre optimized ylelds at
the J87 site. Sulfur hed no effect on yleld at the J87 site. Routine statistical analysis indicated a
significant negative affect from the high rate of S on com yleld at the Z87 site. A more detailed
analysis indicated that the yields from the control treatment was not significantly different from the
yield of treatments that did receive S. A significant N x S interaction was measured at the J87 site, but
a discernible trend is not obvious and the data does not provide an explanation for this observation.

Soil tests for S at these sites would be considered low or marginal based on the index that is used for
sandy soils. Since no response was obtained, these result support previous findings which show that the
soil test for S has no value in predicting a S response on non sandy soils.

Nitrogen concentration in ear leaf tissue increased with rate of applied N at each site but was mot
affected by S application. Sulfur concentration was affected in a similar marmer. Concentration of S in
ear leaf tissue at these sites was above the level generally considered to be critical (.18 - 20 & S).
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Teble 1. Selected soil properties and classification of the experimental
sites used in 1987.

Site

Property Depth 287 J87
soil series Timuda Seaton
pois| 0-6 5.6 6.7

P, 1b./acre 0-6 44 34

K, 1b/acre 0-6 268 274
§0,-S, ppm 0-6 6.5 8.0
" 6-12 6.5 5.8
" 12-24 4.5 1.8
" 24-36 5.2 2.8
" 36-48 5.0 2.5
" 48-60 4.8 3.5
Organic Matter,s 0-6 2.2 1.6
" 6-12 1.0 b
" 12-24 .3 1
" 24-36 3 2
" 36-48 3 2
" 48-60 b ]

Table 2. Effect of rate of broadcast N and § on yield and the ear
leaf concentration of N and S of com grown on silt loam soils in 1987.

Main Effects
site
S Jg7 z87 Jg7 Jgz 287 Ja7
1b. /acre -- bu/acre -- “== %8 «== ceee- W -----
0 179.7 177.5 21 21 3.10 2.89
10 180.8 179.1 21 .23 2.90 2.81
20 176.6 172.2 21 .22 3.08 2.88
40 180.6 166.7 21 .23 2.9 2.95
sig. ns * ns ns ns ns
N
1b.acre
0 153.0 150.1 18 19 2.65 2.56
75 183.3 181.9 21 22 3.06 2.92
150 192.1 181.7 22 .23 3.03 3.00
225 189.2 182.0 23 .25 3.33 3.04
sig. *k ok Fk ok Fk Wk
CV. % 5.5 4.4 7.1 17.3 14.2 6.0

%k, %, signifcant at .0l and .05 confidence level, respectively.
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APPLICATION OF SULFUR IN A STARTER FERTILIZER
FOR OORN PRODUCTION ON STILT I0OAM SOILS

George Relm, Andy Scobbie, Greg Cremers
Backeround and Justification:

Sulfur recommendations for corn production in Minnesota currently call for the use of this mutrient on
sandy soils with medium to low organic matter levels. Since soil organic matter is the reservoir for
sulfur in soils, many have asked if this nutrient should be added to fertilizer programs for com where
there are low organic matter soils with a silt loam texture.

Recent studies on similar soils in southeast Mimmesota have shown a corn yleld increase from broadcast
sulfur at 2 of 8 experimental sites. Use of a starter fertilizer is a comwon practice in the region.
Therefore, it seemed appropriate and logical to evaluate the effiect of rate of sulfir applied in a starter
for corn grown on these silt loam soils.

Experimental Procedure:

This study was conducted at four locations in southeast Minmesota in 1987. Soils that had an organic
matter content of approximately 2% were selected. Prior to planting, soil samples were collected from 0-
6, 6-12, 12-24, 24-36, 36-48, and 48-60 inches for purposes of site characterization. Selected soils
properties are summarized in Tsble 1.

Sulfur was applied as 21-0-0-24 in a band to the side of and below the seed at planting at rates of 0, 6,
12, and 24 1b./acre. All plots also received 9-23-30 at a rate of 100 1lb./acre as a starter fertilizer.
The 9-23-30 was prepared by mixing equal quantities of 18-46-0 and 0-0-60. The N needed was supplied as
46-0-0- to provide 200 1b, N/acre. This N was broadcast and incorporated before planting.

A proven high yielding hybrid (Pioneer 3737) was planted in late April at a population of approximately
27,000 plants per acre at all sites, Weed control was achieved by using a preemergence application of a
Lasso/Bladex combination.

Ear leaf samples were collected at silking, dried, groud, and amalyzed far S. Crain yields were measured
in mid-October and corrected to 15.5% moisture.

Results and Discussion:

Grain yields are sumnarized in Table 2. Although relatively high yields were recorded at all sites, use
of S in a starter fertilizer had no significant effect on yield, There was some varizbility in yields but
the low CV values indicate that there was an acceptsble amount of precision in the study at each site.

Considering the soil test wvalues for SOA-S and organic matter and results from similar soils in 1984,
1985, and 1986, a response to S use was expected at the Goodhue (J) and Goodhue (Z) sites. These two
sites had not been mammed in recent years. Therefore, it appears that it is still not possible to
predict with confidence silt loam sites in Mirmesota where corn will respond to the use of fertilizer S.

The concentration of S in ear leaf tissue is summarized in Tsble 3. At each site, the rate of S applied
in the starter fertilizer had no significant effect on the S concentration in the ear leaf tissue. It
should be noted that S concentration values from control treatments at all sites were greater than .180 or
.200 vhich are anrently accepted “critical" levels for S in ear leaf tissue of com. These levels of S
from the control treatment indicate that, even with relatively high ylelds, the soils were capable of
supplying adequate S for corn production. With adequate supplies of S in the root zore, dramatic
increases in the S concentration of the ear leaf tissue would rot be expected. The major portion of the S
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supplied by the soil is probably a result of mineralization of soil organic matter.

Table 1. Selected soil properties of the experimental sites used in 1987,

Site
Property Depth Goodme(J) Goodme(Z) Goodhme(E) Winona
el 0-6 6.7 5.2 7.5 6.9
P, 1b./acre 0-6 39 51 23 13
K, 1b/acre 0-6 275 201 256 150
SOA-S, Ppm 0-6 8.0 2.0 6.0 -
" 6-12 5.8 4.8 6.8 -
" 12-24 3.5 4.3 5.8 -
" 2-36 2.5 35 7.3 -
" 36-48 2.8 4.3 4.8 -
" 48-60 1.8 3.8 5.8 -
Organic Matter,% 0-6 1.6 1.3 2.3 -
" 6-12 .5 7 1.1 -
" 12-24 3 3 .5 -
. 24-36 2 2 .2 -
" 36-48 2 1 .2 -
w 48-60 1 1 4 -

Table 2. Effect of rate of S applied in a starter fertilizer on
yield of corn grown on silt loam soils in 1987.

S Site
Applied Goodnue(J) Goodhue(Z) Goodhe (E) Winona
Ib./acre - - - -« ---- bu./acre « « - - - -« = - - -
0 204.5 195.9 187.3 179.4
6 207.2 199.5 195.6 191.3
12 211.0 189.2 191.5 181.2
24 208.0 192.6 186.3 178.2
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Table 3. Effect of rate of S applied in a starter fertilizer
on the S concentration in ear leaf tissue of com
grown on silt loam soils in 1987,

Site
Applied Goodhue(J) Goodhue (Z) Goodhe(E) Winona
b./acre @ - ---<------- 8 - c e e ccceean=--
0 225 224 210 233
6 239 .229 223 250
12 239 .217 208 243
24 245 .228 231 248
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EVALUATION OF THE REIATIONSHIP BEIWEEN TILIAGE AND
PLACEMENT OF P AND K IN A OORN - SOYBEAN ROTATION

George Rehm, Sam Evans, Wally Nelson and Gyles Randall
Backpround and Justificatiop

Until recently farmers had limited choices for placement of P and K fertilizers for corn and soybean
production. They could broadcast and incorporate the P and K before planting or apply these mutrients to
the side of and below the seed at planting (starter). There has, however, been a renewed interest in
placement of P and K fertilizers. This interest has been stimulated by a shift to conservation tillage
systems where broadcast fertilizer is mot incorporated and a desire to improve the efficiency of use of P
and K. This study, therefore, was designed to evaluate the impact of placement of P and K fertilizers on

the yield of corn and soybeans grown in two contrasting tillage systems.
Experimental Procedure

This study was initiated at 3 branch experiment stations (Waseca, Lamberton, Morris) in the fall of 1983
and contimed through the 1987 growing season. Relevant soil properties measwed at the initiation of the
study are listed in Table 1. Corn was the test crop in 1984, 1985, and 1987. Soybeans were grown in
1986.

Four factors (tillage system, rate of applied P05 and K90, placement of P05 and Ky0, and starter
fertilizer use) were evaluated at the Waseca and Morris locations. Space limitations dictated that fewer
treatments be used at the Lamberton location. Therefore, only one rate of Py0s and Ko0 was used at
Lanberton. The study was conducted on both low and high fertility sites at Waseca and Lamberton. Only
ore site (high fertility) was used at Morris,

A suspension fertilizer, 4-12-24, was used to supply the PoOg and Ko0. One rate of Py0s and Ky0 (44 and
87 1b. per acre respectively) approximates removal of P and K by a typical cormn crop. The second rate
used was 1.5 times greater than the first rate cited.

The P,0, and KO were either broadcast on the soil surface, applied in a band on the soil surface in the
middle of existing rows or knifed in to a depth of 5 to 6 inches below the soil surface in the middle of
existing rows. These treatments were repeated on the initial plots each year. Treatments were gpplied in
late October. The fall chisel tillage operation is completed after fertilizer application.

For the ridge-till system, there is no tillage operation prior to planting. The fall chisel plots are
disked in the spring before planting. A 7-21-7 at 100 Ib. per acre is used as a starter fertilizer at the
Waseca and Lamberton locations. At Morris, a 10-34-0 applied at 117 lb./acre is used as a starter
fertilizer. Every effort is made to use management practices that will contxibute to the highest yield at
each location. Com yields were measured with a plot canbine at all locations. Yields are corrected to

15.5% before reporting.
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Table 1. Selected soil properties (0-6 in.) for the experimental sites measured at the initiation of the

location and Fertility Level

Soil Waseca Lanberton Morris
Property High  Tow High Tow High

pH 6.6 6.1 5.8 6.0 7.5
P (B&K #1), 1b,/acre 48 14 33 14 39
K (IN NH,CoH309), 433 190 305 222 259

1b. /acre
Organic Matter, % 3.5 3.5+ 3.0 3.0 3.5+
Texture a* aL_ aL QL STL
*oL - clay loam; SIL = silt loam
Results and Discussion
Moxris Trials

None of the varisbles used had a significant effect on com yield at this location (Table 2). Since rate
of application did not affect yield, results from the use of the lower rate are listed.

The results recorded in 1987 are consistent with those from previous years. FPlacemert of the P05 ad K0
had no effect where soil fertility levels are high. The effect of tillage has rot been consistent at this
site. Because of the warm, dry planting season, tillage system should not be expected to have any effect
on yleld,

Tsble 2. Effect of tillage system, fertilizer placement, and starter fertilizer use on com yield at
Morris when 44 1b. Py0s and 87 1b. Ky per acre were used.

Tillaga System
-No
No
Placement Starter Starter AVg Starter Staxter AVg
------------------------------------- bu./acre -----cccccccecncecccnccnniocccaccneaaeee
None 155 162 172 163
Broadcast 175 164 169 167 169 168
Surface Band 177 163 170 171 172 172
Subsurface Band 175 175 175 163 162 163
Avg, 176 167 167 168
Lanberton Trialg

Both tillage system and the placement of the P05 and K)0 and a significant effect on yield at the low
fertility site at this location in 1987 (Table 3). There was no significant tillage x placement
interaction.

Considering the tillage campenent, yields were higher where the fall chisel system was used. When
averaged over all other varizbles, the yleld difference due to tillage was approximately 3 bu./acre.

When averaged over the other varisbles, the broadcast treatment produced the highest grain yield. The
lowest yield was produced by use of the subsurface bard while the application of P05 and K90 in a band on
the surface produced yields that were intermediate. These results are samewhat inconsistent with those
recorded in previous years and there is no apparent explanation for this lack of cansistency.
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Table 3. Effect of tillage system, fertilizer placement and starter fertilizer use on corn yield at the
low fertility site at Lamberton when 44 1b. PoOs and 87 1b. K0 per acre were used.

Tillage System
Ridge-Till Fall Chisel

No No

Placement Starter _Starter Avg Startex Starter AV
------------------------------------- bu./acre -----c-ceemccmmnmmcedcccacmaaaaca e

None 102 112
Broadcast 135 13% 135 142 141 142
Surface Band 126 132 129 140 141 141
Subsurface Band 134 126 130 1% 138 136
—_ Avp, 132 131 139 140

Both tillage system and method of fertilizer placement had a significant effect an com grain yield at the
high fertility site in 1987 (Table 4). VWhen averaged over the other varisbles used, ylelds were 9
bu./acre higher when the fall chisel system was used. Considering placement, highest yields were produced
by the broadcast application of the Po05 and K0. The use of the surface band produced the lowest yield
while yields resulting from the use of the subsurface band were intermediate.

The results from this site in 1987 are not consistent with results recomded in previoss years. Beuept for
a response from use of starter fertilizer in 1985, fertilizer use had mot previously increased yield of
either corm or soybeans when soil test levels for P and K were in the high range. There is no immediate
explanation for the response measured in 1987.

Table 4. Effect of tillage system, fertilizer placement, and starter fertilizer use on com yield at the
high fertility site at Lanberton vhen 44 1b, Py0s5 and 87 1b. Ky0 per acre were used.

Tillage System
Ridge-Till Fall Chisel
No No
Placement Starter Startex Avg, Starter Startex Ave,
------------------------------------- bu./acre --e--ceeccccmcececccrmccaecictacacreens
Nore 132 141
Broadcast 139 139 139 150 145 148
Surface Band 132 128 130 148 134 141
Subsurface Band 139 1% 137 14 147 144
Ave, 137 134 146 142
Waseca Trials

The 1987 grain yields fram the low fertility site at Waseca were significantly affected by the tillage
system and the placement of the P0g and Ko0. The tillage X placement interaction was also significent
(Table 5).

When averaged over other varisbles included in the study, average yield was 5 bu./acre higher when the
ridge-till planting system was used,

The effect of placement was influenced by the tillage system used. For the ridge-till system, the band
application produced the highest yield with broadcast and surface band placements producing lower ylelds.
In the fall chisel system, the lowest yield was produced by the surface band application. The broadcast
and subsurface band placement produced equal but higher yields.
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These results are consistent with those recorded at this site in previous years when the use of the
subsuxface band in carbination with a starter fertilizer has produced the highest yield.

Table 5. Effect of tillage system, fertilizer placement, and starter fertilizer on com yield at the low
fertility site at Waseca when 44 1b. Po0s and 87 1b. K90 per acre were used.

Iillage System
Ridge-Till Fall Chisel
No No
Placement Stavter Starter Avg, Starter Startex Avg,
------------------------------------- bu./acre ---c--cmsmemmemmme e ccccccaaaes
None 126 118 121 120
Broadcast 158 163 161 163 159 161
Surface Band 161 159 160 150 151 151
Subsurface Band 166 163 165 161 157 159
Avg. 162 162 158 156

Grain yield at the high fertility site was not significantly affected by ay of the varizbles used in this
study (Table 6). These results are consistent with those obtained at this site in previous years.

Table 6. Effect of tillage system, fertilizer placement, and starter fertilizer on com yield at the high
fertility site at Waseca when 44 1b. Py0s5 and 87 1b. Ky0 per acre were used,

Iillage System
Ridge-Till Fal] Chisel

No No

Placement Starter Starter AVE Staxter Starter Avg
------------------------------------- bu,/acre =--cec-emeemceo o creccccecaccaaaoanaae

None 162 168 166 165
Broadcast 169 170 170 167 168 168
Surface Band 171 170 n 161 164 163
Subsurface Band 168 163 166 167 168 168
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EFFECT OF RATE AND FLACEMENT OF POTASSTUM
ON GROWIH AND YIEID OF OORN

George Relm, Greg Cremers, Andy Scobbie
Backeround and Justification:

During recent years, there has been a substantial amount of interest in fertilizer placement. This is
especially true for P and K. In addition to the traditicnal uses of either broadcast or starter
application (fertilizer applied to the side of and below the seed at plantirg), equiprent is now availzble
to place either liquid or dry fertilizers some precise distance from the seed. With most of this new
equipment, the fertilizer is placed in a band below the soil surface.

Earlier research in Mimmesota had shown that the use of subsurface bands in combination with a starter
fertilizer at low soil test lewvels for P and/or K locked promising as a management tool for more precise
placement.

Soils in southeast Mirmesota typically have low to medium lewels of soil test K. These soils also usually
have the ability to fix or "tie up" some of the fertilizer K used for crop production. In addition,
substantial amounts of K are removed from the soil system when corn silage (a common use of corn) is
harvested as part of the dominant dairy enterprise in the region.

The effect of placement of fertilizer K on corn production had not been studied extensively in Mirmesota.

Therefore, the study described in this report was designed to measure the effect of rate and placement of
fertilizer K on growth and yield of com in southeast Minnesota.

Experimental Procedures:

This study was conducted in Olmsted County. Prior to planting, soil samples were collected from 0-6,
6-12, 12-24, 24-36, 36-48, and 48-60 inches for site characterization., Results of the analysis of these
samples are summarized in Table 1.

Table 1. Relevant soil properties of the experimental site.

Soil Depth(in,)

Property 0-6 6-12 12-24 24-36 36-48 48-60
PH 6.2 - - - - -

P, 1b./acre 2 - - - - -

K, 1b./acre 146 153 194 206 169 136

Organic Matter, $ 3.3 - - . - -

A conventional tillage system was used. The plot area was plowed in early April and treatments were
applied after the first disking operation.

The fertilizer K was either broadcast arnd incorporated, applied as a starter at planting, or applied as a
subsurface band before planting. The K was supplied as 0-0-60. When broadcast, the rates of applied K
were 0, 40, 80, 160, and 320 1b./acre. The rates were reduced to 0, 15, 30, 60, 120 1b. K/acre when
applied in either the starter or the subsurface bard. The subsurface bard was placed at a depth of 5 to 6
inches in mid-April in the middle of 30 inch rows. All plots received a preplant application of 200
1b.N/acre as 46-0-0. The preplant N and broadcast K rates were incorporated with a light disking on the
day of application.

Pioneer 3737 was planted on April 28 at a population of approximately 27,000 seeds/acre. All plots
received a starter fertilizer which supplied 18 1b-N and 46 1b. ons/acre. A preemergence application of
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Lasso and Bladex was used for weed control. Quackgrass was controlled by a post-emergence application of
atrazine and oil.

Whole plant samples (6 plants/plot) were taken approximately 30 days after emergence. Ear leaf samples
were collected at early silk. These plant samples were dried, ground and anmalyzed for K by routine ICP
procedures. Uptake of K by the young plants was computed by multiplying early plant growth by K
concentration. Grain yields were measured in mid-October and corrected to 15.5% moisture.

Data collected were analyzed statistically by standard regression and analysis of variance procedures.
Because of the higher rates used for the broadcast applications, data from the broadcast treatments were
analyzed separately.

Results and Discussion;
Crain Yield

When applied in a starter fertilizer or as a subsurface band, grain yield was increased by the rate of K
applied (Table 2). Yield increases, however, were small, but were not affected by the position of the
fertilizer band, When averaged over the starter and subsurface band placement, the application of 15 1b.
K/acre produced an additional 6 bu. of corn/acre with no further increases from additional K.

When the applied K was broadcast and incorporated before planting, grain yields were not affected by the
rate of K used (Table 3). The data collected do mot provide a camplete explanation for the lack of
response to broadecast K.

Based on the soil test K values for the surface 0-6 in., a response to fertilizer K would be expected.
The levels of soil test K in the subsoil, however, were much higher than typically found in the region.
These relatively high levels of K in the subsoil can be used to explain the small increase in yield from
banded applications of fertilizer K.

Early Growth

Considering the starter fertilizer and subsurface band, average early growth increased as rate of applied
K increased to 30 1lb./acre with no further increases from added K. The early growth was not affected by
the placement of the band (starter vs. center of row).

In contrast to yield, early growth was improved by broadcast K applications (Tsble 3). The weight of the
young plants increased linearly as rate of broadcast K was increased. These data show that effects of K
on early growth are not necessarily reflected in yield.

K Concentration in Plant Tissue

The concentration of K in young comn plants increased as the mate of gpplied K increased (Tdbles 2 ad 3).
The K concentration in young plants was also affected by placement (Table 2) with concentrations being
higher when K was applied in a starter rather than a subsurface band between the rows. This would be
expected because of a higher percentage of the root system of the young plants being closer to the
fertilizer K when a starter fertilizer is used. The K concentration in young plants also increased
linearly as irncreased rates of K were broadcast (Table 3).

When applied in either a starter fertilizer or a subsurface band, the K concentration in the ear leaf
tissue increased linearly with rate of K applied (Table 2). The placement of the band had no effect on K
concentration, The K concentration in the ear leaf tissue also increased linearly with rate of K that was
broadcast and incorporated (Table 3).

It should be noted that K concentrations in the ear leaf tissue are much lower than currently accepted
critical levels. The data gathered in this study do not provide the explanation for these low values.
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Table 2. Effect of rate of K applied in either a starter or
subsurface band an grain yield, early growth and the
K concentration in whole plant and ear leaf tissue.

K Grain Early K Cone. K Conc.
Applied Yield Growth Whole Plant Ear Leaf
1b. /acre bu./acre gn/6 plants % %
Starter;

0 188 49 1.86 1.08

15 193 61 2.33 1.13
30 191 61 3.00 1.27
60 193 61 4.35 1.55
120 194 55 4.67 1.75
Subsurface Band:

0 188 47 1.50 .99
15 191 55 2.10 1.20
30 186 62 2.26 1.19
60 192 54 2.65 1.46

120 191 62 3.82 1.77

Table 3. Effect of rate of broadcast K on grain yield, early
growth and K concentration in whole plant and ear

leaf tissue,

K Grain Early K Concentration
Applied Yield Growth Whole Plant  Ear leaf
lb./acre bu./acre gw6plants - - - - - - $------

0 192 52 1.86 1.20

40 195 54 2.12 1.22
80 193 58 2.41 1.41
160 195 57 3.20 1.65
320 198 63 4.23 2,10

Sumyary

Although soil test values for K in the surface soil were in the lov to medium rarge, K gpplied in either a
starter fertilizer or a subsurface band between the rows produced anly smll increases in gmain yield with
15 1b. K/acre being adequate. Broadcast applications of fertilizer K had o impact on yield. Subsoil K
values were higher than what is considered to be typical. This ample supply of K in the subsoil probably
reduced the degree of response to fertilizer K.

The rate of K applied did increase the K concentration in whole plant and ear leaf tissue. The K
concentration, however, was not related to yield.
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EVALUATION OF THE EFFICIENCY OF BAND PLACEMENT
OF P FERTILIZER FOR CORN, SOYBEAN, AND WHEAT

J.A. Lamb, G.W. Rehm, G.W. Randall, and W.W. Nelson

INTRODUCTION: Efficient P fertilizer use is continuing to be an important area of production management
for finding the least cost method of production. Little information is available in the Northern Corn
Belt about which methods of application are best. Winter wheat growing areas (Kansas, Nebraska and
Colorado), have found that a starter or row application of P can be many times more efficient than a
broadcast applicatfon. This report is concerned with the results of the second year of a study conducted
in Minnesota with the overall cbjective to evaluate the efficiency of band placement methods (starter,
and knife) for spring wheat, corn an soybean over the northern corn belt. Under this broad objective the
two following specific objectives will be addressed.

1) Determine the efficiency of band applications of P as compared to broadcast on a spring wheat -
soybean rotation 1n northwestern Minnesota and corn-soybean rotation at two locations in southern
Minnesota.

2) Determine residual effects of band and broadcast placements of fertilizer P on P uptake and crop
yleld. ;

MATERIALS AND METHODS: The second of three years of this study was conducted in 1987 at Waseca,
Lamberton, and Crookston, MN. Corn and soybean were grown at Waseca and Lamberton with spring wheat and
soybean grown at Crookston. Table 1 presents the soil test information for each location. The following
variables were measured on corn at Waseca and Lamberton; grain yleld, forage yleld, forage P con-
centration and uptake, ear 1eaf P concentration at sitking, and grain moisture content. Soybean
variables measured at all locations were: grain yleld, forage yleld, forage P concentration and uptake,
leaf P concentration at mid-flower, and grain moisture. At Crookston the parameters measured on the
wheat were grain yield, grain protein content, bushel weight, grain moisture content, forage yleld, and
whole plant P concentration and uptake at anthesis. The grain moisture has been incorporated into the
grain yleld data. The corn, soybean, and wheat grain ylelds have been corrected to 15.5, 13.5 and 13.5%
moistures, respectively. The wheat protein values are reported on a 13.5% moisture basis.

Table 2 1ists the treatments that were established on all six sites. Four repliications of a complete
factorial arrangement of three methods of phosphorus placement and five phosphorus rates were
established. The broadcast method was incorporated at all locations. The knife method at Waseca (corn
and soybean) and Lamberton {corn and soybean), placed a preplant band of fertilizer at a 6-inch depth
between the 30 inch width rows. At the Crookston (spring wheat) site the knife method placed preplant
fertilizer 6 inches deep with a shank spacing of 15 inches. The knife method for Crookston soybean was
two 15" width preplant bands between the 30" rows applied at a 6" depth. The starter method at Waseca
(corn and soybean), Lamberton (corn and soybean), and Crookston (soybean) involved a band of fertilizer
applied at planting 5 to 7 inches from the row and 2.5 to 3 inches deep. The Crookston (spring wheat)
site starter treatment involved placement of fertilizer directly with the seed at Waseca and Lamberton.
The phosphorus rates were 0, 10, 20, 30 and 40 1b P A"l at Crookston, the rates were 0, 5, 10, 15 and
20 1b P A"l. Ammonfum polyphosphate, 10-34-0, was the P source at all locations. Three extra treatments
were added to the factorial to test effect of combined application methods. These were 20 + 20 1b P A-1
(5+51FP A-1 at Crookston) broadcast + knife, broadcast + row, and row + knife (Table 2). They were
analyzed statistically as a method comparison with the broadcast, knife, and row treatment at the 40 1b P
A-1 1evels (10 1b P A-l at Crookston).

Please refer to title page of this pubiication for information regarding application and use of this
article.
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Table 1. Soil test values for P-efficiency study, 1887.

Crookston™ Waseca™* Lazberton**
Soybean Wheat Soybean Corn Soybean Corn
pH 7.8 7.9 5.9 5.9 6.2 6.1
oMY 3.0 2.4 3.5 3.5 3.8 3.9
Salts mmho 0.2 0.4 - - - -
NOg~-N 0-24® 31 18 - - - -
P b Al 10 9 10 10 3 7
K1b A 1 230 240 331 382 250 200
- NaHCO3-P
Bray-P

Table 2. Treatment description for project MN-1L.

Treatment Factor: Factor:
Number Placement P Rate
# P/A
1 Broadcast On*
2 Broadcast 10
3 Broadcast 20
4 Broadcast 30
5 Broadcast 40
6 Knife * 0
7 Knife * 10
8 Knife * 20
9 Knife * 30
10 Knife * 40
11 Starter + 0
12 Starter + 10
13 Starter + 20
14 Starter + 30
15 Starter + 40
16 Broadcast + Knife 20 + 20%**
17 Broadcast + Starter 20 + 20%**
18 Knife + Starter 20 + 20%**

*  15-inch width at wheat-soybean location.
5-7 inches from row in soybean and corn - applied with seed in
spring wheat.
** P rates are 0, 5, 10, 15, and 20 pounds P per acre at Crookston
in 1987.
#*% At Crookston the P rate was 5 + 5.
Broadcast and knife applied: Crookston October 15, 1986
Lambsrton October 28, 1986
Waseca November 4, 1986
Starter applied: Crookston June 1, 1987 - Soybean
Crookston April 21, 1987 - Spring Wheat
Lamberton April 23, 1987 - Corn
Lamberton May 21, 1987 - Soybean
Waseca May 5, 1987 - Corn and Soybean
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Factorial Experiment: Corn - Grain yield, ear leaf P, forage yleld, whole plant P, and P uptake were
increased significantly by P fertilization at both Waseca and Lambertcn, Tables 3 and 4. The rate
response for grain yleld was quadratic in nature maximizing yleld at 30 1b P A-l at Waseca and 40 1b P
A-l at Lamberton. At Waseca, there was no difference in any of the measured parameters from method of
application.

At Lamberton there was a significant method response for grain yleld and ear leaf P. With grain yleld,
broadcast application performed best, knife intermediate and finally starter performing the poorest.
This is contrary to other results reported for corn. Normally if there is an advantage to method of
application the starter application method is superior to broadcast. The ear leaf P contents indicate
the highest concentration occurred in plants treated with the knife application method. The starter
application had the lowest P concentration with the broadcast treatment intermediate. Forage yield
response to the P fertiiizer at Lamberton was quadratic and yleld was maximized at 30 1b P A-l. Thep
concentration data for method effects does not {indicate the same result. At Waseca, forage yleld
response was 11near with the greatest yield occurring at 40 1b P A-l. At both Lamberton and Waseca,
whole plant P concentration and P uptake increased 1inearly to P applications. Forage yield, whole plant
P, and P uptake were not effected by method of appiication at either locatfon.

Soybeans - The application of P fertilizer caused positive responses in grain yleld, leaf P, forage
yield, whole plant, and P uptake at Waseca and Lamberton, Table 3. Forage yield, Plant P and P uptake
was effected at Crookston, Table 5. Lamberton forage yield, Waseca whole plant P, Waseca P uptake, and
Crookston forage yield had quadratic responses while the other effects responded 1inearly. The maximum
forage yield occurred at 40 1b P A~! and 5 1b P A-1 at Lamberton and Crookston, respectively. The maxi-
mum whole plant P and P uptake at Waseca occurred at 40 1b P A}, The method of application signifi-
cantly effected leaf P at Waseca, whole plant P at Lamberton, grain yleld at Lamberton, and forage yleld
and P uptake at Crookston. At Waseca, the leaf P concentrations were significantly lower in the plants
with the broadcast application of P than the knife or starter applications. The leaf P concentrations in
starter and knife treatments were similar. The whole plant P concentrations at Lamberton were greater
with broadcast application compared with knife and starter. No difference occurred between knife and
starter application. The broadcast method produced the greatest grain yield (36 bu A‘l) at Lamberton.
The starter and knife treatments performed similarly (33.4 and 34.8 bu a1, respectively). This response
is similar to 1988 data. At Crookston the starter application treatment produced the greatest forage
yfelds and P uptake. The broadcast treatments did the poorest with the forage yields and P uptake from
knife applied plants intermedfate.

Wheat - Grain yleld, forage yield and P uptake were increased by P fertilization at Crookston, Table 5.
The grain yleld was greatest at the 20 1b P A-1 rate and was not maximized. The forage yleld response
was quadratic and maximized at 15 1b P Al p uptake response was linear and corresponded to grain yleld
results. No method of application response occurred to any of the measured parameters.

Summary: Of the six site locations, five had grain yleld increases from P fertilizatton. In most
instances, there was no method of application response (Crookston wheat, Waseca corn, and
Waseca soybeans). At Lamberton on corn and soybean, broadcast application produced superior grain ylelds
with the band applications (knife and starter) comparing similarily to each. This infers an advantage to
dealers in Minnesota. A cheaper and easier application, broadcast, can be used, thus special adaptation
of knives is not needed. The soybean data coincides with past results. Because of the soybean's later
corn andnot wheatdoes data planting and pattern of P uptake, no advantage to a banded application would
occur. Thecorrespond with observations in other experiments. Normally the starter placement 1s the
optimum placement. At Lamberton the broadcast performed the best. At this time no explanation can be
given.

Application Experiment: The results from the split application experiment are 1isted in Tables 6, 7 and
8. The statistics suggest that there were scme differences among treatments. In most cases, the dif-
ferences are from the response to P fertilizer and not from the mixed applications. It can be concluded
that the use of mixed applications 1s not more advantageous than a single application of one method.



Table 3. Means and statistical analyses for Lamberton
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soybean and corn, 1987.

Soybean Corn
Trifol- Whole P gar Whole P
late Forage Plant Up- Grain Leaf Forage Plant Up- Grain
Mothod P Rate P Yield P take Yield P Yield P take Yield
1b P/A_ % i1b/A__ % 1b/A Bu/A % 1b/A ) ] 1b/A_Bu/A
Broadcast 0 0.312 5615 0.199 11.21 31.1 0.182 12855 0.128 16.51 110.4
10 0.331 5085 0.205 10.38 33.2 0.196 13285 0.136 18.07 121.8
20 0.336 5540 0.230 12.76 36.8 0.230 13230 0.155 20.60 135.0
30 0.403 5685 0.225 12.78 36.2 0.221 13785 0.144 19.80 128.3
40 0.353 5780 0.228 13.31 37.9 0.239 13455 0.155 20.92 142.4
Knife 0 0.291 5745 0.188 10.70 32.1 0.180 12210 0.132 16.28 110.0
10 0.340 5485 0.181 9.97 34.0 0.198 13455 0.127 17.06 125.0
20 0.351 5550 0.206 11.43 33.5 0.224 13305 0.121 16.03 125.7
30 0.378 5580 0.211 11.85 36.4 0.241 14485 0.138 20.09 127.1
40 0.401 6005 0.220 13.22 35.3 0.253 14165 0.160 22.71 134.4
Row 0 0.285 5715 0.180 10.82 31.0 0.162 12150 0.123 15.00 113.8
10 0.327 5285 0.182 9.60 30.6 0.185 13530 0.131 17.88 124.0
20 0.357 5945 0.189 11.18 33.7 0.222 14200 0.145 20.61 122.2
30 0.407 5930 0.217 12.91 31.9 0.200 13365 0.148 20.35 122.6
40
P Rate #/A 0 0.296 5692 0.193 10.93 31.4 0.174 12405 0.128 15.93 111.3
10 0.332 5285 0.189 9.99 32.6 0.193 13423 0.131 17,67 123.6
20 0.348 5678 0.208 11.79 34.7 0.225 13578 0.140 19.08 127.6
30 0.396 5752 0.218 12.51 34.8 0.221 13878 0.134 18.64 126.9
40 0.401 6097 0.222 13.54 36.9 0.239 13792 0.154 21.32 133.1
Method
Broadcast 0.356 5522 0.222 12.31 36.0 0.221 13438 0.148 19.85 131.9
Knife 0.367 5656 0.204 11.62 34.8 0.229 13852 0.136 18.97 128.0
Starter 0.385 5932 0.201 11.95 33.4 0.208 13712 0.136 18.73 123.5
Method NS 16 .06 NS 04 NS .16 NS .04
p Rata *k .015 .02 L 3 k2 ] L § xR t 1 ] k2 ] ak
L1“ear k£ .013 x% L 3 ] 1 4 E 2 2 xR 1 %
Quadratic NS .04 NS NS NS 04 ** NS NS .07
Method x P Rate NS NS NS NS NS .14 NS .12 NS
C.V. 13.9 9.5 13.3 16.8 7.3 7.6 5.3 13.0 15.6 6.6

** {s 0.01 significance levels.
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Jable 4. Means and statistical analyses for Waseca soybean and corn, 1987.

Soybean Corn
Trifol- Whole P Ear Whole P
jate Forage Plant Up- Grain Leaf Forage Plant Up- Grain
Method P Rate P Yield P take Yfeld P Yield P take Yield
1b P/A_% 1b/A___ % 1b/A Bu/A % 1b/A 3 1b/A_Bu/A

Broadcast 0 0.379 4727 0.195 9.27 35.8 0.159 12175 0.110 13.64 118.1
10 0.423 5150 0.247 12.62 41.9 0.186 13480 0.109 14.80 129.2
20 0.461 5575 0.265 14.91 43.9 0.218 14860 0.128 19.27 144.0
30 0.465 5480 0.251 13.67 44.3 0.260 15070 0.142 21.38 147.9
40 0.503 5849 0.316 18.52 44.7 0.249 14795 0.133 19.69 148.9

Knife 0 0.409 5040 0.205 10.42 42.6 0.168 13880 0.111 15.60 135.5
10 0.449 5390 0.251 13.62 43.3 0.219 14535 0.121 17.63 138.0
20 0.478 5365 0.291 15.60 43.4 0.230 15345 0.122 18.79 152.7
30 0.482 4935 0.274 13.57 43.4 0.248 14910 0.128 19.10 156.6
40 0.531 5465 0.286 15.57 46.4 0.253 15300 0.131 20.78 143.7

Row 0 0.388 4825 0.189 9.08 39.2 0.146 12455 0.108 13.55 121.8
10 0.438 4770 0.272 13.02 39.0 0.180 13410 0.103 13.98 144.0
20 0.455 5460 0.291 15.80 42.8 0.226 14370 0.109 15.70 149.2
30 0.498 5545 0.273 15.03 45.8 0.245 15865 0.136 21.68 150.9
40 0.535 5640 0.298 16.83 47.4 0.263 15550 0.133 20.67 146.3

P Rate #/A 0 0.392 4863 0.196 9.59 39.2 0.158 12837 0.110 14.26 125.5
10 0.437 5103 0.257 13.09 41.4 0.199 13808 0.111 15.50 137.1
20 0.465 5467 0.282 15.47 43.4 0.225 14858 0.120 17.92 148.8
30 0.482 5320 0.266 14.09 44.5 0.251 15282 0.136 20.71 151.8
40 0.523 5653 0.300 16.97 46.2 0.255 15415 0.132 20.38 145.6

Methed
Broadcast 0.463 5515 0.270 14.93 43.7 0.228 14551 0.128 18.81 142.0
Knife 0.485 5289 0.275 14.59 44.1 0.238 15173 0.126 19.08 147.7
Starter 0.482 5354 0.284 15.20 43.7 0.231 14799 0.120 18.01 147.6
Method 08 NS NS NS NS NS NS NS NS NS
P Rate an % kR " ** *x ~ "~ L *n
Linear o AR *n T3 > *k ' " "
Quadratic NS NS .02 04 NS haiad A1 NS NS o

Method x P Rate NS NS NS NS .15 NS NS NS NS NS

c.v. 6.0 10.5 13.7 16.1 6.6 11.3 9.1 12.6 17.5 9.0

** {5 0.01 significance level.



186

Table S§. Means and statistical analyses for Crookston soybean and spring wheat,

1987.
Soybean Spring Wheat
Trifol- P p
fate Forage Up-  Grain Forage Up- Grain Bu. Grain
Method P Rate P Plant Yleld take Yield Plant Yield take Yleld Wt. Protein
1b P/A % P _1b/A_ % Bu/A__ P 1b/A_ % Bu/A 1b/Bu %

Broadcast 0 0.389 0.247 4878 11.99 31.4 0.265 6034 15.85 65.2 61.9 12.1
5 0.408 0.242 5149 12.59 33.1 0.284 6500 18.43 70.3 61.9 12.0
10 0.385 0.220 4902 10.70 32.3 0.289 6621 18.86 69.2 62.0 12.0
15 0.424 0.242 5337 12.89 33.3 0.247 7680 19.13 72.0 61.8 1l1.7
20 0.393 0.267 5252 14.07 30.7 0.281 6762 19.26 68.8 61.9 12.2

Knife 0 0.388 0.222 5264 11.68 32.5 0.257 5213 13.45 5 61.9
5 0.401 0.258 5562 14.30 32.2 0.265 6995 18.64 6 61.7
10 0.400 0.232 5278 12.37 31.5 0.243 6837 16.60 63.3 61.6 12.3
15 0.403 0.249 5587 14.12 31.5 0.279 7001 19.63 6 61.8
20 0.414 0.250 5321 13.48 31.4 0.274 6805 18.07 7 61.5

Starter 0 0.3%6 0.229 4868 11.16 32.2 0.275 5505 15.00 57.3 62.0 12.3
.5 0.404 0.225 6218 14.44 32.5 0.261 6509 16.64 61.0 61.5 12.1

10 0.401 0.234 6194 14.62 32.4 0.284 6663 18.93 69.4 62.0 12.0

15 0.384 0.269 5814 15.61 32.0 0.300 6997 20.56 69.1 61.9 11.7

20 0.410 0.254 5267 13.48 32.6 0.301 6666 20.10 71.4 61.8 11.8

P Rate #/A 0 0.391 0.233 5004 11.61 32.1 0.265 5584 14.77 60.1 61.9 12.3
5 0.404 0.242 5643 13.78 32.6 0.270 6668 17.90 67.1 61.7 11.9

10 0.3%6 0.229 5458 12.56 32.1 0.272 6707 18.13 67.3 61.9 12.1

15 0.405 0.252 5558 14.08 32.3 0.275 7226 19.77 69.0 61.8 11.8

20 0.406 0.257 5280 13.67 31.6 0.285 6744 19.48 70.8 61.7 12.0

Method
Broadcast 0.402 0.243 5160 12.56 32.4 0.275 6891 18.92 70.1 61.9 12.0
Knife 0.404 0.247 5437 13.57 31.7 0.265 6909 18.48 67.7 61.6 12.0
Starter 0.401 0.244 5877 14.47 32.4 0.287 6709 19.06 67.7 61.8 11.9
Method NS NS 02 .08 NS NS NS NS NS NS NS
P Rate NS .08 13 .04 NS NS bl 02 * NS NS
Linear NS 03 NS .03 NS NS "k NS NS NS
Quadratic NS NS 03 NS NS NS *%* 18 NS NS NS
Method x P Rate NS NS NS NS NS NS NS NS NS NS NS

c.v. 5.9 11.5 11.8 16.2 6.8 14.8 13.8 20.5 9.9 1.1 4.6

** {5 0.01 significance level.
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Table 6. Means and statistical analyses for split appiication study for Lamberton
soybean and corn, 1987.

Soybean Corn
Trifol- Whole P Ear Whole P
{ate Forage Plant Up- Grain Leaf Forage Plant Up- Grain
P Yield P take Yield P Yield P take Yleld
Treatment % 1b/A % 1b/JA Bu/A % 1b/A % 1b/A Bu/A

e — p——

B+K20+20 0,380 5695 0.228 12.99 35.0 0.244 13780 0.158 21.62 134.1
B+S20+20 0.384 5280 0.239 12.68 37.8 0.239 14300 0.166 23.74 134.6
K+S20+20 0.421 5755 0.226 12.96 36.1 0.241 14950 0.169 25.33 133.3

B 40 0.353 5780 0.228 13.31 37.9 0.239 13455 0.155 20.92 142.4
K 40 0.401 6005 0.220 13.22 35.3 0.253 14165 0.160 22.71 134.4
S 40 0.448 6505 0.217 14.09 37.4 0.226 13755 0.148 20.35 122.6
Check 0.296 5692 0.193 10.93 31.4 0.174 12405 0.128 15.93 111.3
Treatment bl A0 .14 A5 wE ke bl ** haind boad
c.v. 11.6 9.2 14.1 168 58 7.9 8.3 11.6 14.4 5.1

** {s 0.01 significance level.

Table 7. Means and statistical analyses for split application study for Waseca
soybean and corn, 1987.

Soybean Corn
Trifol- Whole P Ear Whole P
{ate Forage Plant Up- Grain Leaf Forage Plant Up- Grain
P Yield P take Yield P Yield P take Yield
Treatment ' 3 Ib/A_ % 1b/A Bu/A % 1b/A % 1b/A Bu/A

——

B+K20+20 0.487 5625 0.322 18.04 45.0 0.251 15255 0.133 20.44 149.3
B+S20+20 0.492 6095 0.304 18.37 46.9 0.250 15500 0.130 20.13 162.0
K+S520+20 0.515 5460 0.257 13.97 42.2 0.258 14150 0.137 19.43 149.0

B 40 0.503 5849 0.316 18.52 44.7 0.249 14795 0.133 19.69 146.9
K 40 0.531 5465 0.286 15.57 46.4 0.253 15900 0.131 20.78 143.7
S 40 0.535 5640 0.298 16.83 47.4 0.263 15550 0.133 20.67 146.3
Check 0.392 4863 0.196 9.59 39.2 0.158 12837 0.110 14.26 125.5
Treatment 2 2 ] *e k | 3 ] R *R "k *k *k
c.v. 5.0 9.4 14.8 1:4.6 7.8 10.3 8.7 8.5 13.5 11.1

** {s 0.01 significance level.
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Table 8. Means and statistical analyses for split application study for
Crookston soybean and wheat, 1887.

Soybean Spring Wheat
Trifol-
{ate Plant Forage P Grain Plant Forage P Grain Bushel Grain
P P  Yield Uptake Yield P  Yield Uptake Yield Wt. Protein
Treatment % ¥ 1W/A _1b/A_ Bu/A % 1b/A 1b/A__ Bu/A 1b/Bu ¥

B+K5+5 0.471 0.242 5452 13.16 30.2 0.284 7531 21.72 €7.9 61.2 11.8
B+SS5+5 0.398 0.270 5392 14.52 33.6 0.266 7238 19.39 70.9 62.4 11.9
K+3S5+5 0.418 0.252 5766 14.52 33.6 0.260 7929 20.55 75.4 6l.1 11.6

B 10 0.385 0.220 4802 10.70 32.3 0.289 6621 18.86 69.2 62.0 12.0
K10 0.400 0.232 5278 12.37 31.5 0.243 6837 16.60 63.3 61.6 12.3
s10 0.401 0.234 6194 14.62 32.4 0.284 6663 18.93 69.4 62.0 12.0
Check 0.391 0.233 5004 11.61 32.1 0.265 5584 14.77 60.1 61.9 12.3

Treatment NS NS .10 .04 NS NS 05 07 NS

** {s 0.01 significance level.
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EFFECT OF GYPSUM AND BORON AMENIMENTS GN POTATO YIELD
AND INCIDENCE OF INTERMAL TUBER QUALITY DISCRDERS

C. Rosen, J. Bartz and F. Laner

Preharvest internal tuber quality disorders such as brown center and hollow heart are of great concern to
potato growers. In severe cases, these disorders make the produce urmarketable and consequently may
result in considerable losses for the grower. In many cultivars such as Russet Burbank, brown center is
gererally considered to precede hollow heart. Susceptibility to brown center and hollow heart has been
related to envirormental conditions and genotype. Conditions which promote large tubers and periods of
fast growth favor the development of internal disorders. In Russet Burbark, cool temperatures coupled
with high soil moisture often lead to a high incidence of hollow heart. Another potato cultivar vhich
shows a high incidence of brown center and hollow heart under certain conditions is Reddale. W&hen grown
in the Red River Valley (mon-irrigated fine-textuwed soils), Reddale gemerally has very good quality.
However, when grown in the irrigated sands of central Mirmesota, it generally performs poorly due to a
high incidence of brown center and hollow heart. One major attribute of Reddale in either enwviromment is
that it shows a high degree of resistance to Verticillium wilt, a major cause of early dieback in potato.
The most popular red potato grown in central Mimmesota is Norland which is susceptible to Verticillium
wilt. A reduction in the incidence of brown center in Reddale would make this cultivar more useful to
growers vwhich in tum would reduce losses due to early dieback. Becase calciim ad boron soil levels can
be low in the sandy soils of central Minnesota, the role of these mutrients in brown center and hollow
heart was investigated. The purpose of this experiment was to determine the influerce of gypsum and boron
soil amendments on potato productivity and incidence of tuber disorders in Reddale, Russet Burbark and
Krantz potatoes. Krantz was included as a cultivar resistant to intermal quality disorders.

Materials and Methods

This experiment was conducted at the Sand Plains Research Famm in Becker, MN. The soil, a Hubbard Loamy
Sand had the following soil chemical properties prior to planting (0-6"): pH, 6.3; P, 109 1b/A; K, 239
1b/A; Ca, 1105 1b/A; S, 5 ppm; B, 0.2 ppm. The previous crop was sweet corn. Prior to planting, 0-0-22
at the rate of 250 lbs/A was broadcast and incorporated. Four nutritional treatments were evaluated: 1)
control, 2) 1.0 1b/A B as solubor applied at hilling, 3) 500 1b/A Ca as gypsum preplant broadcast and
incorporated, and 4) 1.0 1b/A B at hilling and 500 1b/A Ca preplant. Gypsum was applied by hand and
incorporated one week prior to planting. Solubor treatments were applied by hand and then incorporated
during hilling, Reddale, Russet Burbank, and Krantz certified seed were planted by hand on April 13 at a
spacing of 3' between rows and 1' within the row. A 3 X 4 factorial treatment arvergement was used with 4
replications in a randomized complete block design. After planting, all cultivars received 1000 lbs/A of
8-10-30 as a band application. Nitrogen, as ammonium nitrate, was sidedressed at emergence (70 1b N/A)
and at hilling (70 1b N/A). The most recently matured leaves from each cultivar were sampled on July 8.
Samples were dried, ground, and then analyzed for Ca and B using ICP procedures. Two days prior to
harvest, soil samples from the top 12 inches in the middle of the hill were collected air dried and
analyzed for Ca, S, and B, All cultivars were harvested on Septenber 22. Subsamples of 20 tubers per
size category for each cultivar were collected for quality evaluation.

Results

Gypsum and boron soil amerndments increased soil test levels of Ca, S, and B (Table 1). Boron levels in
the treated plots were still in a range considered low for most crops. Soil Ca increased slightly with
gypsum application; however, the check plot had Ca levels considered adequate for crop growth. Soil S
increased from a level in the low range in the check plot to a relatively high level in the gypsum tveated
plots.
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At the rates gpplied, gypsum and/or B amendments had no effect on potato yield (Tsble 2). Reddale died
back early due to an apparent preferential infestation of Buropean com borer. Despite this early
dieback, Reddale yield was greater than either Russet Burbark ar Krantz. The yield of Reddale vas made up
largely of juibo size potatoes which is an undesirable size for fresh market potato production.

Tissue levels of B and Ca varied with cultivar (Table 3). Krantz had the highest concentrations of B and
Ca, Russet Burbank the lowest and Reddale was intermediate. Gypsum applications did not significantly
increase leaf tissue Ca levels. Boron applications increased tissue B in all three cultivars.

Because of significant interactions between cultivar and soil amendments, the effect of B and/or gypsum
on tuber quality was analyzed separately for each cultivar. Neither of the amendments alone or in
combination reduced the incidence of brown center or hollow heart in jurbo Reddale potatoes (Tsble 4).
In the smaller A size potatoes, gypsum and gypsum plus boron significantly reduced the incidence of
internal quality disorders compared to the check plot. Boron alone tended to lower incidence of brown
center and hollow heart, but the effect was mot significant. In the B size category, brown center and
hollow heart were virtually nonexistent. There was mo effect of gypsum or B amendments on Russet Burbank
tuber quality (Table 5). The internal disorders of Russet Burbark were somewhat different than those of
Reddale. The hollow heart in Russet Burbank was located more near the end of the tuber as a horizontal
cavity. In contrast, The hollow heart in Reddale was more in the certer of the tuber, more widespread ad
usually was much darker. These differences may imply that the internal disorder of Reddale is not the
same as the internal disorder of Russet Burbank. Krantz did not show any sign of hollow heart or brown
center in treated or untreated plots (Table 6). If tuber quality disorders have been a problem in a
particular area, Krantz would be a good cultivar to grow.

Ruther studies are plaimed with Reddale to determine whether higher rates of boron and cultural
manipulation to reduce tuber size can be used to lower the incidence of intermal tuber quality disorders.

Table 1. Effect of gypsum and boron amendments on soil test B, Ca and S
(0-12") at harvest. (Averaged over cultivar).

Element

Treatwent Calcium Boron Sulfur

Ib/A 0 eeeeee-- PPm ---eeeee-
Check 1148 . 0.28 4.7
Boron 1182 0.41 5.3
Gypsum 1285 0.28 31.2
Boron + Gypsum 1363 0.44 60.4
Significance sk *k ek

s
-

BLSD (0.05) 115 0.07
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Tsble 2. Effect of gypsum and boron on yield of Reddale, Russet Burbank and Krantz,

Treatment: Tuber Size Distribution
< 3 oz. 3-7 oz 7-12 0z. >12 0z total
Reddale ~  eemeeesescooceceseeeees e
Check 8.7 87.7 321.5 230.5 648.4
Boron 10.1 9.1 311.4 231.6 644.2
Gypsum 7.7 79.7 331.0 207.0 625.4
Boron + Gypsum 6.2 77.5 289.8 269.5 643.0
Russet Burbank
Check 13.1 350.1 200.3 19.1 582.6
Boron 11.8 286.9 272.1 23.8 59%.6
Gypsum 15.0 300.9 265.3 41.4 622.6
Boron + Gypsum 141 268.3 287.4 29.8 599.6
Krantz
Check 12.7 116.7 452.9 55.7 638.0
Boron Nn.4 109.1 417.7 62.8 601.0
Gypsun 9.9 9.9 389.5 53.5 $47.8
Boron + Gypsum 9.5 110.7 409.2 63.7 §93.1
Statistics
Cultivar
Reddale 8.2 84.0 KK R 234.6 640.2
Russet Burbank 13.5 301.5 256.3 28.6 599.9
Krantz 10.9 107.8 417.3 58.9 595.0
Significance *k ok *k ok *k
BLSD (0.05) 2.2 27.2 31.6 24.5 30.5
Nutrition
Check 11.5 184.8 324.9 101.8 623.0
Boron 1.1 182.4 333.7 106.1 613.3 -
Gypsum 10.9 158.5 328.6 100.6 598.6
Boron + Gypsum 9.9 152.1 328.8 121.1 611.9
Significance NS NS NS NS NS
BLSD (0.05) - -- -- -- --
Cultivar x Nutxrition
Significance NS NS NS NS NS

NS = not significant, * = significant at 5%, ** significant at 1%
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Table 3. Effects of gypsum and boron soil amendments on leaf tissue
concentrations of boren and calcim.

------------------------ Qultivar ----essecmaccccccccnans
Reddale Russet Burbank Krantz
------------------------ Flement -----c-cccecmmmmamnanaa.
Treatment Calciun _ Boron Galcium  Boron Calcium  Boron
---%---  -ppm- -=-%---  -ppm- ---$--- -ppm-
Check 1.01 31.7 0.91 23.3 1.35 41.2
Boron 1.19 42.3 0.85 27.0 1.38 47.9
Gypsum 1.05 4.2 0.91 23.7 1.32 4l1.4
Boron + Gypsum  1.10 39.1 0.86 27.4 1.35 45.5
Statistics Caleium Boron
EPYS T -ppm-
Qultivar
Reddale 1.09 36.8
Russet Burbark 0.88 25.3
Krantz 1.35 44,0
Significance wk ke
BLSD (0.05) 0.06 1.3
Nutrition
Check 1.09 21
Boron 1.14 39.1
Gypsum 1.09 33.1
Boron + Gypsum 1.10 37.3
Significance NS ok
ELSD - 1.6
Qultivar x Nutrition
Significance NS NS

NS = not significant, * = significant at 5%, ** = significant at 1%



193

Table 4. Effect of gypsum and boron soil amendments on incidence of
brown center and/or hollow heart - Reddale.

B A Jubo
Treatment
---------------- § incidence -----e-ccccccace-.

Check 0.0 12.5 65.0
Boron 0.0 6.8 58.5
Gypsum 0.0 2,5 65.0
Boron + Gypsum 1.0 1.3 42.5
Significance NS * NS
BLSD (0.05) -- 9.5 --

NS = not significant, * = significant at 5%, ** = significant at 1%.

Table 5. Effect of gypsum and boron soil amendments on incidence
of brown center and/or hollow heart - Russet Burbank.

Tuber Size Distrilution
7-12 oz. >12 oz.
Treatment
------------- % incidence -----------ee-
Check 6.0 19.0
Boren 12.1 12.0
Gypsum 9.0 7.0
Boron + Gypsum 11.0 10.8
Significance NS NS
BLSD (0.05) .- --

NS = rot significant, * = significant at 5%, ** = significant at 1%

Table 6. Effect of gypsum and boron soil amendments on incidence
of brown center and/or hollow heart - Krantz.

Tuber Size Distxibution
7-12 oz. > 12 oz.
Treatment

------------- % incidence -------cccav--
Check 0 0
Boron 0 0
Gypsun 0 0
Boron + Gypsum 0 0
Significance NS NS
BLSD .- --

NS = not significant, * = significant at 5%, ** significant at 1s.
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MONTTORING SPRING NITROGEN STATUS OF STRAWBERRIES
C. Rosen, J. Iuby, E. Hoover

The influence of various nitrogen fertilizer rates and application times on strawberry (‘Honeoye’) yield
and leaf/petiole nitrogen status was exsmined. The experiment was located at the Sand Plains Research
Station (Hubbard loamy sand) in Becker, MN. A matted row system was used with 3 ft. between row centers.
Yield data ard tissue samples were taken during the spring of the third fruiting season. The treatments
were as follows:

Treatwent Renovation Fall Spring

Nurber: 1986 1986 1987

N BN =

L8885 S
88o0coco

BRoB8Bo

Nitrogen, as ammonium nitrate, was topdressed and irrigated in after each application. Recently matured
leaves (leaflets and petioles) were collected during initial flowering (5/13/87), fruit maturation
(5/28/87), initial harvest (6/11/87), and final harvest (6/24/87). Samples were dried and ground to pass
through a 30 mesh screen. Total Kjeldshl N was detenmined following digestion in HpSO;. Petiole samples
from recently matured leaves were also collected at the same dates indicated sbove. The samples were
placed in a plastic bag and kept in a cooler for subsequent nitrate amalysis. Sap from 6 petioles was
expressed into a small plastic container using needle nose pliers. M Quant (EM Sciernce Cherry Hill, NJ)
nitrate strips were dipped into the sap mixture. After two minutes, color was subjectively evaluated
using a chart vwhich related color to ppm nitrate.

RESULTS

Strawberry maturity was initially delayed by spring applications of N (Table 1). Total yields were not
significantly affected by N treatments. However, except for treatment 5, supplamental nitrogen (either in
fall and/or spring) after renovation tended to increase ylelds. Spring nitrogen did not increase the
amunt of rotten berries (data not presented). It should be noted that this was a relatively dry spring.
Except for treatment 5, berry size increased with spring N treatments (Tible 2). The reason for anomalous
behavior of treatment 5 is not presently known. Nitrogen treatment did not affect % soluble solids in
ripe berries (data mot presented). Concentrations of total N in straberry leaves decreased as the seasn
progressed and was related to nitrogen treatment (Teble 3). Petiole nitwates also decreased as the seasn
progressed (Teble 4). E M Quant nitrate strips were easy to use and appeared to a sensitive indicator of
strawberry plant N status.

Table 1. Influence of nitrogen fertilizer treatments on maretsble straberry yleld.

o
'8
o
~3
)

Nitrogen Treatment Harvest Date

Ren, Fall Spcing 68 611 645 6/18 6/2% Total

------ 1b N/A -----  =ccccccmceceee 1000 1b/A <ovomnmmenee-
1. 50 0 0 21 28 36 3.4 46 165
2. 50 0 25 19 21 41 41 56 17.8
3. 50 0 50 09 22 44 47 73 19.6
4, 50 50 0 24 29 46 43 55 19.7
5. 50 50 25 14 23 39 26 54 15.7
6. 0 30 X 15 26 42 41 6.0 184

.08 34

by
Sv
5"1
~
o
[«
©3
oo
w
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Table 2. Influence of mitrogen fertilizer treatments on berry size.

Nitrogen Treatment Harvest Date
Weighted
Ren. Fall Spring 6/8 6/11 615 648 624 Avg
------ 1b N/A -e-ce  cccccccmcancnas g/beYYY --cmcmcmcnaaa-
1. 50 0 0 151 13.8 100 6.9 6.7 9.9
2. 50 0 25 4.7 19 1.5 81 6.9 10.2
3. 50 0 S0 150 160 12,1 8.4 7.7 101
4, 50 SO 0 159 134 103 7.6 6.3 9.9
5. 50 50 5 WS 1 9.7 65 71 95
6. 50 30 LS 154 107 86 7.9 105
Pr>F 059 0.01 0.03 0.00 0.09 0.08
IsD (0.10) - 11 13 10 09 05

Teble 3. Influence of nitrogen fertilizer on total N in strawberry leaves.

Nitrogen Treatment Sempling Date

Ren, Fall Spring May 13 May 28 Jupe 11 June 24
------- 1b N/A ----- et ey 3 | [ ———

1. 50 0 0 2.60 1.78 1.65 1.44
2, 50 0 25 3.10 2,32 1.97 1.56
3. 50 0 50 3.08 2.45 2.14 1.67
4. 50 50 0 2.53 2.07 1.81 1.50
5. 50 S0 25 3.08 2.40 1.93 1.55
6. 50 50 50 .02 23] 2,08 1.69
r>F 0.01 0.01 0.01 0.01

LSD (0.05) 0.31 0.28 0.22 0.10

Table 4. Influence of nitrogen fertilizer on nitrate in strawberry petioles.

Nitrogen Treatment Sanpling Date
Ren, Fall Spring May 13 May 28 June 11 Jupe 24
------- 1b N/A ----- NO3 ----eomcommnn-
1. 50 0 0 320 10 137 20
2. 50 0 25 1000+ 800 635 452
3. 50 0 50 1000+ 900 900 700
4, 50 50 0 700 400 270 174
5. 50 50 25 1000+ 850 825 656
6. 50 50 50 1000+ 850 930 850
Pr>F 0.01 0.01 0.01 0.01
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PRELIMINARY EVAILUATION OF CARBOSAN SEQUESTERED CQOPPER. AND MANGANESE
AS MICRONUIRIENT SOURCES FOR RADISH PRODUCTION ON CRGANIC SOILS

C.J. Rosen aad H.J. Buchite

Soil or foliar application of microrutrients for vegetable crop production on organic soils is a cultural
practice frequently used by growers. Organic soils tend to be irherently low in certain microrutrients
and can form organic complexes that may reduce micronutrient availability to plants. The primary
microrutrients involved are copper and manganese. Radish is a crop commonly grown on organic soils and -
also has a relatively high demand for copper and manganese. Low levels of these nutrients in radish
leaves are frequently observed when the crop is grown on organic soils with a pH of 5.8 or greater.
Polysaccharide compounds of varying chain lengths are commonly used in the animal industry to sequester
microrutrients thereby increasing availebility of the sequestered mutrient. Little research has been
conducted to evaluate these compounds as sources of micromutrients for improving agronomic or horti-
cultural crop production. The objective of the following experiments was to compare the effects of
polysaccharide sequestered (Carbosan) copper and manganese with sulfate sources ard camrercially availsble
chelate sources of these microrutrients on radish production. The primary reason for selecting radish is
because of its high demand for these mutrients, relatively fast growth cycle and significant econamic
value in Mimmesota.

Experimental Procedures:

Three experiments, one in the greevhouse and two in the field were conducted to evaluate the various
copper and manganese tyeatments on radish growth and mutrition.

Experiment I - Greethouse Fyperiment, A Rifle Muck Organic soil (0-6") from the experimental field in
Andover, MN was collected and thoroughly mixed in the greerhouse. The mixed soil had the following
chemical properties: pH (water) 6.0; P (Bray 1), 200+ 1b/A; K (H;0Ac) 370 1b/A; Mn (DIPA) 8.9 ppm; Cu
(DTPA) 1.0 ppm. Nitrogen as amonium nitrate was incorporated at the rate of 0.03 gram/1.0 1b soil
(approximately 40 1b N/A). Three sources of copper and manganese were evaluated: 1) Carbosan Cu chelate
(10.0% Cu) and Mn chelate (10.8% Mn) marufactiwred by Quali Tech, Inc. 2) Frit copper chelate (EDTA and
Citric acid - 5% Cu) manufactured by Frit Industries Inc. and THIS Mn chelate (5% Mn) marufactured by
Stoller Chemical Co. Inc. 3) Mn sulfate (32% Mn) and Cu sulfate (25% Qu).

Four radish seeds (cv. 'Fuego’) were planted in plastic pots containing 2.5 lbs of the organic soil (60 %
moisture). There were 21 treatments which included:

1) check, unsprayed

2) water sprayed

3) water + Tween 80 (0.05 ml/L)

4) Qu Carbosan - foliar 0.3 1b Cu/A

5) Cu Chelate - foliar 0.3 1b Cu/A

6) Cu Sulfate - foliar 0.3 1b Cuw/A

7) Mn Carbosan - foliar 0.3 1b Mn/A

8) Mn Chelate - foliar 0.3 1b Mn/A

9) Mn Sulfate - foliar 0.3 1b Mn/A

10) Cu + Mn Carbosan - foliar 0.3 1b Cuw/A + 0.3 1b Mn/A
11) Cu + Mn Chelate - foliar 0.3 1b Guw/A + 0.3 1b Mn/A
12) Cu + Mn Sulfate - foliar 0.3 1b Cu/A + 0.3 1b Mn/A
13) Cu Carbosan - soil 6.0 1b Cu/A

14) Cu Chelate - soil 6.0 1b Cu/A

15) Cu Sulfate - soil 6.0 1b Cu/A
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16) Mn Carbosan - soil 12.0 1b Mn/A
17) Mn Chelate - soil 12.0 1b Mn/A
18) Mn Sulfate - soil 12.0 1b Mn/A
19) Cu + Mn Carbosan - soil 6.0 1b Cu/A + 12.0 1b Mn/A
20) Cu + Mn Chelate - soil 6.0 1b Cu/A + 12.0 1b Mn/A
21) Cu + Mn Sulfate - soil 6.0 1b Cu/A + 12.0 1b Mn/A

Soil treatments were mixed in thoroughly prior to planting. All follar treatments were applied with Tween
80, a surfactant, at the rate of 0.05 ml/L. Foliar fertilizer treatnents at the rates irdicated shove were
applied at 12, 18 and 21 days after emergence with a hand held sprayer calibrated to deliver the required
amount. A randomized complete block design was used with 4 replications. Pots were watered as required.
Plants were harvested 23 days after emergence. Fresh and dry weight of roots and leaves were recorded.
Roots less than 1/4 inch in diameter were considered as normarketable. Burn damage due to foliar spray
was qualitatively scored. Soils samples were collected from the soil applied treatments and extracted
with DTPA for subsequent Cu and Mn determination.

Experiment II - Field Fxperiment, The experimental site was located at Andover, MV on a Rifle Mk soil.
Soil chemical properties are the same as those listed above. The field was planted in radish the previous
year and radish was the previous crop in the current season. Fertilizer was broadcast and incorporated
prior to planting the first radish crop at the rate of 55 1b N/A, 150 1b Ko0/A and 25 1b S/A. The second
radish crop was planted June 22 in 6 row beds with 10" between rows and 2 feet between beds at a
population of 426,000 seeds/A. Only foliar fertdlizer treatments were applied in the field experiment
(treatments 1-12). Because copper treatments severely bumed foliage in the greerhouse experiment, half
the rate (0.15 1b Cu/A) was used in the field experiment. Manganese rates were the same as in the
greerhouse experiment. Treatments were applied 7, 16,and 19 days after emergence with a backpack 00y
sprayer at 20 psi with 100 gal water/A. Each plot consisted of a bed 20 ft in length. A randomized
complete block design with four replications was used. Two 4 ft rows from the center of each bed were
harvested 24 days after emergence (July 9). Fresh weight of roots ard leaves was recarded. Nonmarketsble
plants (roots less than 1/4 inch in diameter) were discarded before weighing. Subsamples of roots and
leaves were weighed, rinsed twice in deionized water, dried, reweighed and ground for subsequent nutrient
determinations. For each plot, the most recently matured leaf from 10 plants was evaluated for color
using Pantone color paper as a reference. Burn damage due spray applications was subjectively evaluated
for each treatment.

Experiment TIT - Field Experiment, A third study was conducted at the same site 11 days after the harvest
of experiment II. Fertilizer was applied at planting at the rate of 55 lb N/A, 150 1b Ky0/A and 25 1b
S/A. Foliar treatments were the same as in experiment II except that only foliar applications of
Carbosan and conventional chelates were evaluated and the rate of copper application was dropped to 0.1 1b
Cu/A. Treatments were applied 7, 12, 16, 19, and 21 days after emergence. On August 14, 23 days after
emergence, radishes were harvested following the same procedures as in experiment II.

Results and Discussion

Experiment I, Fresh and dry weight ylelds of radish roots and leaves were significantly lower with foliar
applications of all copper sources (Table 1). Lower ylelds generally corresponded to increased foliar
damage due to copper sprays and poor root development. Damage to leaves and negative effects on yields
tended to be ameliorated when manganese was applied with the copper. Soil-applied copper and manganese
and foliar-applied mangmmese did rnot affect yields or % usable roots. Soil applications of copper and
mangarese increased DIPA extractsble levels of these nutrients (Table 2). Manganese sulfate was not as
effective as the chelated sources in increasing extractable mangarese. All souwces of copper appear to be
equal in supplying copper. Extractions were made less than 4 weeks after application. Longer temm
studies are needed to determine vhether differences in fixation occur over time.
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Experiment II, Radish yields were mot significantly affected by any of the copper or mergaese treatnerts
(Teble 3). Despite the fact that half the rate of copper was wsed conpared to that of erperimert I, spray
damage was still evident. The amelioration of spray damage with manganese cbserved in Experiment I was
ot evident in experiment II. Leaf color was examined because of the importance of having green leaves
for the green top market. There were no differences in leaf color due to treatment. Foliar applications
of copper increased concentrations and content of copper in both leaves and roots (Tables 4 and 5).
Copper apparently was translocated from the leaves to the roots. In contrast, leaf manganese
concentrations increased with manganese applications but, there did not appear to be significant
translocation to the roots. The sulfate source of manganese was not as effective as the chelate sources
in increasing leaf manganese levels.

Experiment IIT, Although there was no significant effect of copper or manganese on radish yields (Table
6), there was a trend for yields to be greater when manganese was applied. As in Experiment II, spray
damage was evident from copper sprays. leaf color was mot affected by either copper or manganese
treatments. Foliar applications of copper and manganese increased concentrations and content of these
nutrients in both leaves and roots (Tables 7 and 8). Unlike experiment II, both copper ad magaese were
translocated to the roots. The main reason for this difference is probably due to the additional sprays
- 5 In experiment IIT and only tiwee in experiment II.

The results of these experiments suggest that the Carbosan micronutrient sources were as effective as the
commercial chelate sources in increasing tissue levels of copper and manganese. In order to avoid foliar
spray damage, rates of copper application should not exceed 0.1 1b Cu/A per application. It is probable
that either source could be used to supply copper and manganese if a deficiency exists.

NMutrient Composition and Uptake Experiments IT and JIT, Average mutrient concentrations in radish leaves
and roots from Expts. II and III are presented in Tsble 9. Magaese and copper vales are tden from the
check plots only. From these values and percent moisture determinations, rutrient uptake by the radish
crop was calculated (Tables 10 and 11). Of all the rutrients, potassium uptake was greatest followed by
nitrogen. Most of the potassium accumilated in the roots while nitrogen accumilated in the leaves. As
expected, higher ylelds resulted in greater rutrient uptake. Although mutrient uptake appears to be
relatively low for a single crop, these values should be multiplied by the number of crops (3-5) grown
during the season to obtain total nutrient removal.
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Table 1. Effects of Cu and Mn soil and foliar applications on radish yields and leaf
damage. Greenhouse study. Expt. I.

Yield Yield Usesble  Spray

Treatment Roots leaves Roots Leaves  Roots  Damage
--gfw- - --gdw- - --§--
1. Control 320 19.8 193 1.8 87.5 1.0
2. Water spray 335 211 197 1.% 87.5 1.0
3. Water + Tween 80 321 2.0 191 1% 95.0 1.0
4. Ou - Carbosan, foliar 199 18.9 1.25 1.8 62.5 21
5. Qu - Chelate, foliar 15.0 16.3 0.92 1.6 50.0 3.0
6. Cu - Sulfate, foliar 6.4 2.5 1.00 2.10 75.0 3.0
7. Mn - Carbosan, foliar 5.8 211 2,10 2.00 95.0 1.1
8. Mn - Chelate, foliar 306 224 1.73 2.04 87.5 1.0
9. MN - Sulfate, foliar 5.8 21.3 2.07 2.00 87.5 1.0
10. Gu + Mn - Carbosan, foliar 20.1 19.2 1.2 1.88 75.0 1.2
11. Cu + Mn - Chelate, foliar 25.1 18.3 1.52 1.87 75.0 1.2
12. Cu+ Mn - Sulfate, foliar 26.2 21.8 1,55 2.10 82.5 2.3
13. COu - Carbosan, soil 25.6 19.8 1.59 1.8 70.0 1.0
14. Ou - Chelate, soil 31.6 20.8 1.8 1.87 87.5 1.0
15. Cu - Sulfate, soil 36.2 20.2 2.14 1.89 95.0 1.2
16. Mn - Carbosan, soil 322 211 1.98 1.97 87.5 1.0
17. Mn - Chelate, soil 30.9 19.9 1.87 1.9 100.0 1.0
18, Mn - Sulfate, soil 3.2 191 205 1.8 87.5 1.0
19. Cu+Mn - Carbosan, soil 31.4 18.6 19 171 95.0 1.0
20. Cu + Mn - Chelate, soil 35.0 22,1 210 2.01 87.5 1.0
21, Cu + Mn - Sulfate, soil 29.0 19.8 1.81 1.8 87.5 1.0
Significance *k *% *k *k * ok
BLSD (0.05) 10.4 3.5 0.63 0.2 47.5 0.3

1'Sp):aydau:nage:sc:ore: l=no damage 2 = slight damage 3 = severe damage

Table 2. DIPA extractable copper and manganese soil levels after
radish harvest. Greerhouse study - BExpt. I.

Treatwents Mo Qu
-------- m— me----
1. Control 20.1 2.3
3. Water + Tween 80 20.7 2.4
13. Cu Carbosan 19.4 47.7
14. Cu Chelate 20.4 33.0
15. Cu Sulfate 21.2 4.0
16. Mn Carbosan 49.0 2.5
17. Mn Chelate 63.5 2.5
18. Mn Sulfate 38.3 2.6
19. Cu + Mn Carbosan 57.9 45.0
20. Cu + Mn Chelate 49.5 25.2
21. Cu + Mn Sulfate 37.5 66.4
Significance ok *k
BLSD (0.05) 16.0 26.0
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Table 3. Effect of Cu and Mn foliar applications on radish yield, leaf color and burm damage.

Expt. II.
Treatment Roots leaves Total Spray Damage™ Mlqu
--------- 10001b/A--=c=emvx
1. Contxol 7.06 3.65 10.71 1.4 6.4
2. Vater 7.12 .n 10.83 1.0 6.5
3. Vater tween 6.68 3.% 10.22 1.0 6.9
4. Cu Carbosan 6.26 3.58 9.83 2.8 6.3
5. Cu (helate 6.52 3.78 10.30 2.8 6.5
6. Cu Sulfate 5.55 3.17 8.72 2.9 6.7
7. Mn Carbosan 5.73 3.2 8.75 1.0 6.8
8. Mn Chelate 6.39 3.31 9.70 1.3 6.6
9. Mn Sulfate 6.24 3.5 9.7 1.0 6.3
10. Cu + Mn Carbosan 5.73 3.08 8.81 2.8 6.8
11. CQu + Mn Chelate 6.27 .27 9.54 2.1 6.3
12. Cu+ Mn Sulfate 5.88 3.48 9.37 3.0 6.9
Significance NS NS NS *k NS
BLSD (0.05) - - - 0.5 -

;Spraydamagescore: 1 = no damsge 2 = slight damage 3 = severe damage
Leaf color score: 1 = yellow 9 - dark green

Table 4. Effect of (Cu and Mn) foliar applications on Cu and Mn concentrations in radish
roots and leaves., Expt. II.

Cu Mn

Treatment: Roots leaves Roots leaves

------------------------ wn-----—--------------------
1. Control 1.3 3 6.1 23
2. Water 1.3 3 6.3 27
3. Water + Tween 80 1.3 3 6.1 24
4. CQu Carbosan 2.7 34 5.9 25
5. Qu Chelate 2.5 34 5.7 24
6. Cu Sulfate 3.1 44 6.3 25
7. Mn Carbosan 1.2 5 6.6 208
8. Mn Chelate 1.1 3 6.5 214
9. Mn Sulfate 1.2 3 6.3 36
10. Cu + Mn Carbosan 2.7 36 6.9 215
11. Cu + Mn Chelate 2.6 30 6.9 209
12. CGu + Mn Sulfate 2.9 47 6.0 35
Significance *k ok (0.09) Wk
BLSD (0.05) 0.4 8 1.0 27
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Table 5. Effect of Cu and Mn foliar application on content of Cu and Mn in radish roots
and leaves, Expt. II.

G Mn

Treatment Roots Lleaves Roots Leaves

-------------------------- OZ/A--cccccccaccccnccancn.
1. Control 0.007 0.010 0.033 0.079
2. Water 0.007 0.011 0.034 0.097
3. Water + Tween 80 0.007 0.010 0.032 0.078
4. Cu Carbosan 0.013 0.109 0.028 0.079
5. Cu Chelate 0.013 0.120 0.029 0.082
6. Cu Sulfate 0.014 0.133 0.027 0.076
7. Mn Carbosan 0.006 0.014 0.030 0.5%
8. Mn Chelate 0.005 0.008 0.032 0.650
9. Mn Sulfate 0.006 0.010 0.031 0.118
10. Cu + Mn Carbosan 0.012 0.109 0.031 0.649
11. Cu + Mn Chelate 0.013 0.088 0.035 0.607
12. Cu + Mn Sulfate 0.013 0.159 0.029 0.118
Significance Yok %ok NS ok
BLSD (0.05) 0.003 0.035 - 0.119

Table 6. Effect of Cu and Mn foliar epplicaticn on radish yields, leaf color and spray

damage. Expt. III.
1. 2
Treatment Roots Leaves Total Spray Dsmage Leaf Color’
------- 1000 1b fi/A-------

1. Control 6.64 5.10 11.74 1.0 4.5
2. Water + Tween 7.21 5.24 12.45 1.0 4.8
3. Cu Carbosan 6.59 4.99 11.58 1.7 3.8
4. Cu Chelate 6.03 4,49 10.52 1.7 4.9
S. Mn Carbosan 8.08 5.88 13.96 1.0 4.5
6. Mn Chelate 7.75 5.51 13.26 1.0 4.1
7. Ou+ Mn Carbosan 7.95 5.48 13.43 2.0 3.8
8. Ou+ Mn Chelate 7.48 5.92 13.41 2.0 4.3
Significance N NS NS ok NS
BLSD (0.05) - - - 0.7 -

Spray Damage Score: 1 = ro damage, 2 = slight dsmage, 3 = severe damage
Leaf Color Score: 1 = yellow, 9 = green



Table 7. Effect of Ou and Mn foliar applications on Cu and Mn concentrations in radish
roots and leaves. Expt. III.

Treatment Roots Leaves Roots Leaves
------------------------- pm [ ——
1. Control 2.2 4 7.6 32
2. Control + Tween 2.3 4 8.3 35
3. Cu Carbosan 3.0 40 8.7 Kk}
4.  Cu (helate 3.0 78 7.0 32
5. Mn Carbosan 1.3 4 10.3 308
6. Mn Chelate 1.3 4 11.3 332
7. Cu + Mn Carbosan 2.3 37 11.0 313
8. Cu - Mn (helate 2.6 44 10.3 275
Significance NS *k * *k
BLSD (0.05) - 9 2.8 60

Table 8. Effect of Cu and Mn foliar application of on content of Cu and Mn in radish
roots ard leaves. Expt. III.

Treatment Roots leaves Roots Leaves
------------------------- 0Z/A-----ecenramcnncccnacaann

1. Control 0.009 0.014 0.031 0.120
2. Contxol + Tween 0.010 0.015 0.037 0.138
3. Cu Carbosan 0.012 0.149 0.033 0.119
4, Cu Chelate 0.013 0.251 0.029 0.102
5. Mn Carbosan 0.007 0.017 0.057 1.211
6. Mn Chelate 0.006 0.017 0.058 1.370
7. CGu+ Mn Carbosan 0.012 0.137 0.061 1.169
8. Cu+ Mn Chelate 0.014 0.189 0.053 1.175
Significance - *k * &
BLSD NS 0.056 0.019 0.33
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Table 9. Nutrient concentrations in radish roots and leaves at harvest.
Expt. IT and ITI.

Plant Part Experiment Nutrient
N P K C Mg Fe Mn Zn Cu B
.............. Frrmemcmccccaa e e ¢ L SELELEE T
Leaves II 4,98 0,39 4.36 3.71 0,38 188 25 33 3.0 2
Roots 2,55 0.36 6.43 052 019 39 6 29 1.3 22
Leaves II1 5.17 0.37 4.87 3.36 0.31 256 33 36 3.8 24
Roots 3.04 0.43 6.97 052 0.20 44 8 30 2.2 26

Teble 10. Total mutxient removal by a radish crop - 63 cwt/A - Expt II.

Plant Part Nutrient
N P K C Mg Fe Mi Zn1 G B
-------------- Ib/A-esnmcncnnen- ceecnacncancOZfAcccacmnanann
Leaves 9.9 0.8 8.7 7.4 0.8 0.6 0.08 0.10 0.010 0.08
Roots 7.8 11 195 1.6 0.6 0.2 0.03 014 0,007 0.12

Total 17.7 19 28.2 9.0 14 0.8 011 0.24 0.017 0.20

Table 11. Total mutrient removal by a radish crop - 73 cwt/A - Expt III.
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ORN - TILAGE RESIDUE MANAGEMENT, LANCASTER, 1987
J.B. Swan, A.E. Peterson, W.H. Paulson R. Higgs, and D. Linden

The driftless soils area has the greatest county average estimated soil losses fram cropland in Minnesota,
ranging from 4.0 to 6.6 t/ac/yr In the six counties involved. Typical soils of the region such as
Fayette-Dubuque, Seaton, and associated soils, are highly erodible, form dense crusts if unprotected from
raindrop impact, and consequently, have low final infiltration rates and high numoff from the intense
stomm events common to the region. New and improved tillage practices are increasingly being relied upon
to meet envirormental goals under more intense cropping systems. These systems modify the sofl and water
losses as well as the kind and concentration of materials in the nuoff. A mre coplete uderstanding of
these tillage systems will allow a more accurate prediction of their effect on the environment and will
permit them to be more effectively incorporated into the overall fanming systems of the region,

Experimental Procedures

The experimental site is located on the Lancaster Experimental Farm. Four tillage treatments are
replicated four times (Table 1), the first replicate is located on Palsgrove silt loam; the other three
replicates are located on Rozetta silt losm. Each treatment is split into nommal and mulched
subtreatments. On the mo-till (slot plant) plots an additional subtreatment (bare) is established by
removing all residue prior to planting; this residue is then placed on the adjacent no-till mulched plot.
Corn residue additions are made after tillage but before planting to dbtain spprowdimately 60 to 80 percent
surface cover. Plots are approximately 90 to 100 feet in width and 80 feet in length. Row width was 36
inches in 1987. Pioneer 3747 was planted April 30, 1987 at 30,000 plants/acre. The conventicnal
(Moldboard) treatment was plowed sbout April 23 and secondary tillage with a disk was doe April 29 on the
conventicnal and chisel treatments. The Ro-till unit replaced the parsplow treatmert, No-till plots were
planted with a 4-row Jolm Deere 7000 Max-BEmerge planter equipped with fluted coulters on one side and
"trash whip" units on the other side which removed reside from an 8 to 9 ich area over the row. Fluted,
coulters were used on all four rows on the conventional, chisel, and Ro-till treatments.

Nitrogen (250 1b N/acre as urea) was applied in April prior to planting. Starter fertilizer at planting
was 200 lb/acre of 6-24-24, The insecticide was Furadan at 10 1lb/acre. Pre-emergence herbicide was
applied on April 30 (1.5 1b/A of Aatrex 4L and 1 qt/A of Dual 8E). Banvel was applied postemergence at 1
pint/A.

Percent cover was determined from slides taken May 13. Planting depth, rate of emergence, and silking
date measurements were made on deisgnated portions of each plot. Hourly spring soil temperatures, leaf
nber, soil moisture, bulk density, and percent cover were measured on chisel, mo-till, and Ro-till
treatiments in Rep 3 for mulch added, bare, and mormal treatments. Soil tenperature was measured at depths
of 1, 5, 10, 15 and 50 am. Yields for individual plots were determined by hand harvesting 60 foot of row
(two subsanples each consisting of paired 15 ft. lengths of row) in October.

Ten plot frames (45 3/4 x 45 3/4 inches) were emplaced May 1 after planting before the surface was
weathered by rainfall. Infiltration measurements were made on Ro-till mulch, mo-till bare and milch, and
conventional nonmal and mulch treatments during the period May 11 to 14. Paired tersiometer measurements
were made at three depths within the plot frame during the infiltration event.

ts - Corn vields

Precipitation amounts and distribution were very favorable at Lancaster in 1987 and corn yields ranged
from 164 to 177 bu/A (tsbles 1 and 2). Corn yields of individual tillage, residue, and in-row residue
management treatments were rot significantly different at the 5 or 10 percent level of significance.
Average comn ylelds of the four replicates were also mot significantly different, ranging only from 168
bu/A in rep. one to 171 bu/A in rep. three (tzble 3). As in 1981 and 1982 soil depth was not related to
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com grain yield; however, yield increased with depth in each of the four intervening years. Thus the

effect of rooting depth and available water holding capacity in the root zoe on ylelds depends greatly en
climatic conditions in the individual year as well as on the crop grown.

Seedbed Conditions and Corn Growth

For the 12 treatments, the average planting depth and average standard deviation of planting depth were
statistically different at the 0.01 and 0.025 lewvel of significance, respectively. The planting depths of
the coulter and trash whip no-till treatments were mot significnalty different. The standard deviations
of planting depth were significantly less at the 10% level for the trash-whip treatment compared to the
coulter treatment. The standard deviations of planting depth increased with in row oover accardirg to the
relationship:

Eq1l: Standard Deviation = 5.9 mm + 0.05 (% cover) ; RZ = 0.78

On the chisel, Ro-till and conventional mulch treatments the heavy mulch and loose seedbed frequently
prevented the coulter from cutting through the residue and planting depths were 4 to 12 mm deeper on
normal than on milch treatments. In some cases, the residue was pushed into the loose soil by the coulter
making it difficult for the disc opener on the planter unit to peretrate the residue. For no-till,
average planting depth for coulter and trash whip units differed by less than 1 mm for bare and normal
residue treatments. However, for the no-till mulch treatment average planting depth for the trash whip
units was approximately 7 mm deeper than the coulter. The trash vhip units were adjusted for no-till
conditions and consequently ran excessively deep in the looser soil conditions on the moldboard and chisel
treatments.

In-row residue cover was reduced about 20 to 30 percent by the trash whip attachment (TW) compared to the
in-row cover resulting from the coulter unit (C) (table 1). The regression equation

Eq 2: % cover W= -4.2 + 0.61 (% cover C)
explained 80% of the variation in % cover of the TW treatments for the combined 1984, 1985, 1986,and 1987
data. The effect of increasing in-row residue cover (by mulch additions) was to increase the number of
day required to reach 75% emergence (table 4) and to delay the date of silking étable 1):

Eq 3: Days to 75% Emergence = 15.7 + 0.058 (% in-row cover); R“ = 0.67
Percent in-row cover was less closely related to grain moisture in 1986 and 1987 than in 1985:

For 1985 Eq 4: % Grain Moisture = 20.5 + 1.97 x 10:3 (3 in-row cover); RZ = 0.87
For 1986 Eq 5: % Grain Moisture = 19.1 + 0.69 x 10_2 (% in-row cover); R = 0.47
For 1987 Eq 6: % Grain Moisture = 17.1 + 1.24 x 10 (% in-row cover); R2 = 0.49
Percent in-row cover was closely related to air growing degree days to 6-leaf in 1984, 1985, 1986 and 1987

(measured on rep 3):

For 1987 Eq 7: Air GDD (planting to 6 leaf) = 278 + 0.52 (% in-row cover); RZ = 0.79
For 1986 Eq 8: Air GDD (planting to 6 leaf) = 296 + 0.54 (% in-row cover); RZ = 0.8
For 1985 Eq 9: Air D (planting to 6 leaf) = 273 + 0.47 (% in-row cover); R% = 0.91
For 198 Eq 10: Air GDD (planting to 6 leaf) = 285 + 0.53 (% in-row cover); RZ = 0.96

On the no-tillage treatment, grain yields and populations were not significnatly different between trash
whip and coulter treatments. Grain moisture was significantly increased (0.1% level of significance) by
surface residue cover as was the case for when all treatments were analyzed together (Eq. 6).

The effect of in-row residue cover and tillage on soil temperature and com growth was evaluated at
Lancaster in 1983, 1984, 1985, 1986, and 1987. Hourly soil temperatures were recorded for 1, 5, 10, 15,
50, and 100 cm depths under the row on chisel normal and mulch, no-till bare and mulch, and paraplow
nommal and milch treatments in 1984, 1985, and 1986. In 1987 the Ro-till treatment replaced the paraplow
treatment. Soil tamperatures were measured using 4-couples in parallel for 15 cm and shallower depths.
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Leaf stage measurements were taken periodically. Eq. 7 was developed using station air temperatures and
leaf stage observations; the results in 1987 agree with previous station air temperatures and leaf stage
observations (Eq. 8, 9 & 10).

Increasing the absorption of solar radiation by painting the soil surface black incveased sofl temperatire
and early corn growth. Adjacent strips 15 feet long and 1 foot wide (centered over the row) were painted
on May 11 or 73.6 air G0 (°C) after planting. Black paint reduced the air GID to 6-leaf by 3 and 6 GDD
on the no-till bare and chisel nommal treatments and by 10 GDD on the no-till mulch and chisel mulch
treatments. A leaf number represents slightly over 30 GDD so the increase in leaf number ranged from 0.1

to 0.3 leaf nmber. In 1986 increases up to 0.5 leaf rumber were measured on the black painted
treatments.

Large differences in "final® (50 to 60 mimute average) infiltration rates were -measured between tveatmerts
(tebles 5 and 6). Final infiltration rates from corventional tillage mulch treatments equalled or
exceeded the camparable normal cornventional tillage treatment. large differences in infiltration and
matric potential were measured on both the no-till bare and mulch cover treatments. On the conventional
malch treatments, positive matric potential measured at the 8 and 18 cm depths indicate the presence of a
flow restricting layer below the plow layer (teble 7). The Ro-till treatment with milch had final
infiltrations rates equal to or greater than the no-till treatment and to the corventional nommal
treatment but less than the conventional milch treatment.

Final infiltration rates for 1981-1987 are given in table 6. The ratio of (bare/nilch) infiltration rates
for corventional tillage was 0.24 which was below the 6 year average of 0.52. The ratio of no-till mulch
to conventional bare was 1.06 which is close to the long term average of 1.16.

The results again illustrate the requirement for rapid infiltratiom of 1) a porous surface layer with high
saturated conducitivity, 2) a protective milch cover, 3) absence of flow restricitng layers within the
depth of infiltration. Residue cover by itself is mot sufficient to produwce a high infiltration rate when
significant restirction to flow occurs within the infiltrating profile.

Summary

Five and eight year yield results with continous com at Lancaster show nearly equal ylelds
corventional tillage, ridge till, and chisel treatments (tsble 8). In both 1986 and 1987 no-till (s
plant) was the highest yielding treatment. Thus fammers in the driftless soil area can choose between
variety of tillage options which have yields comparsble to conventional tillage, but which are superior
soil and water conservation and offer savings in time, labor, and fuel compared to the conventional
moldboard plow tillage method.

5 p gg
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Table 1. Effect of tillage and milch treatments on percent cover, planting depth, emergence, silking
date, population and grain yield - 1987 Lancaster, WI.

In Row Cover Depth Post Plant Plants At Harvest Grain Grain
Treatnents Reside In- PBntire Awe S.D. To 75%% Silked Plats/Ac Yield Mistee

Tillage  Residue Mtg. Row Area - mm mm  Bumergence July Bu/Ac $
NoTill Nommal ) € 59 67 32,5 8.99 17.5 12.5 30,000 177.3 17.6
™ 38 58 33 5.08 17.0 29,280 170.3 17.3

Bare (0) C 15 12 36 5.8 16.0 12.0 28,660 164.7 16.9

™ 36 5.% 15.2 28,200 165.2 16.7

Midch (ZX) C 8 9 30.5 6.80 20.3 15.3 28,200 170.7 17.7

™ 53 72 37.03.91 19.8 29,160 173.4 17.8

Bush Hog Normal (N) C 14 40 3.5 6.15 16.5 12.8 29,220 172.2 16.9
Mildch (IX) C 41 7 27.5 8.44 21.0 14.8 28,680 165.0 18.2

Chisel Normal @) C 18 23 27 7.00 17.0 12.0 28,680 168.4 17.5
Mich (IX) € 8l 86 23 11.23 19.5 13.5 29,220 164.7 18.4

Corw. Normal ) C 2 3 36 6.18 16.0 12.0 28,070 168.2 17.5
Midch (IX) C 72 7 24 8.06 20.8 13.3 28,130 164.2 18.3
Significance Level 0.0l 0.025 NS NS 0.01

Table 2. 1987 Weather Sumary Lancaster, WI Experiment Station.

Alr Temperature
Precipitation Growing Degree Days
inches Avg. Avg. Avg Depart
Month Total  Departure 1987 Depart. Max Min
----- inches ----- L eaadi LE T L EE L L LT PP e R LR R e e

April 2.83 -0.33 -~ -- 62.2 39.0 51.0 +3.5
May 3.78 40.33 385 +85 72,6 48.7 60.9 +3.1
June 4.15 -0.40 602 +87 81.8 58.9 70.3 +3.2
July 6.71 +2.42 729 +69 85.3 63.3 74.4 +3.0
August 6.78 +2.16 561 -34 77.8 59.3 68.2 -0.7
Sept. 2.34 -1.12 360 +8 71.3 50.5 61.1 40.2

Total: 26.59 +3.07 2637 +215
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Teble 3. Average Yields and Depth to Clay Residum by Replicate and Monthly precipitation for 1981
through 1987, Lancaster, WI.

Replicate Number Monthly Precipitation

1 2 3 4 May June July August
Year = -ccceeeen.. Bu/Ac --c--e-cee eceeeedenoaes incheg «+s=ccccccaa-
1981  146.8 146.7 142.1 147.1 0.85  4.28 2.91 11.35
1982  150.0 143.4 142.8 147.3 546  3.45 5.29 4.06
1983 72.8 852 9.4 111.2 518  3.28 3.3%* 3.10%
198  107.3 110.4 118.0 120.1 3.92 7.77 2.57°%  1.37**
1985  118.5 121.1 129.6 130.6 4,95 1327 2™ 3.3
1986  159.5 162.4 168.6  164.8 3.90  5.47 1.85 3.65
1987 168.3 167.7 170.9 168.0 3.78 415 6.71 6.78
Avg.
Depth
to Clay 29 41 46 62
Residium
inches

1981 - Subplots with population < 17,000 omitted.
1982 - Missing values estimated for 8 plots out of a total or 48 plots.
1983 Subplots with population < 18,000 omitted Rep. II, III, IV.
**1983 1.13 inches precipitation from July 3 to Aug. 25 (53 days).
1984 - 1.52 inches precipitation from July 18 t Aug. 31 (45 days.
1985 - 1.59 inches precipiation from May 28 to July 25 (57 days).
Largest rain was 0.36 inches.

Table 4. Influence of tillage method and residue management on rate of emergence - 1987 Lancaster, WI.

Treatment Coulter Percent Emergence

or trash = ececcecmenaes Days Post Plant --------------

Tillage Residue vhip unit 12 14 16 19 2 24

No-Till Normal c 0 0 30 83 98 9

™ 0 0 52 93 100 100

Bare c 6 32 78 83 97 10

™ 8 45 95 9 100 100

Mulch c 0 0 0 9 91 95

™ 0 0 ) 36 9% 99

Bush Hog Normal C 12 27 70 88 98 100

Ro-Till Mulch C 0 0 yX) 45 76 95

Chisel Normal C 5 39 68 80 93 100

Mulch c 0 0 26 59 88 9

Conventional Normal c 20 42 77 85 92 95

Mulch c 1 5 19 45 78 9%

Air Growing Degree Days from planting ‘F 148.5 169.5 192.5 245.0 278.5 302
(including plant date April 30) ‘c 82.5 9%.2 106.9 136.1 154.7 167.8

All treatments reached 100% emerged by Day 28.
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Teble 5. 1987 Lancaster, WI Infiltration Rate Measurement.

Infiltration rate X min. after runoff commences - in/hr.

Water
Appli- applied
cation before

Tillage Residue Rep. rate runoff 2.5 7.5 12.5 17.5 22.5 27.5 32,5 37.5 42.5 47.5 52.5 57.5
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Table 6. Infiltration rate 55 minutes after runoff begins (paired observations).

1986 1987  Awg.

1985

1982 1983

1984
ceemeomccmeecccananecaao- inches/hour ---cec--omccmccmccccenaas

Treatment 1981

Tillage Residue

No Till

1.58+

29 a3

-

&

—

Bare

-

2
™~

—

[}

0.97
2.72

Corventional Bare
Mulch

meecmcecsemsasecececmcesmecceesceecece RALID s-eccccccececcesccmecsemmmcmmmmcemamec—mnn

0.65 0.36 0.58 0.65 0.81 0.24 0.52
0.35 2.16 1.15 1.06

0.72

0.36

Conv. Bare/Conv. Mulch

1.16+

6.53

No Till Mulch/Conv. Bare 1.51

¥ 501l disturbed prior to planting by arhydrous amonia injection.

> 1 observation only.

+ omit 1983
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Table 7. Relationship of infiltration rates (Avg. 40 to 60 min. after runoff starts) to matric potential

in 1987.
cm soil depth

Treatment 7.5 17.5 40 7.5 17.5 40
Tillage Residue  Rep. In/hr --cceoemccoocmcemaoa... om HoO ---eeeememmccmccoccnnaann.

No-Till  Bare E 0.40 -168  -173 -- -50 -110 -19

W 1.88 -4 -55 +12 -1 -1 H1

Milch E  1.52 -16 14 431 -27 225 1

W 1.28 -30 -5 -32 -2 -7 -15

Conven,  Nommal E 1.35 49 14 -30 -- +7 -64

W 1.16 +8 -8 +28 48 +8 -

Mulch E 4.96 +7 +12 45 48 a1 +

W 4.60* A -3 +11 +2 -10 +19

*40 to 50 min only

Table 8. 1979-1987 Contimous corn tillage yield results, Lancaster, WI.

Tillage Treatment 1979 1980 1981 1982 1983 198 1985 1986 1987 79-83  79-87
with normal residue ---ccccrecccccccccmcimciccccccrcccncann-n BU/A ccossccccccccinecncicniianrcnennacenona-

Ridge plant 162 157 157 W7 100 ee=  eem mem eee 15

No-Till (slot plant) 163 146 151 141 85 108 120 165 177 137 140

Chisel 160 150 167 15 95 115 125 159 168 145 1t
Conventional 169 159 168 151 89 121 133 164 168 147 145
Paraplow” cee eee eee mme aee 106 125 162 eem e
Ro-Till A . Y TR

*Fall 1983 and Fall 1984
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TILIAGE EFFECTS ON OORN PRODUCTION IN NORTH EASTERN MINNESOTA
J.F. Moncrief, J.J. Kuznda, and D.D. Breitbach

Plots have been established in Pine and Isanti counties to evaluate for different tillage systems at each
site. Tillage ranges from moldboard plowing to a "strict mo till" approach. Corn follows com at the
Pine county site and soybeans at the Isanti county site.

The Pine County data are shown in table 1 to 8. At this site com followed com on a well drained Qushing
loam soil. The Chisel, Moldboard, and spring disc treatments had similar yields. The no till system
resulted in a yield reduction of about an 18 bushel per acre. It does mot appear to be the result of
stand reduction. It is possible that there was competion for soil moisture by weeds (mutsedge).

ZINE QOINTY
Teble 1. Cultural practices at Pine County, MN. 1987.

Preceding Crop
No Till Corn
Disc-Plots were disced on May 4, 1987. ‘
Chisel-Plot were chisled on May 4, 1987. 1987 Crop
Moldboard-Plots were plowed on May 4, 1987 Land O Lakes 1093
All plots except No Till had Rotary tillage with a Lilly Roterra on Single cross hybrid
May 4 1987 to incorporated the hebicide applied prior to planting. (95 day)
Planting and Harvest Date
Planter used was a John Deere Maximerge with 2 inch fluted coulters and 36 inch rows.
—FPlanting
Crop Date _Rate Harvested
Corn May 4, 1987 26,700 plants/ac October 6, 1987
Fertilizer __Actual
Material N P05 K0
Crop Apalysis __Rate  --- lbs/ac -- Date Applied

Com 46-00_ 2501bsfac 115 0 O May 2, 1987
10-15-351 280 Ihs/ec 28 42 98  May &4, 1987
1. Planter applied 2" beside and 2" below seed.

Soil
The s0il at this site is a Cushing (Glossic Butroboralfs, fine-loamy, mixed) loam.

Herbicide Control
3 qt/ac (3.375 lbs/ac) Bicep was applied with a Lily roterra,
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Soil Test

Table 2. Initial soil test on proposed tillage plots

on soil test on April 7, 1987.

Tillage
No Til Disc Chisel Moldboard
Sig. of mean stdev mean stdev mean stdev mean stdev
Mutrient Tillage ----------------ccnc-- 1b/ac ----c-creccmmcccaeeon
NH,-N  (.050) 50 1.2 51 06 43 0.7 3.6 0.4
NO3-N  (.975) 35.9 5.8 32,5 11.9 32.8 153 33.4 10.6
N, #N03  (.954) 40.9 5.8 37.5 114 37.0 15.5 37.1 10.3
P (.193) 126.0 60.1 107.0 55.8 60.6 44.5 83.9 45.9
K (,711) 471 01159 411.4 41.8 463.6 72,3 4215 787

Table 3. The effect of tillage on soil cover by com residue on May 28, 1987, n=24.

Tillage
No Till Disc Chisel Moldboard
mean stdev mean stdev mean stdev mean stdev
Iocation Tillage --------------o--ovenee § ceemememmencmnme—am————
In Row (.000) 56.0 23.1 41.5 15.2 26.0 10,1 1.33 2.54

Between Row (,000) 77.5 189 586 159 348 107 3,66 7,07

Table 4. The effect of tillage on corn growth
stages, n=40.

Date
5/24) 1.69 .966 1.88 .782 2.00 .751 2.34 878
6/172 528 818 5.45 977 6.10 702 6.3% ,733
1. Significance of tillage was .007.
2. Significance of tillage was .000.

Table 5. The effect of tillage on corn
stand, n=16.

’l‘ﬂ'lg&

No Til) Disc Chisel  Moldboard

mean stdv mean stdv mean stdv mean stdv
Date plants/ac x1000
/241232 3.3 2.1 2.8 2.5 2.5 27.2 3.7
6172234 33 220 44 256 1.8 27.3 2.9
1. Significance of tillage was .000.

2. Significance of tillage was .000.

Tsble 6. The effect of tillage on the presence of weed species and density on May 28, 1987, n=32.

Tillage
No Till Dis¢ Chisel Moldboard

Sig. of mean stdv mean stdv mesn stdv pean stdv
Weed Iillage ---------c-omeesecee plants/ac x1000 ---------==-==-----
Pigweed (.059) 0.6 1.6 1.3 1.9 5.5 6.0 5.0 10.0
Foxtail (.059) 00 0.0 0.7 2.0 3.8 7.2 8.0 9.6
Crabgrasss (.187) 59 1.1 85 4.3 0.0 0.0 0.0 0.0
Nutsedge (.552) 72,9 116.2 24.7 45.0 63.9 83.7 39.7 41.8
Ragweed (.288) 1.2 2.2 29 3.7 69 7.1 1.1 1.4
Lanbsquarter (.099) 0.0 0.0 24 6.8 7.7 9.7 3.8 5.2
Smartweed  (.409) 0.0 0.0 2.4 6.8 0.0 0.0 0.0 0.0
Vol Corn (.330) 0.0 0.0 55 9.9 4.2 8.6 09 23
Quackgrass  (,026) 0,0 00 09 1.3 00 00 00 00
1. Due to unequal variances, a natural log transformation was used for analysis

of variance.
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Table 7. The effect of tillage on the presence of weed species
ard density on June 17,1987, n=32.

Crabgs (.400) 1.8 39 00 00 12,1 3%.2 0.0 0.0
Nutseg (.320) 117.1 163.7 37.9 64.3 35.8 42.4 47.2 79.5
Ragwed (.287) 0.3 0.8 1.2 3.4 49 100 0.3 0.7
Lanbgr (.343) 00 0.0 0.0 0.0 28 6.7 2.7 3.8
Smrowd (.025) 0.0 00 00 00 20 38 0.3 0.8
Volemm (.011) 0.1 0.3 159 159 11.8 13.8 5.2 9.4
Quacgr (,373) 28 59 2,1 33 58 98 39 7.3

1. Due to unequal variances, a natural log transformation was used
before analysis of variance.

Table 8. The effect of tillage on yields and grain moisture
at harvest, October 6, 1987, n=4.

Tillage
No Till Disc Chisel Moldboard
Sig. of mean stdev  mean stdev  mean stdev = mean stdev
Tillage --=-------cccccacacaeo- bu/ac --eeecmecccaccnnaanan
(.026) 141 6.6 158 5.8 166 7.0 155 14.1
------------------- % moisture ----veecccccocconnon-

26.7 .78 25 39 25 38 24.2 .73

Isanti County data is presented in tables 9 to 11. At this site corn followed soybeans on an Alstad fine
sandy loam soil that is somewhat poorly drained. The performance of the tillage systems evaluated at this
site were similar to the Pine county site. All were similar except the mo till treatment. The yield
reduction assocliated with this system was 11 bushels per acre. At this site differences in plant
populations account for the yield reduction associated with the no till system. The planter used at both
sites was equipped with 2" fluted coulters to cut through crop residue. It may be that the planter did
not have the weight to penetrate dry soil under mo till conditions at this site which resulted in the
stand loss. The point is, if stand differences are accounted for in the statistical analysis there is o
effect of tillage on yields. '

JSANTT OOXONTY

Table 9. Cultural practices at Isanti County, MN., 1987.

Tillage Preceding Crop
No Till 1986-Soybeans
Disc-Plots were disced on May 5, 1987
Chisel-Plots were chiseled then disced on May 5, 1987 1987 Crop
Moldboard-Plots were plowed then disced on May 5, 1987 Cormn-Ploreer 3790

Planting and Harvest Date
Planter was a Joln Deere 7000 equipped with ripple conservation coulters.

—  Plenting
Crop _Date Rate Harvested

Corn May 6, 1987 27,200 plants/ac  October 6, 1987
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Fertilizer
Actual
Material N POs KO S Mg
Crop _Apalysis __ _Rate = ------- lbs/ac ---v--- Data Applied
Corn 12-14-26-4-3 277 1bs/fac 33 38 73 11 9 May 6, 1987
82-0-0 U6 dbs/ac 120 O 0 O O JuneS, 1987
Soil Test
Organic Matter pH Bray 1 Phosphorus Potassium Sulfir Zinc
---------- lbs/ac ~--------= ---
Medim 7.0 115 238 15 1.1
Soil

The soil at this site is a Alstad (Aquic Butroboralfs, fine-loamy, mixed) fine sandy loam, O to 2
percent slope. Soil is somewhat poorly drained.

Weed Control
2 qt/ac (2 lbs/ac) lasso + 1 qt/ac (1 lb/ac) Bladex + 1 qt/ac (1 1b/ac) Atrazire.

Teble 10. The effect of tillage on plant populations on

August 1, n=6,
Tillsge
No Til) Disc Chisel Moldboard
Sig. of mean st dev pean st dev 1mesm st dev memam st dev
Tillage ----c-mcececaacea- plants/ac x 1000 ------v-occeceons

(014) 223 427 266 105 263 .55 266 .76

Table 11. The effect of tillage on corn yields and moisture
harvested on October 6, 1987, n=6.

Tillage
No Till Disc Chisel Moldboard
Sig. of pmean st dev mesp st dev mesn st dev meap st dev

M ----------------------- bu/ac -----=-ceemamecanocaa--
(.34 157 9.1 166 7.6 168 6.1 168 6.2
--------------------- % moisture -----ccmmccccncacen.
006 6 21 9 0
1. Plant population was used as a covariate in this analyis of
varience, If population effects are accounted for there is o

difference in yield due to tillage.
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INVESTIGATIONS OF TILIAGE AND OCRN HYBRID QN A PAGHIC UDIC HAPLOBOROIL SOIL IN WESTERN MINNESOTA
J.F. Moncrief, S.D. Evans, ard A.E. Olness

This study was initiated in the fall of 1983 to evaluate the interactions of tillage system, hybrid and
nitrogen response of corn grown contimuously. This paper focuses on the influence of tillage on corn
hybrid performance. Four tillage systems were used to evaluate two sirgle cross hybrids (Pioreer 3906 and
DeKalb-Pfizer XI8). Tillage treatments are fall moldboard and chisel plowing (with the exception of
1986), ridge till, and mo till. Ridge tilled corn was the only treatment that received cultivation. This
site has been in contimwous corn since 1982. The planter used was equipped with disc row cleaners which
were only used in the ridge till treatment. All other treatments had "in row" tillage by a 2" fluted
coulter. Nitrogen was spring applied as arhydrous ammonia. Nitrogen rates were pooled beyond the level
of corn response to evaluate tillage and hybrid interactions. Phosphorus and potassium was applied with
the planter.

The results of the analysis of variance is shown in table 1. There are significant main effects of year,
tillage, and hybrid as well as several interactions. The Picneer 3906 hybrid had grain yields an average
of 20 bushels per acre higher than the DeKalb XI8 (table 2). There was a significant interaction between
hybrid and year. In the last two years of the study the difference was greatest (tsble 2). There was
also a sipgnificant tillage by hybrid interaction (table 3). The greatest difference between the two
hybrids occurred with ridge tillage (29 bu/acre) followed by the mo till, chisel, ad noldoard treatments
respectively. Tillage systems that eliminate primary tillage had larger differences between

Table 1. The effect of tillage, Tsble 2. The effect of hybrid and Teble 3. The effect of tillage and

comn hybrid, and year on the year on grain yields. hybrid on grain yields from 1984 to

significance of an F test for Year 1987. Tillage

yield from analysis of variance. 1984 1985 1986 1987 Avg. Mid Chsl Rdg NI Avg.
--------- acre--------- --~------Bu/acre--------

Source of variation Sig, of F P 3906 130 89 130 150 125 P 3906 120 127 133 118 125
DR XI8 119 74 100 128 105 DKXI8 109 111 104 96 105

Year <.000 Diff., 11 15 30 22 20  Diff. 11 16 29 22 20
Rep 416
Till .030 Table 4. The effect of tillage  Table 5. The effect of tillage
Till x Year 042 and hybrid on grain yields in  and hybrid on grain yields in
1984. Tillage 1985, Tillage
Hybrid <.000 Mid Chsl Rdg NI Avg, Mid Chsl Rig NI Avg.
Hybrid x Year 003 eeeeeeees Bu/acre-------- = cecceeeoo Bu/acre--------
Hybrid x Till .015 P 3906 135 128 137 116 129 P3906 8 9 87 8 89
Hybrid x Rep .681 DR XT8 126 120 125 106 119 DK XI8 72 82 69 70 13
Till x Hybrid x Year .265 Diff. 9 8 12 10 10 Diff. 16 14 18 14 16
Year x Hybrid x Rep .340
Till x Year x Rep .254 Table 8. The effect of tillage
Rybrid x Till x Rep .058 and year on grain yields.
Year
Teble 6. The effect of tillage  Teble 7. The effect of tillage 1984 1985 1986 1987 Avg.
and hybrid on grain yields in  and hybrid on grain yields in = Tillage -----=--- Bu/acre--------
1986. Tillage 1987. Tillage Midbrd 130 80 971 149 114
Mid Chsl Rdg NI Ave. Mid Chsl Rdg NI Avg. Chisel 124 89 1271137 119
--------- Bu/acre-------- ---------Bu/acre-------- Ridge 131 78 128 137 119
P 3906 102 139 149 129 130 P 3906 157 145 156 141 150 No Till 111 78 107 132 107
K XI8 9 10 85 100 1) 8 117 128 1. Due to wet fall corditions in

Diff. 10 25 42 44 30 Diff, 15 17 39 18 22 1985, primary tillage was dore in
the spring of 1986.



216

hybrids. Although the tillage x hybrid x year interaction was not statistically significant (.265), the
biggest difference between hybrids grown with ridge tillage seemed to ocaur the last two years of the
study (tables 4-7).

The growing season rainfall was highest in 1986 and lowest in 1987. Plant moisture stress data show that
the IK XL8 hybrid consistently had higher levels of stress (mot measured in 1986). In 1987 there was a
significant tillage by hybrid interaction. There was a larger difference in stress between the two
hybrids when grown with ridge ti11l and o ti1l systems. One plausible explanation may be that the IK XL8
hybrid is more sensitive to root pruming that is associated with the ridge till systan. In 1987 there wes
very little rainfall following the ridging operation. This hybrid may have been more sensitive to the
reduced soil temperatures and increased resistance to root penetration under mo till conditions, which
could have resulted in shallow rooting making it more sensitive to the dry season. At this point this is
speculation until the total body of supporting data is interpreted.

Corn yields were low in 1985 due to an early frost. The four year aversges show the ridge till and chisel
plowing systems to result in the highest grain yield (tzble 8). Moldboard plowing was done in the spring
of 1986 due to wet soil conditions in the fall of 1985, which resilted in a very lov yleld (tzble 6). The
four year average yleld was 5 bushels per acre less when moldboard plowing than com grown with the ridge
till or chisel plowing system. No till grown com resulted in grain yields 12 bushels per acre less than
the chisel or ridge till com.
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THE EFFECT OF TTLIAGE OGN SMALL GRAIN AND SOYBEAN PRODUCTION IN NORTHWESTERN MINNESOTA-1987
J.F. Moncrief, J.J. Kuznia, and D.D. Breitbach

Plots were established in the fall of 1985 to evaluate the effect of tillage on small grain and soybean
production in nortlsestern Mirmesota. The rotation at each site is wheat-soybeans-barley. In the vheat
year the plots are split with winter and spring wheat. In 1987 soybeans were grown at the Becker County
site and Winter and Spring wheat at the Douglas County site. The tillgge systems beirg evaluated are fall
moldboard or chisel plowing followed by secondary tillage in the spring and no tillage.

The Becker County data is presented in tables 1 to 6. The soil covered by wheat residue after planting
was 75%, 26%, and 108 for the no till, chisel, and moldboard plow systems respectively (table 2). Plots
were split with drill applied (with the seed) fertilizer (dismmonium phosphate-DAP). The University of
Mirmesota does not recommend applying DAP with the soybean seed at the rates we used in this study. This
is the dominant source of dry phosphate in Mirmesota ard was used to illustrate the effect of tillage on
seed injury with this source of fertilizer.

The major weeds at this site are mustard and field bindweed. The weed density at harvest is shown in
table 3. Tillage and starter fertilizer had an effect cn the presence of weeds at harvest. There were
mach more weeds in the no till plots. There was also an increase in weeds when starter was used. This
was due to the stand loss associated with the mo till treatment and further reduction vwhen starter was
applied. This could have been due to more shallow planting, failure to close the seed furrow, or less
soil mixing,

Grain yields and moisture are shown in table 4 and 5 respectively. Yields are similar for the chisel and
moldboard plow treatments and there is no response to drill applied fertilizer. No till ylelds reflect
the reduced stands that allowed better competition by broadleaf weeds,

BECRER OOUNTY
Table 1. CQultural practices at Becker County, MN. 1987,

Tillage Preceding Crops 1987 Crop
No Till 1985-Barley Soybeans-McCalls
Chisel-Fall 1986-Winter and Spring wheat
Moldboard-Fall

Planting and Harvest Dates
Planter was a Haybuster No Till Disc Drill.

— Planting
Crop Date Rate Harvested
Soybeans Jure 2, 1987 225,000 plants/ec October 1, 1987

Fertilizer _ Actual
Material N P05 K0
—Crop is __Rate  ---lbs/ac---- Date Applied
Soybeans 18-46-0=_110 lhs/ac 20 S1 0 .June 2, 1987
1. Drill applied with the seed.

Soil
Hamerly clay loam (Aeric Calciaquolls, fine-loamy, frigid)-Winger silty clay loam (Typic
Calciaquolls, fine-silty, frigid) complex, 2 percent slope. Soil is samewhat poorly drained to
moderately well drained soil.
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Weed Control
1 qt/ac (3/9

11/pt/ac (°/, 1b/ac) Basagran +

1b/ac) Roundup was agplied on May 18, 1987.
/2 pt/ac (.125 1b/ac) Blazer was applied on June 18, 1987.

3/4 pt/ac (.375 lb/ac) Basagran was applied on July 20.
1 pt/ac (.125 1b/ac) Fusilade 2000 was applied on August 1, 1987.

Table 2. The effect of tillage on soil cover by wheat residue on June 2, 1987, n=12.

Tillage
No Till Chisel Moldhoard
Sig. of st dev mesn st dev mean st dev
Tillage ----ecermcc-ccmaea- § memmememceeeoeeeees
Between (0.0) 69.0 103 233 129 7.7 5.2
InRow _(00) 8.3 92 310 184 113 96

Table 3. The effect of tillage and starter on the
presence of weed cover on October 1, 19871,

n=3.
Tillage (,000)
No Till C(hisel  Moldhoard
mesn stdev mean stdev mean stdev Avg
Fert:ilgexz ---------------------------------------

Starter  4.33 0.57 0.67 0.57 0.33 0.57 1.78

No Starter 3,00 0,00 0,33 0.57 0.00 0,001,11
average 3.67 0.81 0.50 0.54 0.17 0.40

Teble 5. The effect of tillage and starter on the
moisture of soybeans at harvest, October 1,
1987, n=3.
Tillage (,249)
Sig. of No Till Ghisel  Moldboard
Rart,l- mean stdev mean stdev mean stdev
Fertilizex(.722)
Starter 8
8

average 8

1. The visual rating used is as follows; 1=None,
2=Slight, 3=Moderate, 4=Severe and S5-Very Severe.

2. The significance of tillage was .008; tillage x
fertilizer interaction was .006.

Table 4. The effect of tillage ard starter on
soybean ylelds October 1, 1987 n=3.

— Tillage(L002)

No Til} Chisel  Moldboard

mesn stdev mean stdev pmesn stdev Avg
Fertilizerd----cccmcen-- bu/ac -----seecmemeceenns
Starter 31.2 0.60 42.8 1.33 42.6 1.35 38.8
No S r 36,9 201 419 2 &4 0,57 40,5

average 3.1 3.43 42.3 1.69 42.7 0.93

1. The significance of tillage was .073; tillage x
fertilizer interaction was .061.

1. The significance of tillage x fertilizer
interaction was .603.

The crops grown at the Douglas County site are
winter and spring wheat. Tillage treatments are
moldboard, chisel, and o till. Spring soil test
values are shown in table 6. There was more mineral
nitrogen in the top two feet of the winter wheat
plots due the fall applied fertilizer with the drill
(tzble 6). There were higher levels of mineral
nitrogen in the no till winter vheat treatment than
the plots that were chisel or moldboard plowed.
This may be due to the slower rate of nitrification
of the fall applied ammonium due to cooler soil
tenperatures that would have prevented losses. The
soil P at this site is very variable. There were mo

discernsble tillage trerds. The soll K was affected by
tillage and was higher under no till conditions in the winter wheat plots. A similar trend occurred in
the spring wheat plots although not statistically significant. This has been cbserved at other sites and
reflects the slower soil fixation of K when it is mixed with a smaller volume of soil.

The soil cover by crop residue is shown in table 8. Cover was about 10, 40, and 75% for the moldboard,
chisel, and ro till systems respectively and similar in and between the row. The stands were quite
varisble (table 9). Tillage effects on stand were mot statistically significant. Early growth was
affected by tillage but differences were small and would not be expected to affect grain yields (table

10).
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Although tillage effects on the density and presence of various weed species were statistically
significant in some cases, the levels were low and not expected to affect yields (tables 11, 12, and 13).

The main effect of tillage on winter wheat grain yields was not statistically significant (table 14).
There was a tillage by variety interaction, however. The two varieties used at this site responded
differently to chisel plowing. The authors don’t have an explanation at this time. Tillage did not
effect spring vheat yields. There was a winter wheat varietal effect on test weight (table 16) but not
tillage. Tillage did effect spring wheat test weight. No till grain test weights were two lbs/bushel
lower than the chisel and moldboard grain. Protein was not affected by tillage for either winter or
spring wheat although there was a difference between varieties and winter and spring vheat.

DOOGLAS OOONTY
Table 6. Cultural practices at Douglas County, MN. 1987
Tillage
No Till

Chisel Plow-Plots were chiseled on September 11, 1986.

Moldboard Plow-Plots were plowed on August 29, 1986,
The chisel and moldboard plow treatments were followed by a spring field
cultivation before seeding the spring wheat.

Crop
1985-Soybeans, 1986-Barley

1987 Crop
Spring Wheat-Pioneer 2369
Winter Wheat-Bighom and Roughrider

Planting and Harvest Date
Planter was a Haybuster 107 drill, with 7" row spacing
that had double disk openers and twin angled packing
wheels.

—Crop _  _Planting Date = _ Harvested
Winter Wheat September 29, 1986 July 24, 1987
Spring Wheat  April 21, 1987 July 2, 1987

Fertilizer
Actual
Material N P05 KxQ
Crop Analysis Rate --- lbg/ac --- Date Applied
Winter Wheat 18-46-0L 100 lbs/ac 18 46 O  September 29, 1986

46-0-02 217 lbs/ac 100 O O May 29, 1987

Spring Wheat 18-46-01 100 lbs/ac 18 46 O April 21, 1987
46-0-02 217 1bs/ac 100 O O May 29, 1987

1. Drill applied with seed.

2. Urea was broadcast.

Soil
Camplex of: Barmes (Udic Haploborolls, fine-loamy, mixed)-Langhei (Typic Udorthents, fine-loamy, mixed
(calcareous) ,frigid) loams, 2 to 6 percent slopes, well-drained eroded. The Langhei occurs on eroded
knobs and Barmes on uniform slopes and valleys.
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Weed Control
No Till Plots;
1 qt/ac (3/, 1b/ac) Roundup + surfactant on Septenber 5, 1987.
Winter Wheat:
1.5 pt./ac Bromoxynil(Buctril) + 1 pt/ac MCPA(ester) on May 28, 1987.
Spring Wheat:
1 pt/ac 2,4-D on Jure 1, 1987.

Soil Test
Table 7. Soil test results from Douglas County on April 9, 1987.

—  WINTFRWHFAT = — SPRINGUMFAT
Tillage Iillage
Sig. of No Till Chisel  Moldboard Sig. of No Till Chisel  Moldhoard
Depth Tillage mean stdev meap stdev mean stdev Tillage mean stdev mean stdev mean stdev

Mutrient Inches Witheat ------------ Ibs/ac -------ocmoc-o Sphheat ------------ Ibs/ac --------------
NO3 0-6 (.162) 36.8 4.7 29.5 7.9 32,3 6.0 (.801) 20.7 3.5 2.0 6.9 21.110.5
6-24 (.320) 414 47 33,2 6,1 34.212,9 (965 31,3103 31,8260 332214

0-24 (.150) 78.2 8.6 62.7 9.0 66.517.5 (.929) 52.013.4 55.820.2 54.314.4

o

N, 0-6 (.0000 7.9 0 5.8 0.5 6.1 0.8 (.181) 12.2 9.3 6.0 1.0 7.8 2.2
6-24 (.070) 209 1,7 195 3.0 175 1,5 (.662) 204 4.4 185 44 18,8 4.1
8 2 5.3 2.9

0-24 (.010) 28. 1 3 23.6 2.1 (.223) 326126 2.5 50 26.6 6.0
NOsHW, 0-6 (.053) 44.7 4.7 35.3 8.2 384 5.8 (.765) 32.812.5 30.1 3.7 28.9 8.7
6-24 (.189) 62,3 50 527 7.8 51,6134 (963 51,7143 503169 52.025.0
0-24 (.050) 107.0 8.7 88.0 89 90.017.8 (.899) 84.525.4 80.422.8 80.919.4
P 0-6 (.246) 20.418.1 10.811.9 8.210.3 (.569) 18.419.4 28.536.1 39.240.3
-6 8 6

Teble 8. The effect of tillage on barley residue on June 4, 1987.

Tillage
No Till Chisel Moldboard
meay st dev pmean st dev pmean st dev
—GCrop _  Vaciety _location = ------------ce-cee- L
Winter Wheat Bighom In Row 65.0 21.6 38.0 20.9 7.7 6.7
(n=12) Between Row 74.3 144 36.3 143 130 7.8
Roughrider  In Row 71.7 16.4 41,7 19.7 100 6.7
Between Row 78.7 13.3 41.7 26.8 7.3 6.9
Spring Wheat Pioneer In Row 70.2 149 458 22.1 10.8 15.7
(n=24) _BetweenRow 73,5 134 41,3 171 158 148
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Table 9. The effect of tillage on plant population Table 10. The effect of tillage on crop growth
on Jure 4, 1987. stages on Jure 4, 1987.
Tillage Tillage
No Till  (Chisel Moldboard No Till  Chisel Moldboard
Sig. of mesn stdv mean stdv mean stdv Sig. of mean stdv mean stdv mesn stdv
-Varlety Tillagel ------ plants/ac x 1000 ------ Crop-Variety Tillagel ---- Zadoks growth stage ----
Winter Wheat (,704) n=12 Winter Wheat (.000) n=60
Bighom 153 44.7 128 62.8 137 58.5 Bighom 55.4 5.79 57.7 2.99 58.91.99
Roughrider 153 62.2 195 31.4 150 68.9 Roughrider 56.0 4.35 59.2 2.12 59.1 2.09
Spring Vheat 24 Spring Wheat =60 --- Ham grovth stage ---
Pioneer (491 124 65,3 116 63,2 148 64,3 _Ploneer (.000Y 3,71 0.32 3,69 0.39 3.97 0.44
1. The significance of variety was .175, and the 1. The significance of variety was .073, and the
variety x tillage interaction was .328. variety x tillage interaction was .510.

Table 11. The effect of tillage on weed species present in spring wheat (Pioneer 2369) and their density
on June 4, 1987, r=18.
Tillage

No Till Chisel  Moldboard
Sig. of mean stdv mean stdv mean s

Weed Tillage ---------- % of coverage -----------

Foxtail (.1s5) 1.18 1.30 7.41 10.5 1.22 1.65
Mustard (.867) 0.37 0.22 0.43 0.36 0.43 0.17
Lanbsqurter (.682) 0.33 0.26 0.55 0.74 0.40 0.15
Buclodheat  (.878) 0.33 0.26 0.30 0.22 0.37 0.21
Ragweed -- 0.00 0.00 0.08 0.20 0.08 0.20
Quackgrass -- 0.00 0.00 0.00 0.00 0.33 0.41
Cockle -- 0.17 0.26 0.00 0.00 0.10 0.20
Wormweed (.811) 0.25 0.27 0.17 0.26 0.17 0.26
Smartweed  (.879) 0.33 0.23 0.33 0.26 0.41 0.30
Pigweed -- 0.00 0.00 0.10 0.20 0.00 0.00
Permycress  (.456) 0.28 0.25 0.80 1.57 0.20 0.21
Dandelion - 0,25 0,27 000 000 000 0,00
Table 12. The effect of tillage on weed species Table 13. The effect of tillage on weed species
present on Bighom winter vheat and their present on Roughrider winter wheat and
density on June 4, 1987. Weed species their density on June 4, 1987. Weed
which were significantly affected by species which were significantly affected
tillage are in bold type, n-18. by tillage are in bold type, n=18.
Tillage Tillage
No Till (hisel Moldboard No Till Chisel Moldboard
Sig. of mean stdv mean stdv meapn stdv Sig. of mean stdv peap stdv mean stdv
Weed Tillage -------- § of coverage -------- Weed Tillage -------- % of coverage --------
Foxtail (.693) 0.87 0.60 0.77 0.67 0.53 0.40 Foxtail  (.132) 0.50 0.10 0.33 0.06 0.37 0.15
Mustard  (.065) 0.53 0.15 0,20 0.10 0.40 0.10 Mustard -- 0,00 0.00 0.20 0.26 0.07 0.06
Lanbsquartr(.207) 0.20 0.00 0.43 0.31 0.50 0.00 Lanbsquartr(.224) 0.23 0.23 0.33 0.21 0.50 0.10
Bucksheat (.088) 0.20 0.10 0.36 0.23 0.70 0.30 Buckwheat (.311) 0.07 0.16 0.37 0.23 0.23 0.25
Ragweed -- 0.00 0.00 0.20 0.26 0.00 0.00 Ragweed -- 0.000.00 0.330.29 0.330.29
Quackgrass -- 0.03 0.06 0.00 0.00 0.00 0.00 Quackgrass --  0.00 0.00 0.00 0.00 0.33 0.29
Cockle (.129) 0.03 0.06 0.30 0.26 0.33 0.29 Cockle -- 0.03 0.06 0.17 0.29 0.00 0.00
Wormseeed -- 0.20 0.26 0.20 0.26 0.00 0.00 Wormweed .- 0.40 0.17 0.17 0.29 0.00 0.00
Smartweed (.444) 0.27 0.15 0.13 0.15 0.20 0.26 Smartweed (.016) 0.50 0.00 0.03 0.06 0.27 0.21
Pigweed (0) 0.17 0.29 0.17 0.29 0.17 0.29 Pigweed -- 0.00 0.00 0.000.00 0.200.35
Permycress (.921) 0.37 0.23 0.30 0.10 0.30 0.36 Permycress - 0.17 0.06 0.20 0.20 0.00 0.00
Dandelion -- 0.330.29 0.000.00 0,000,00 jm  -- 0,17 0,29 0.00 0,00 0.000
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Tsble 14. The effect of tillage on wheat yields on
July 24, 1987.

Tillage
No Till  (hisel Moldboand

Table 15. The effect of tillage on harvest moisture
on July 2, 1987,

ean gtdv %m mean stdv  Avg mesp stdv pean stdv pean stdv Avg
............. 80 ~ccreccccccncacna [ R, % cmsserwescenesnenee
Winter Wheat! n-12 Winter Wheatd n=12
Bighom 36.9 9.1 44.4 4.5 38.0 5.0 39.8  Bighom 9.6 2.4 12.0 0.5 11.5 1.4 11.0
Roughrider 38.0 5.5 29.0 4.2 37.7 4.3 3.9  Roughrider 15.010.0 10.8 3.1 11.1 0.8 12.3
Spring Wheat? =8 Spring theat? -8
Pioneer .4 41 325 9.3 38.9 8.2 353  Pioneer 15.5 3.2 13.6 1.3 13.1 1.4 13.9
1. The significance of tillage was .832 and variety 1. The significance of tillage was .839 and variety

was .005, the significance of tillage x variety
interaction was .000.

2. The significance of tillage was .149.

Table 16. The effect of tillage on test weights on

was .421, the significance of tillage x variety
interaction was ,188.

2. The significance of tillage was .048.
Table 17. The effect of tillage on protein on

July 24, 1987. July 24, 1987.
Tillage Tillage

No Till  Chisel Moldboard No Till  (Chisel  Moldboard

mean stdv mean stdv pmean stdv Avg mean stdv pean stdv mean stdv Avg

------------ Ib/by «-ccccececcccanns mecmmcecccsecn § ccceccvcccnnencaans
Winter Wheat! n=12 Winter Wheat! n-12
Bighom 55.8 0.68 55.9 0.92 56.9 1.20 56.2  Bighom 12.7 0.20 12.4 0.37 12.20.70 12.4
Roughrider 58.2 0.26 58.2 0.82 58.3 0.87 58.2  Roughrider 14.50.52 13.9 1.18 14.50.90 14.3
Spring Wheat? n-8 Spring theat? 8
Pioneer 58.6 2.16 60.11.48 59.8 1.53 59.5  Ploneer 14.9 1.27 15.30.92 15.6 1.01 15.3
1. The significance of tillage was .121 and variety 1. The significance of tillage was .302 and variety

was ,000, the significance of tillage x variety
interaction was .303.

2. The significance of tillage was .048.

was .000, the significance of tillage x variety
interaction was .353.
2. The significance of tillage was .259.
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TILIAGE FFFECTS QN WINTER AND SPRING WHEAT, BARLEY, AND SOYBEAN PRODUCTION
N THE IACUSTRINE SOILS OF NORTHWESTERN MINNESOTA

J.F. Moncrief, K.J. Pazdernik, J.J. Kuznia, and D.D. Breitbach

In an effort to evaluate the production of winter and spring wheat, barley, and soybeans on the poorly
drained soils (Aquolls) of the Red River Valley in nortisestern Mirmesota plots were established in 1986
in Noman County, Minmesota. The soil at this site is a oamplex of Fargp-Hegre silty clay (tble 1). The
rotation followed is wheat (plots are split between winter and spring wheat), soybeans, and barley.

Soil test results for barley following soybeans are shown in table 2. Tillage affected soil mineral
nitrogen in the barley plots. There was less mineral N in the 6 to 24 inch depth increment without
tillage. This suggests that there was more mineralization of soil nitrogen in the fall and spring
following primary tillage or more losses without tillage. When wheat followed barley (table 3) similar
trends were present but not statistically significant.

Soil cover by crop residue is shown in table 2. The soil cover left following planting when winter wheat
followed barley was adequate for erosion control with the no till and chisel plowing systems. Uhen spring
secordary tillage was done on chisel plowed plots for spring wheat, the soil ocover was less than desirzble
levels for adequate erosion control. Barley followed soybeans and had adequate cover on only the mo till
treatment. Soybeans followed wheat and again had less than adequate cover on all except the mo till
treatment.,

Statistical analysis suggests that tillage only affected plant population of barley grown after soybeans.
Winter wheat stands were quite variable and reduced within no tillage plots. This was most likely due to
an open winter and shallow planting in no till plots. Winter wheat did nmot have the benefit of "snow
catch" due to barley stubble to provide insulation. The growth of the Roughrider vheat was less varisble
than the Bighorn and influenced by tillage (table 4). The Marshall spring wheat advanced less quickly
than the Stoa. Barley and soybeans tended to grow slower with conservation tillage but differences were
not statistically significant.

The effect of tillage and crop on weed density by species is shown in tables 7 to 17. The major weeds in
the soybeans following wheat were foxtail, mustaxd, and volunteer wheat. Chisel plowing resulted in
higher levels of foxtail. Mustard was higher in the chisel and moldboard plowed plots. These data were
collected before applying post emergence broadleaf and grass herbicides. There were very few weeds at
harvest and did not affect soybean yields.

Barley following soybeans had higher levels of volunteer soybeans in chisel plowed plots. There were low
levels of weeds in barley plots and they did not affect yields.

There were significant effects of tillage on weed densities In winter wheat (tsbles 9 and 10). Mustard
and buckuheat were higher in moldboard plowed plots. No till plots had higher lewels of curlydock. No
till and chisel plowed plots had higher levels of foxtail.

Spring wheat showed higher lewels of pigweed in chisel plowed plots. The effect of tillage on the
appearance of foxtail was similar to the winter wheats. There were winter wheat varietal effects on
buckwheat, mustard, dandelions, and pigweed (table 13). This was a result of less competition due to
shorter straw, tillage effects on weed seed distribution, and less wheat stand deperding on the weed
species. Pigweed were present in higher nubers in chisel plowed plots with Stoa spring wheat but higher
with Marshall spring wheat in moldboard plowed plots (table 14).

Winter and spring wheats are compared in table 15. Winter wheat had higher dersities of foxtail, mustard,
buckwheat, lambquarters, and cockle. There was also a significant tillage by crop (winter vs. spring
wheat) interaction on mustard density. Higher densities were found with chisel and moldboard plowing for
winter wheat production. Tall and short wheat varietal comparisons are shown in tsble 16. Buckwheat
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competed better in short wheat. Over all varieties of wheat foxtail densities were higher with less
tillage (table 17). Mustard had higher densities with more tillage.

Wheat plots were split with a fungicide application. Ratings for leaf lesions are shown in tsbles 18 and
19. Significance values from the analysis of variance are shown in table 20. There were no significant
effects of tillage on leaf diseases in either winter or spring wheat. FRungicide application reduced
disease ratings at all times of observation. There was a greater respase to firgicide application bty the
Stoa spring wheat over the Marshall at the June 27 cbservation. There was an interaction on the July 13
observation of spring wheat between tillage, variety, and fungicide application (tsble 18). There was

generally more of a response by the Stoa wheat and varietal effects were reversed in the chisel plowed
treatments.

Grain yields are shown in tables 21 to 23. Statistical significance of treatments are shown in table 24.
Tillage affected winter wheat ylelds but not spring wheat ylelds (tzble 22). Wirter wheat ylelds were five
bushels per acre lower when grown without tillage. This yield reduction is due to reduced stand and the
subsequent increase in weed pressure rather than disease problems. This is also the explanmation for the
tillage by winter wheat variety interaction.

There was more stand loss due to mo tillage in the Bighom plots and subsequent competition by buckwheat
(table 13). There was a trend of a yleld increase with less tillage with spring wheat. This is due to
less mature wheat (as evidenced by harvest moisture-tsble 25) at the time of a severe hail storm that
resulted in less loss due to broken stems (on July 21).

There was a significant response to fungicide application (7.4 bu/acre) by winter wheat but mot spring
vheat (table 21). The response was greater in the conservation tillage systems by the Roughrider but not
affected by tillage in the Bighorn plots. The Bighorm also responded muxch more to fimgicide application
than the Roughrider.

Grain test weights are shown in tables 28 to 30. There were significant tillage, varietal and

interactions on test weights in winter wheat. Unlike the Bighorn winter wheat, Roughrider had a higher
test weight and was not affected by tillage.

Grain protein data is presented in tsbles 31 to 34 for wheat. Similar mirror images of treatment yleld
responses by protein ocaurred due to a dilution affect of increased yields.

Barley data are shown in tsble 35. Yields, moisture, protein, and test weight of barley grown after
soybeans were not affected by tillage.

data are shown in table 36. Yields and moisture of soybeans following wheat were also mot
affected by tillage. This has been consistent in Mirmesota research.

Table 1. Cultural practices at Nomman County, MN. 1987.

Crop 1985-Spring Wheat,
No Till-the soybean and barley plots were dragged in spring. 1986-start of thwee year (wheat,
Chisel Plow-fall barley, soybean) rotation.

Moldboard Plow-fall
The spring seeded chisel and moldboard plow treatments were 1987 Crops
field cultivated twice with a drag behind it before seeding. Winter vheat - Bighorn

Spring wheat - Marshall
- Stoa
Barley - Robust
Soybeans - McCalls
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Planting and Harvest: Dates
A Haybuster No Till Disc Drill was used to plant all plots.

Planting
—Crop  __Date =~ _Rate = _ Harvested
Winter wheat Sept. 26, 1986 90 lbs/ac July 29, 1987

Spring wheat April 2, 1987 90 lbs/ac July 29, 1987

Barley April 2, 1987 96 lbs/ac July 29, 1987
Soybeans May 8, 1987 9 lbsfac  Oct. 1, 1987
Soil

Fargo silty clay, 0 to 1 percent slopes (Vertic Haplaquolls, fine, montmorillonitic, frigid) on 50
percent of the plot and Hegne (Typic Calciaquolls, fine, frigid)-Fargo (Vertic Haplaquolls, fine,
montmorillonitic, frigid) silty clays on the rest of the plot. Both soils are poorly drained.

Weed Control

Wheat —Chemical Amomt = Applied
Winter Roundup 1.2 pt/ac Sept. 9
Hoelon (tankmix) 3.0 pt/ac  June 3
Buctril n 1.0 pt/ac "
MCPA Ester " 0.5 pt/ac "
Spring Hoelon (tarkmix) 3.0 pt/ac June 3
Buctril " 1.0 pt/ac "
MCPA Ester » 0.5 pt/ac "
Soybeans Brominal 3+3(no till) (tarkmix) 2.2 pt/ac May 11
Roundip n " 1.4 pt/ac "
Poast: (tankmix) 1.5 pt/ac June 6
Herbimax Ofl " 2.0 pt/ac "
Basagran (tanlamix) 1.5 pt/ac  June 9
Blazer " 1.0 pt/ac "
Herbimax Ol " 2.0 pt/ac "
Barley _ MCPA Ester 10pt/ac Jue 4

15t gpplication: Diathane M45 at 2 lb/ac + 2 oz/ac sticker on June 16, 1987 with the Ada Co-op

rayer.
Z’SPapplioation: Manzate 200 DF at 1.5 qt/ac with 7 gal/ac water on June 26, 1987 using a spray foil.
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Fertilizer
—Actual
Material N POs K0
Crop fnalysis _Rate =  ----lb/ac---- _Date Applied
No Till
Vinter wheat: 18-46-01 137 1b/ac 25 63 O  Sept. 26, 1986
46-0-02 201bfec 101 O O April 29, 1987
Tilled
18-46-0! 1371b/ac 25 63 O Sept. 26, 1986
46-0-02 1521bfac 70 O O April 29, 1987
No Till
Spring vheat: 46-0-02. 220 1b/ac 101 O O April 24, 1987
18-46-01 1001b/ac 18 46 O  April 29, 1987
46-0-02 1521b/ac 70 O O April 2, 1987
18-46-01 1001b/ac 18 46 O  April 29, 1987
No Till & Tilled
Barley: 46-0-02. 1751b/ac 8. O O April 2, 1987
18-46-01 100 Ib/ac 18 46 O  April 29, 1987
No Til)l & Tilled
Soybesns: 18-46-0k 53 Mb/ac 10 2% O May8, 1987
1. Drill spplied.

2. Urea broadcast.

Soil Test
Table 2. Soil test results at Norman County barley sites on June 3, 1987.

'Pi'l‘lé@

No Till Chisel Moldhoard
Depth Sig. of mesn stdev pean stdev mesn stdev

Muodent Inches Tillage --------------:- Y
NO3 0-6 (.963) 35.9 21.8 31.5 10.1 344 14.6
6-26 (.117) 62.1 32,1 133.6 4.3 118.4 58.5

0-24 (.157) 98.0 12.3 165.2 6.0 152.8 65.6

N, 0-6 (.366) 16.2 7.1 8.2 5.3 9.1 49
6-24 (.525) 32.7 8.4 383 12.1 300 2.8

0-24 (.710) 48.9 13.1 46.5 17.0 39.0 5.2

NO3H\H,, 0-6 (.822) 52.1 25.2 39.8 15.2 43,5 18.2
6-24 (.100) 9.8 39.5 171.9 8.3 148.4 61.2

0-24 (.224) 1469 24,3 211.6 22.9 191.9 67.5

K 0-6 (400 e64.4 51.7 4 584 1.2
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Tsble 3. Soil test results at Norman County wheat sites on June 3, 1987,

Tillage

No Till  Chisel  lMoldhoard

Tillege
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residue for barley and wheat residue for soybeans. For wheat and barley, data was collected on

Table 4. The effect of tillage on in-row an between-row soil cover on barley residue for wheat, soybean
April 24, 1987; soybeans on May 8, 1987,

mean stdev

Iillage
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Table 5. The effect of tillage on plant population. Table 6. The effect of tillage on crop growth.

Tillage Tillage
No Till (hisel Moldhoard No Till (hisel Moldboard
Sig. of meap stdv pean stdv meap stdv Sig of mean stdv meap stdv mean stdv
Crop-Variety Tillage ------ plants/ac x 1000 ------- Crop-Variety Tillage ----- Zadoks growth stage ----
Winter theatl (.453) -6 WMOOM-?»O
Bighom 232 102 232 97 276 71 45.05.3 46.63.0 45.15.1
Roughrider 397 170 445 112 494 222 ng'nrider 44023 46,123 49.7 3.4
Mﬁz (.312) =6 mmé (.674) =30 --- Han grouth stage ---
440 171 547 130 300 194 3.49 .29 3,54 .53 3.40 .36
Stoa 281 124 368 190 436 197 Stoa 3.74 .47 3.63 .62 3.85 .56
Barley (.058) n=9 Barley (.223) n=45 --- Haun growth stage ---
Robust 716 132 807 157 891 164 Robust 3.75 .69 3.80 .54 3.95 .48
Soybeans (.864 n=18 Soybeans (.214) b5 -=---- Node number ------
McCalls 180 83.6 168 51,0 178 54,7 _ McCalls 1.73 44 1.73 .44 1.87 .34
1. The significance of variety was .000, and the 1. The significance of variety was .022, and the
variety x tillage interaction was .838, variety x tillage interaction was .000.
2. The significance of variety was .240, and the 2. The significance of variety was .001, and the
variety x tillage interaction was .056. variety x tillage interaction was .072.

Table 7. The effect of tillage on weeds in soybeans  Table 8. The effect of tillage on weeds in barley

on June 3, 1987, n=6. on June 3, 1987, n=6.
Tillage Tillage

Stg. of, ey sty e srdy mem ey Stg, of, gman sy mesm sty oy
. of mean s mean s ig. of mean stdv mean s mean stdv
Weed  Tillagel ----vce-e-- L T — Weed  Tillagel ---e--v--e- R T —
Foxtail (.061) 18.3 6.8 24.5 8.8 15.510.0 Foxtail (.383) 2.7 14 19 10 2.2 0.8
VolWheat (.624) 2.5 1.8 2.5 1.0 1.9 1.4  VolSoybean (.038) 1.2 1.9 2.7 1.2 15 0.8
Pigmeed (.078) 0.6 0.2 2.0 2.1 0.9 0.6 Pigweed -- 0.4 0.2 0.3 0.3 0.0 0.0
Ragweed (.758) 0.1 0.2 0.1 0.2 0.2 0.3 Ragweed (.475) 1.5 2.0 0.3 0.4 0.2 03
Mustard (.001) 0.7 0.3 2.9 1.8 4.8 3.3 Mustad (.211) 1.0 1.0 1.8 0.9 1.8 0.8
Buckwheat (.126) 0.3 0.3 0.5 0.0 0.3 0.3 Bucksheat (.223) 6.5 5.0 4.8 5.0 2.7 0.8
labsqutr -- 0.0 0.0 0.1 0.2 0.1 0.2 Lambsqutr (.3200 0.3 0.3 0.6 0.7 0.4 0.2
Quackprass _-- 01 0.2 00 00 01 0.2 Quackgrass -- 0.4 0.4 0.0 0.0 0.0 0.0
1. Due to umatural variances, a natural log Dandelion  -- 0.3 0.3 0.0 0.0 0.0 0.0
transfonmation was used for significance. Oxlydock  -- 0.1 0.2 0.0 0.0 0.0 0.0
ComorRgwd -~ 0.2 0.3 0.0 0.0 0.0 0.0
Spartweed - 01 02 00 00 00 00

1. Due to umatural variances, a natural log
transformation was used for significance.
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Table 9. The effect of tillage on weeds in Bighorn Table 10. The effect of tillage on weeds in
vheat on Jure 3, 1987, n=6.

Roughrider winter wheat on June 3, 1987

Tillage
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Table 12. The effect of tillage on weeds in Stoa
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Table 11. The effect of tillage on weeds in

Weed
Foxtail
Pigweed
Mustard
Buckheat (.145)
Lanbsqurtr (.138)
Quackgrass
Dandelion
Curlydock

e

transformation was used for significance.
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Table 13. The effect of tillage, variety, and tillage by variety on weeds in winter wheat on June 3, 1987.
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Table 14. The effect of tillage, variety, and tillage by variety on weeds in spring wheat on June 3, 1987,
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Table 15. The effect of crop (winter wheat by spring wheat ) and crop by tillage interaction on weeds on

Jure 3, 1987.
» Tillage

___Crop No Till  Chisel  Moldboard

Sig. of Wint Sprg Sig. of Wint Sprg Wint Sprg Wint Sprg

Weed —Crop n=36- & cover - Tillxcrop n=12 --------- $ COVEr =-----nee-
Foxtail (.032) 11.4 8.1 (.637) 1l6.4 13.5 11.8 6.6 6.0 4.3
Pigweed (.448) 0.7 0.8 (.738) 04 05 08 1.2 0.8 0.
Ragweed (.251)y 0.1 0.0 -- 0.0 00 0.0 00 0.2 0.0
Mustard (.001) 23 0.7 (008) 06 04 20 09 44 0.8
Buclatheat (.000) 12.2 2.8 (.795) 1.3 3.4 103 24 11.8 2.7
Larbquarters (.000) 1.4 0.2 (624 18 05 09 0.1 15 0.0
Penycress -- 61 00 -- 00 00 01 00 0.1 0.0
Quackgrass (.538) 0.1 0.1 - 0.2 03 0.0 0.0 0.0 0.0
Dandelion (.112) 0.2 0.1 .- 0.5 03 0.0 0.0 0.0 0.0
Curlydock (.001) 0.4 0.0 -- 0.6 01 03 00 0.5 0.0
CommorRagweed (.000) 0.2 0.0 -- 03 01 0.2 0.0 0.2 0.0
Smartweed (.408) 0.1 0.0 (598 0.1 00 01 0.0 0.1 0.0
Cockle (.002) 1.8 0.2 (246) 1.0 0.2 31 03 13 0.1
Milkweed (154 0,2 0.0 -- 02 01 01 00 02 0.0

Table 16. The effect of tall wheat varieties (Roughrider and Stoa) by short wheat varieties (Bighorn and
Marshall) and tall by short varieties by tillage on weeds on June 3, 1987.

Tillage

Height No Till  Chisel Moldboard

Sig. of Short Tall Sig. of Short Tall Short Tall Short Tall

Weed Height n=36 % cover - TillxHigh n=12------- $ COVer -------------
Foxtail (.676) 10.1 9.5 (.563) 14.1 15.0 10.2 8.2 6.0 4.3
Pigweed (.362) 09 0.6 (.580) 0.5 05 1.0 1.0 1.0 0.5
Ragweed (.246) 0.0 0.1 - 0.0 00 00 0.1 0.0 0.2
Mustard (.256) 1.8 1.2 (.185) 0.4 0.6 14 1.5 3.5 1.6
Buclatheat (.044) 9.6 5.4 (.374) 128 49 6.8 59 9.2 5.3
Lanbquarters (.449) 0.9 0.7 (.680) 1.3 1.1 0.8 0.2 0,7 0.8
Permycress (.270) 0.1 0.0 -- 0.0 00 0.0 00 1.0 0.0
Quackgrass (.521) 0.1 0.1 - 0.3 0.2 0.0 0.0 0.0 0.0
Dandelion (127 0.2 0.1 -- 0.5 03 0.0 0.0 0.0 0.0
Curlydock (910) 0.3 0.2 (16 0.2 05 0.2 0.1 0.4 0.
ComorRagweed (.147) 0,2 0,1 (.83%) 0.2 01 0.1 0.1 0.2 0.0
Smartweed (.3%6) 0.1 0.0 .- 0.0 01 0.1 0.0 0.1 0.0
Cockle (.845) 11 10 (9%4) 0.7 05 19 1.6 0.7 0.8
Milkweed (40 0.2 00 -- 02 01 031 00 02 0.0
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Table 17. The effect of tillage on weeds of wheats (overall), n=24.

No Till Chisel Moldboard
Sig. of mean stdev mean stdev mean stdev

Weed Tillage --c---c-c-cece- $ COVRr --e----ceemaee-
Foxtail (.000) 15.0 9.8 9.2 8.3 51 2.9
Pigweed (.180) 0.5 0.8 1.0 1.3 0.8 0.9
Ragweed - 0.0 00 0.4 01 01 0.4
Mustard (.002) 0.5 0.4 1.4 1.6 2.6 35
Buckwheat (.511) 8.9 13.1 6.4 4.5 7.3 5.9
Lamquarters (.096) 1.2 2.0 0.5 0.8 0.8 1.4
Permycress (.861) 0.2 0.1 0.0 0.1 0.0 0.2
Quackgrass .- 0.2 0.3 0.0 0.1 0.0 0.0
Dandelion -- 0.4 0.3 0.0 0.0 0.0 0.1
Curlydock (.516) 0.3 0.6 0.2 0.3 0.2 0.6
CommorRagweed  (.510) 0.2 0.2 0.1 0.3 0.1 0.2
Smartweed (1.00) 0.1 0.2 0.1 0.2 0.1 0.2
Cockle (.142) 0.6 1.1 1.7 3.5 0.7 1.5
Milkweed (40 0,2 04 0,0 02 01 04

Teble 18. The effect of tillage on disease in wheat on June 27, 1987.

Tillage
NoTll Gusel  Moldboard Varlety Rugicide ned

fimg moRmg fing poRmg fing mRmg Avg =18 fimg npofimg
Crop-Variety n=3 ----«=cccacmmanann Hosford Scale ---«-«-ececcmomcmccmcmnccccaes

Bighorm 5,33 733 6.00 6.67 6.33 7.67 6.56 5.89 7.22
Roughrider 6.87 8.00 6.33 7.00 6.67 7.33 7.00 6.56 7.44

average n=6 6.00 7.67 6.17 6.83 6.50 7.50

Overall n=12 6.83 6.50 7.00 n=18 6.22 7.33
Marshall 233 433 233 267 233 467 311 2.33 3.89
Stoa 1.67 2.00 1.67 4.00 2.00 3.33 244 1.78 3.1

average 2.00 3.17 200 333 217 4.00

Overall 2,58 2,67 3.08 2,06 3,50

Table 19. The effect of tillage on disease in spring wheat on July 13, 1987.

Tillage
No Till Chisel Moldboard  Variety ~ Rmgicide p=9
fing moRmg fmg poRimg fung noflmg Avg r=18 fung poRmg

Crop-Variety =3 ---=-=-enns-==eue- HoSford SCale =-r-ses-resesnmncmmamacsmsasaenns
Marshall  5.17 7.17 4.83 7.17 550 6.33 6.03 5.17 6.89
Stoa 533 7.67 6.00 7.83 5.3 6.83 6.50 5.5 7.4

average n=6 5.25 7.42 542 7.50 542 6.58
OQverall n=12 6.33 6.46 6.00 n=18 5.37 7.17
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Table 20. The significance of tillage, fungicide, variety and the interactions on wheat yields.

Wheat Till, Rmg, Var, Till x Rmg Till x Var Var x Rmng Till x Rmg x Var
Date ---cecscccnccacocnccaconcne.. significance -------c----ooccccmmccaaaao.
Winter 6-27 .524 .021 .189 .438 .383 431 .816
Spring 6-27 .514 ,005 .021 .871 .150 .827 .075
Spring 7-13 548 005 221 ,455 647 811 . 768
Teble 21. The effect of fungicide on Table 22. The effect of tillage on the yields of
the yields of wheat. The wheat. The effect of fimgicide are
effects of tillage are averaged over tillage, n=6.
averaged over fumgicide,n=9.
Rmgicide Tillage
fimg no_fimg No Till Chisel  Moldboard
mean stdev mean stdev mean stdev mean stdev mean stdev Avg
Crop-Variety --------- bu/ac -------- Crop-Variety --------c-c-- bu/ac ------meemeceonnaaa-
Winter vheat Winter wheat
Bighorn 41,1 10.1 29.8 11.7 Bighom 23.411.1 38.6 7.0 444 6.5 355
Roughrider 40.5 6.0 37.0 7.3 Roughrider 32.5 7.0 40.6 5.0 43.1 3.1 38.7
average 40.8 33.4 average 27.9 39.6 43.7
Spring wheat: Spring wheat:
Marshall 43,1 5.8 40.4 7.3 Marshall 43.6 6.9 40.7 9.3 41.0 1.8 41.8
Stoa 31.2 89 314 4.6 Stoa 33.3 5.8 32,1 89 285 59 31.3
average 37.1 35.9 —average 38,5 36,4 4.7

Tﬂlggg

No Till Chisel Moldboard

fmg mo fimg Aimg po fimg fimg no fimg
Crop-Variety ---~--ce-ccccccncee 80 ~~eecmecccececcccccccanaa
Winter wheat
Bighorm 29.7 17.0 4.2 33.0 49.4 39.4
Roughrider 3%.8 30.1 4.3 36.8 42,2 439
Spring wheat
Marshall 46.7 40.6 41.0 40.4 41.7 40.3
Stoa 334 331 34,2 300 259 311

Table 24. The significance of tillage, fungicide, variety and
the interactions on vheat yields.

Wheat Till, Rmg, Var. Till x Rmg Till x Var Var x Fung Till x Fung x Var

------------------------------ significance --e-eccemcccmonmnnnan ot
Winter .004 .013 .056 .206 .066 .064 449

Spring 292 709 004 410 512 ,353 450
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Table 25. The effect of tillage on the moisture Table 26. The effect of tillage and fungicide on the

of wheat at harvest. The effect of moistiwe of wheat at harvest, n=3. ,\
fungicide are averaged over tillage,n=6. '
Tillage Tillage
No Till  Chisel Moldhoard No Til Chisel Moldboard
mean stdv mean stdv mean stdv Avg fung o fimg fimg mo fimg fung mo fing
Crop-Varty ---------=--=-- $ ----ommmeemeeee- Crop-Varty--------=--=---=----- $ -o-ommommommeseseooooos
Winter wht Hintex wht
Bighorm 12.04.25 7.7 1.28 9.11.80 9.6  Bighorn 9.26 1.76 6.88 851 7.73 10.38
Roughrider 8.8 2.20 7.11.66 6.42.25 7.4 Roughrider 7.96 9.67 7.02 7.09 7.75 5.05
average 10.4 7.4 7.8
Spring vhe Spring wht
Marshall 18.2 3.87 14.5 2.48 15.6 3.58 1.61  Marshall 20.36 16.09 12.41 16.55 16.82 14.33
Stoa 13.6 7.96 12.7 2.69 11,5 1.48 1.26  Stoa 17.13 10,11 12,63 12,67 11.43 11.63
average 15.9 13.6 13.6
Table 27. The significance of tillage, fungicide, variety and the interactions on wheat moisture at
harvest,
Wheat Till, Rmg, Var, Till x Rung Till x Var Vax x Fung Till x Fmg x Var
------------------------------ significance ---=----------o-cccecononnon-
Winter .099 .383 .057 317 .506 101 434
Spring .684 .376 092 .288 ,686 684 623
Table 28. The effect of fungicide on the Table 29. The effect of tillage on the test weight of -
test weight of wheat at harvest. wheat at harvest. The effects of fingicide
The effects of tillage are are averaged over tillage, n=6.
averaged over fungicide, n-9.
Rmgicide Tillage
fung o fing No Till Chisel  Moldboard
mean stdev  mesn stdev mean stdev mean stdev mean stdev Avg
Crop-Variety -------- by -------- -Variety ------------- by ----cococoecnoooen-
Winter wheat Winter wheat
Bighom 6.9 2.01 54.6 3.02 Bighorm 53.22.99 56.81.57 57.31.64 55.8
Roughrider 60.1 0.55 58.8 0.43 Roughrider 59.7 0.98 59.10.74 59.7 0.68 59.5
average 58.5 56.7 average  56.4 58.0 58.5
Spring wheat Spring wheat
Marshall 59.3 1.12 58.8 1.56 Marshall 58.3 1.41 59.81.41 59.20.98 39.1
Stoa 58.0 1.27 56.9 2.35 Stoa 56.9 2,27 57.8 2.27 57.71.32 57.4
average 59.1 S4.4 average  57.6 58.8 58.4

Table 30, The significance of tillage, fimgicide, variety
and the interactions on wheat test weights at harvest.

Wheat Till., Fung, Var, Till x Fung Till x Var
-------------- significance -----=---------

Winter .035 .013 .00l 501 024

Spring 195 122 021 ,938 ,830
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Table 31. The effect of fungicide on the Table 32. The effect of tillage on the protein content
protein content of wheat at of wheat at harvest. The effect of fungicide
harvest. The effects of tillage are averaged over tillage, n=6.
are averaged over fungicide, n=9.

Rmgicide Tillage
fung o fing No Till thisel  Moldhoard
mean stdev  mean stdev mean stdev mean stdev mean stdev Avg

Crop-Variety ---------- § ------o--- Crop-Variety --------=------ § memmemccmmeeeaeaeaaes

Winter vwheat Vinter wheat

Bighorn 120 1.14 12.3 1.58 Bighorn 13.01.20 11.50.87 11.91.61 12.2

Roughrider 12.9 0.69 12.8 0.72 Roughrider 13.0 0.47 12.40.62 13.10.8 12.8

average 13.0 12.0 12.5

Spring wheat Spring wheat

Marshall 13.3 0.83 13.3 0.9 Marshall 13.50.66 13.51.25 13.00.5% 13.3

Stoa 4.3 0.87 145 0.89 Stoa 146 1.09 14.00.80 145071 14.4

average 144 13.8 13.8

Table 33. The effect of tillage and fimgicide on the protein
content of wheat at harvest, n=3.

Tillage

No Till Chisel Moldboard

fing o fung fing mo fung fung mo fing
Crop-Variety ------sec-cccmomemens § cococcmemmunnmmomcmmnne
Winter wheat
Bighorn 124 136 114 1.7 123 116
Roughrider  13.0 13.1 128 121 13,0 13.2
average 12,7 134 121 119 126 12.4
Spring vheat
Marshall 13,7 133 134 135 128 13.3
Stoa 141 150 143 13.8 144 147
average 13,9 162 139 137 136 140

Table 34. The significance of tillage, fimgicide, variety and the interactions on wheat protein content at

harvest.
Wheat ._lﬁ.m_e;.m_ﬂmgl‘m_xvﬂ_&_m!z__ﬂz_g
Winter .003 .595 .002 044 .020 .103 .022
Spring .79 730 043 791 645 766 L601
Table 35. The effect of tillage on barley yields, moisture, Table 36. The effect of tillage on
protein content, and test weight, n=3. soybean yield and moisture, n=3.
Yield $ moistire % protein test wt yield % moisture
mesan st dav mesn st dev meap st dev mean st dev mean st dev pean st dev
Tillage -- byac -- ---- § <-=- === % ---- -- Ibbu--  Tillage ----byA---- ----- b-esee
No Till 54.6 3.38 5.26 0.59 10.8 0.3¢ 46.2 0.76 No Till 26.4 3.68 92.13 0.23
Chisel 58.5 2.83 5.14 0.40 11.1 0.61 45.8 0.28 Chisel 25.3 1.35 9.38 0.32
Moldboard 57.3 5.52 6.42 6,11 11.3 0.21 46.0 0.86 Moldboard 24.8 1.39 9.65 1.01
Sig. of  ceccccicmnc smicicicen cememceien cccenes Sig. of ecc--ccccee ameeeaao

Tillage (,649) (,899) (,189) (.82) = Tillage  (.540) (.663)
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CONSERVATION TTLIAGE OORN AND SOYBEAN RESEARCH IN SCUTHEASTERN MINNESOTA-1987
J.F. Moncrief, T.L. Wagar, D.D. Breitbach, and J.J. Kuznia

Plots have been established in southeastern Mirmesota to evaluate various conservation tillage strategies
on the well drained loess soils. Plots are large to accomodate growers equippment. At individual
locations plots are sametimes split with treatments to investigate management problems if the opportunity
presents itself. :

Statistics

The statistical significance for main effects of treatments is usually shown in parenthesis next to the
treatment heading in the table (for example-tillage (.100). This rumber can be interpreted as the
probability that differences between averages is due to chance and not the particular treatment (in the
example tillage). In the example tillage is significant at a .100 probability (on a scale from O to 1).
There is 10% chance that this is due to random variability or chance and a 90% chance that it is due to
the different tillage systems being evaluated. Most researchers accept probabilities of .100 or less as
being due to treatments and mot chance for field trials.

As an aid in interpreting the statistical probasbilities reported here it is suggested that ary probability
value .100 or less be accepted as evidence that differences in averages are due to the treatments being
considered and not to chance.

The significance of interactions between variables is usually reported in footrotes below the tables. If
there is a significant interaction between variables it means that the effect of a particular variable is
not constant over the range of a secord varisble.

At Carver county there was o effect of tillage system on com grain yields, Plots were hand harvested to
evaluate yleld losses. During hand harvesting, in an effort to estimate potential harvest loss due to
Burcpean Corn Borer, the dropped ears and stalks broken below the ear were tallied. There was also no
effect of tillage on the number of dropped ears and stalks broken below the ear. The yield loss due to
Buropean Corn Borer losses were subtracted from the hand harvested yield estimste two give yield after this
loss. The final yield estimate at this site was taken with a four row combine by taking the center eight
rows out of each plot. The ridge till system was not conmbine harvested due to stand loss during
cultivation. Yield differences of conbine estimates were also not statistically significant. Our
estimates suggest a Buropean Corn Borer loss of 8 bu./ac. or about 4%. The difference between hand
harvesting and conbine yields was about 14%. This is about 10% after corn borer losses which is about
what is expected.

CARVER (QOINTY

Table 1. Cultural practices at Carver County, MN 1987.

Preceding Crop
Till Plant (No Till) 1985-86 Corn
Ridge Till-ridge formed on June 26, 1987.
Disc Chisel-chiseled on April 29, 1987 and light disced on April 30, 1987. 1987 Crop
Moldboard Plow-plowed on April 29, 1987 and light disced on April 30, 1987. Corn-Pioneer 3737
Ridge, moldboard and disc were cultivated on June 12, 1987.
Planting and Harvest Date
Planting
Crop __Date __Rate _ Harvested_

Corn May 8, 1987 28,000 plants/ac Oct. 7, 1987
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Fertilizer History Fertilizer

Material Actual Material Actual
Analysis N P05 K0 Analysis N P05 K0

Crop (xate) ---- 1b/ac ---- Date Applied Crop rate ---- lb/ac ---- Date Applied

Corn: 82-0-0 180 O 0 May 21, 1986 Corn: 9-23-30 14 35 45 May 8, 1987
(220 lbs{ac) (150 1bs/ac)
9-23-30 14 35 45 May 22, 1986 82-0-0 1s0 O 0 May 13,1987
(150 1bs/ac) (183 lbs/ac)

1. Applied 2" beside and 2" below seed. 1. Applied 2" beside and 2" below seed.

Insecticide-8 1b/ac (1.6 1b/ac) Thimet 20-G applied at planting.

Soil
lester (Mollic Hapludalfs, fine-loamy, mixed, mesic) loam 2 to 6 pervert slopes. Soil is well drained.

Weed Control
3 qt/ac (3 1b/ac) Lasso + 21/, qt/ac Bladex (21/, 1b/ac) applied on May 14, 1987.

Table 2. The effect of tillage on the corn population at harvest on October 7, 1987, n=6.

Iillage
Sig. of No Till Ridge Till Chisel Moldboard
Tillage mean stdev mesn stdev mean stdev mean stdev
----------------- plants/ac x 1000 =--cccvecccacacaan
470 1.53 23,9 1.88 24,4 1,04 235 1.71

Table 3. The effect of tillage on com yleld and moisture at harvest on October 7, 1987.

Tillage

No Till Ridge Till Chisel Moldboard

Sig. of mean stdev mean stdev mean stdev mean stdev

Harvest Method Tillage ------v--cc-ccccccenn- bu/ac -------c-emenooicace.
Hand harvested (starding and dropped ears) n=6 (.769) 181 14.4 184 15,1 187 10.2 188 7.6
Hand harvested (minus dropped ears) n=6 (.685) 174 17.3 173 19.4 182 12.1 180 11.6
Catbine harvested r3 (.320) 157 18.1 N 158 11.4 166 8.2
-------------------- $ moisture -------v-vccceaa..

Moisture (hand harvested samples) nb (,050) 184 08 187 09 182 0.7 173 0.9

This is an establishment year at the Dodge County site. All plots were spring disced. Ridges were
established at cultivation. In the fall, primary tillage was done for the moldboard and chisel plow
systems, There is a suspected compaction problem at this site. For this reason, all plots were split
with a subsoiling treatment also in the fall.
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DONGE_OOUNTY
Table 4. Cultural practices at Dodge County, MN. 1987.

In the 1987 crop year there are only two tillage systems:

Spring Disc - Disced 3 times on April 17, 1987.

Ridge Till - Disced 3 times on April 17, 1987 and ridged on June 10, 1987.
Both were cultivated on June 1, 1987.

No Till - To be established for 1988 crop year.
Chisel Plow - To be established for 1988 crop year.
Moldboard Plow - To be established for 1988 crop year.

1987 Crop Preceding Crop

Com - Pioneer 3732 1985-86 Com
Planting and Harvest Date

A six row John Deere 7000 with 28 inch row spacing was used.

Planting

Crop _Date Rate —Harvested

Corn April 29, 1987 28,000 plants/ac Oct. 6, 1987
Fertilizer

Actual
Material N POs K0
Crop  Analysig Rate ---- lb/ac ---- _Date Applied

Com: 46-0-0 370 lbs/ac 170 O 0 April 16, 1987

7-21-78  10gal/ac 8 2% 8 _April 29, 1987
1. Applied with the seed,

Insecticide
8 1lbs/ac (1.2 lbs/ac active ingredient) Counter applied at planting.

Soil
The soil at this site is a Skyberg (Udollic Ochraqualfs, fine-loamy, mixed mesic) silt loam, with
0 to 2 percent slope. This soil is somewhat poorly drained.

Weed Control
3 qt/ac (3 lbs/ac) Lasso + 2 lbs/ac Atrazine (1.6 lbs/ac) applied on May 6, 1987.

Table 5. The effect of tillage on the comn yield and
moisture at harvest on October 6, 1987, n=3.

Tillage

b/
(.957) 167 3.02 167 1.17
------ $ moisture -------
(.893) 22.8 0.36 22.7 0.74
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At Fillmore county there was a significant effect of tillage and cultivation. The chisel and moldboard
plowed treatments ylelded 5 and 13 bu./ac. more than the spring disc and no till treatments. It is
interesting to mote that the no till plots were not cultivated in 1987. The yield difference is due to
the difference in weed pressure from cultivation in 1985 and 1986.

FILIMRE OOXNTY
Table 6. Cultural practices at Fillmore County, MN. 1987.

Tillage
Till Plant (No Till)
Disc - Fall 1986
Chisel- Fall 1986 with Soil Saver disc chisel
Moldboard - Fall 1986

Cultivation
Each plot is split with one half cultivated and the other half not on May 29, 1987.
1987 Crop Preceding Crop
Com - Pioneer 3737 1985-86 Corn
Planting and Harvest Date
Planter was a John Deere Maxemerge 4 row (38") planter equipped with John Deere row cleaners.
Planting
Crop Date _Rate [Harvested
Corn April 29, 1987 28,100 plants/ac Oct. 8, 1987
Fertilization
1983-injected 5-6000 gal/ac of liquid dairy marure.
— Actual
Material N P05 K0

Crop J.If\ml is _Rate = --- lbs/ac --- Date Applied
Corn: 16-41-81 1251b/ac 20 51 10 May 6, 1985
82-0-0 1% 1lbfac 110 O O May 22, 1985
Comn: 9-23-301 1251b/ac 11 29 38 May 7, 1986
82-0-0 244 1b/ac 200 O O May 22, 1986
1. Applied 2" beside and 2" below seed.

Fertilizer
Actual
Material N P05 K0
Crop —Rate  --- lbs/ac --- _Date Applied
Com: 9-23- 100 1b/ac 9 23 30 April 29, 1987

8200 2321b/ac 190 0 O May 12, 1987
1. Applied 2" beside and 2" below seed.

Soil

Tama (Typic Argiudolls, fine-silty, mixed, mesic) and Downs (Mollic Hapludalfs, fine-silty, mixed,
mesic) silt loams, eroded, 2 to 6 percent slopes. Soil is well drained.

Weed Control
2 qt/ac (2 lbs/ac) Lasso + 21/3 (2173 1bs/ac) Bladex on May 4, 1987.
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Insect Control
6.9 1lbs/ac Counter at time of planting.

Table 7. The effect of tillage and cultivation on
severity of velvet leaf at harvest,
Septenber 25, 1987, n=6.

Tillage( 943)

No Till Disc Chisel  Moldboard
mean stdv mean stdv mean stdv mesn stdv

-----------------

Cult. 3.00 1.00 2.00 0.00 2.00 0.00 1.33 1.15
Not Cult. 4.67 0.58 4.00 0.00 4.00 1.00 4.00 0.00

average 3.83 1.17 3.00 1.10 3.00 1.26 2.67 1.63

Table 8. The effect of tillage and cultivation on
severity of foxtail at harvest,
Septenber 25, 1987, n=6.

Tillage(.030)
No Till  Disc Chisel
mean stdv mean stdv mean stdv mean
severi
Cult. 3.33 1.15 0.00 0.00 0.00 0.00
Not Cult. 4.33 1,15 0.00 0.00 1.00 1.73

average 3.83 1.17 0.00 0.00 0.50 1.22

1. The significance of cultivation was .074 and the
significance of tillage x cultivation was .596.

2. Severity rating:1l-none, 2-slight, 3-moderate,
4-severe and 5-very severe.

Table 9. The effect of tillage and cultivation on
corn yields, Septenber 25, 1987, n=6.

Tillage(,094)
No Till  Disc Chisel

Gult. 160 4.0 163104 171 9.0 167 14.3
Not Cult. 144116 156 0.9 160 8.0 162 8.0

average 152 11.5 160 7.6 166 9.5 165 10.6

1. The significance of cultivation was .043 and the
significance of tillage x cultivation was .349.

2. Severity rating:l-none, 2-slight, 3-moderate,
4-severe ard 5-very severe.

Table 10. The effect of tillage and cultivation on
corn moisture, September 25, 1987, n=6.

Tillage(,010)
No Till Disc Chisel  Moldhoard
mean stdv mesn stdv mean stdv mean stdv
Cult. 22.6 0,71 21.8 0.93 21.11.80 21.8 0.3
Not Cult. 22.2 0.60 21.8 0.87 20.50.55 21.6 0.27

21.8 0.29

average 22.5 0.62 21.8 0.81 20.8 1.23

1. The significance of cultivation was .030 and the 1. The significance of cultivation was .222 and the
significance of tillage x cultivation was .684. significance of tillage x cultivation was .862.

The Steele county site also had a significant effect of tillage on grain ylelds. The till plant
treatments were planted with a six row conservation planter in 1987. Consequently this is an
establishment year for the ridge till treatment. Till plant ridge had the ridges established in 1986.
The till plant flat resulted in the lowest yields. The ridge till and moldboard treatments were
comparable. No till and chisel plowed com ylelds were also comparable. Damage from residual Command
applied on the soybeans in 1986 (see same publication 1987) was affected by tillage (table 12) but mot
correlated with yields (table 15). Tillage effects on plant population in the early season were mot
present at harvest (compare table 12 and 13).
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STFFLE OOINTY
Table 11. Cultural practices at Steele County, MN. 1987.

Slot Plant (No Till)

Ridge Till - Ridges formed on May 28, 1987.

Chisel Plow - Chiseled on April 15, 1987 with a Jolm Deere 8650 then field cultivated with a
Wilrich 42' field cultivator on April 16, 1987.

Moldboard Plow - Plowed on April 15, 1987 with a John Deere 4240 then field cultivated with a
Wilrich 42’ field cultivator on April 16, 1987.

Slot Plant - (No Till) Old parsplow plots.

All plots were cultivated on May 7, 1987.

1987 Crop Preceding Crop
Com - Pioneer 3737 1985-Corn, 1986-Soybeans

Planting and Harvest Date
Planter used on the till plant and ridge till plots was a Hiniker Econmotill planter. The
remaining plots were seeded with a John Deere Maxemerge 7000 eight row (30") planter.

—  _  Planting
Planter Crop Date Rate Harvested
Hiniker Corn  April 16, 1987 26,200 plants/ac Oct. 9, 1987
John Deere Corn April 16, 1987 27,700 plants/ac Oct, 9, 1987

Actual
Material N P05 KoO
Crop Analysis Rate --- lbs/ac --- Date Applied

0-0-60. 250 lbj/ac 0 0 15  Fall 198
Com: 7-21-71  10gal/ac 8 2 8 April 29, 1985
82-0-0 1631b/ac 13 O O May 30, 1985

Soybeans  none
1. Applied with the seed.

Fertilizer
—Actual
Material N POs K0
Crop Analysis _Rate = --- lbs/ac ---  _Date

Cormn: 0-0-60 250 1b/ac 0 O 150 pre-plant 1987
82-0-0 159 1b/ac 130 O 0 June 5, 1987

Soil
Le Sveur (Aquic Argiudolls, fine-loamy, mixed, mesic) clay loam, 2 to &4 percent slopes.
Soil is moderately well drained to scmeshat poorly drained.

Weed Control
2 qt/ac (2 lbs/ac) Bladex + 11/2 pt/ac (11/2 lbs/ac) Dual on April 23, 1987.
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Table 12. The effect of tillage on plant population and population damaged by Command on May 22, 1987.

TILIAGE
Moldhoard (hisel  RidgeTill TillPlant SlotPlant
Sig. of mean stdv mean stdv mean stdv mean stdv mean stdv
Tillage --------c-ccceeee- plants/acx1000 ----------cccecnmn-
Population (.111) 28.7 3.1 25,0 3.9 25.3 3.3 27.9 4.1 24.1 3.8

Damaged  (.000) 0.0 0.0 63.426.5 29.7 39.2 18.011.7 6.8 11.4

Table 13. The effect of tillage on plant populations at harvest on October 9, 1987, n=6.

TIIIAGE (,697)
Moldboard (Chisel RidgeTill TillPlant SlotPlant
pean stdv mesn stdv mean stdv mean stdv mean stdv
------------------ plants/acx1000 ---=--ccocemnccnn-n
2.2 1.3 2.1 0.7 26.4 1.7 27.0 1.0 2.2 1.0

Table 14. The effect of tillage on ears lost due to dropping on October 9, 1987, n=6.

TILIAGE (,195)

Moldhoard (Chisel  Ridge Till TillPlant SlotPlant
mean stdv mean stdv mean stdv mean stdv mean stdv
---------------------- ears/ac ----ecseeemcccacmoaaa.
435275 217 364 580 355 726 449 580 355

Table 15. The effect of tillage on yield and moisture at harvest on October 9, 1987.

TILIAGE _
Moldboard Chisel  Ridge Till Till Plant Slot Plant
Sig. of mean stdev mean stdev mean stdev mean stdev mean stdev

Tillage -----ecececcccccvonanca- bushels/ac --------covmecceeccnne.
(.095) 18 7.2 173104 179 2.2 16611.9 171 5.9
----------------------- $ moisture ---ccccmccmimimncnacnn.

(.166) 12.8 .89 12.6 .51 11.8 .82 12.7 .12 12.9 .75
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The Wabasha county site showed no effect of tillage on either corm or soybean yields. This has been
consistent for four years.
WABASHA OXINIY

Table 1. Cultural practices for Wabasha County, MN in 1987.

No Till
Ridge Till - corn ridge formed on June 8, 1987
- soybeans cultivated June 8, 1987 and ridge formed on July 8, 1987
Spring Disc - following corn disc twice on May 8, 1987
- following soybeans disced once on April 30, 1987
Field Cultivate - April 25,1986 - field cultivator May 8, 1987

Crops Preceding Crops

Corn - Pioneer 3737 1983 - Sweet Clover

Soybeans - Pioneer 1677 1984-86 - Corn-Soybean rotation
Planting and Harvest Date

Planter used on all comn plots was a John Deere Maxemerge six row (30") planter equipped with 2"
fluted coulters. Planter used on no till, spring disc and chisel plow soybean plots was a Kinze
No Till Drill with 10" row spacing. Planter used on spring disc ridge was a John Deere Maxemerge
six row (30") planter equipped with 2" fluted coulters.

Planting
Crop Date Rate Harvested
Corn April 30, 1987 28,000 plants/ac  September 29, 1987
Soybeans May 13, 1987 225,000 plants/ac  September 29, 1987

Fertilization History
Material Actual
Analysis N P05 Ko0

Crop (Rate)  --- lbs/ac --- _Date Applied
All plots except 28-0-0 7 0 0 Mayl4, 198
chisel plow. (7 gal/ac)
Comn: 7-21-7 10 29 10 May 16618, 1984
(12.5 gal/ac)
Com: 7-21-71 20 60 20 May 13, 1985
(25 gal/ac)
Com: 82-0-0 240 0 0 Junel9, 1985
(170 1bs/ac)
Com: 46-0-0 155 O O  April 24, 1986
(337 1bs/ac)
Corn: 9-23-30 15 39 51 May5, 1986
(170 1bs/ac)

1. Placement 2" beside and 2" below seed.
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Fextilizer
—Actual
Material N P05 K0
Crop is Rate
Com: 9-23- 130 1bs/ac 12 30

--- Ibs/ac --- _Date Applied
39 April 30, 1987
Jupe 8, 1987

Corn; 82-0-0 159 1bs/ac 130 O 0
1. Placement 2" beside and 2" below seed.
Soil

Fayette (Typic Hapludalfs, fine-silty, mixed, mesic) silt loam.

Weed Control

Com
11/5 pt/ac (11/, 1bs/ac) Dual + 2175 qt/ac (21/5 lbs/ac) Bladex broadcast with the planter on

April 30, 1987.
Soybeans

1 pt/ac (375 1lbs/ac) Roundup + 1% S\n'facmt: on May 13, 1986.
1 pt/ac (1/2 1b/ac) Basagran + /2 pt/ac ( /8 1b/ac) Blazer + 1 qt oil concentrate on June 11, 1987,
1 pt/ac (1/2 1b/ac) Basagran + 1 pt/ac (2/10 lb/ac) Poast + 1 qt/ac Dash oil concentrate + 1 gal 28%

on Jure 19, 1987.
Soil Test

Table 16. Soil test results for corn to be planted
following soybeans on April 16, 1987.

Tillage
Sig. of No Till Disc Ridge Chisel Avg
Nutrient Tillage --------- Ibs/ac -------e-----
NH4-N  (.579) 4 4 4 3 4
NO3-N (.429) 29 29 36 28 30

Total-N (.443) 3 3 W 31 34
P (.256) 64 58 57 54 58
K (.833) 220 209 204 201 208

Table 18. The effect of tillage on soil cover by
soybean residue on Jure 3, 1987, n=8.

InRow 43.016.9
Between 59.5 15.1

Table 17. Soil test results for soybeans to be
planted following com on April 16, 1987.

Tillage
Sig. of No Till Disc Ridge Chisel Avg
Nutcient Tillage --------- Ibs/ac ------==-ene-
NN (.772) 4 4 4 4 4
NO3-N  (.499) 16 16 22 18 18

Total-N (.571) 20 20 2 2 22
P (.602) 62 66 67 60 64
K (.075) 215 187 200 177 195

Table 19. The effect of tillage on soil cover by
com residue on June 3, 1987, n=8.

1. The significance of tillage in-row was .000;
between-row was .001.

1. The significance of tillage in-row was .001;

between-row was .000.
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Table 20. The effect of tillage on population of corn and soybeans on June 3, 1987, n=16.

'H‘Hggg

Chisel

Sig. of mean st dev mean st dev mean St dev mean st dev

Crop  Tillage ----------------- plants/ac x 1000
Com (.7601 26 43 27 21 27 24
Soybeans (.000%) 117 32.1 143 30.2 147 23.5

27 2.8
173 17.1

1. The significance of mo till, spring disc, and chisel till.

Table 21. The effect of tillage on visual weed
rating at harvest for corn on
Septenber 29, 1987, ne4.l

Tillage

No Till Spring Disc Ridge Till Chisel
Sig. of mean stdv mean stdv mean stdv mesn stdv
Tillage
(1.000) 1.00 .00 1.00 .00 1.00 .00 1.00 .00

Table 22, The effect of tillage on visual weed
rating at harvest for s on
Septenber 29, 1987, n=4.

Tillage
No Till Spring Disc Ridge Till Chisel
Sig. of mean stdv mean stdv mean stdv mean stdv
Tillage
(1.000) 1.75 .96 1.75 .50 1.75 .50 1.75 .50

1. The visual rating used is as follows; l=None,

2=Slight, 3=Moderate, &4=Severe and S5=Very Severe.

Table 23, The effect of tillage on corn ylelds and

moisture at harvest on September 29, 1987,
n=4.

Tillage

No Till Spring Disc Ridge Till Chisel
Sig. of pean stdv mean stdv mean stdv mean stdv
.Iillage
(.267)

(.080) 21.5 .5 20.5 1.0 20.8 .9 19.8 .7

Lillage

1, The visusl rating used is as follows; 1<None,
2=8light, 3Moderate, 4=Severe ard 5Very Severe.

Tsble 24. The effect of tillage on soybean yields
and moisture at harvest on September 29,
1987, n=4,

Til]ggg
No Till Spring Disc Ridge Till Chisel
Sig. of mean stdv mean stdv mean stdv mean stdv
n bu/ac
(.472) 60.9 2.8 58.4 2.5 56.95.9

59.4 3.3

(.156) 11.1 4 115 .4 109 .7
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TILIAGE EFFECTS ON OORN AND SOYBEAN PRODUCTION IN THE CLEARWATER RIVER WATERSHED
MEEKER, STEARNS, AND WRIGHT ORINTIES, 1987

J.F, Moncrief, D.D Breitbach, J.J. Kuenia, W.C. Stienstra, and M. Kells

Following is a sumary of the results of tillage demonstrations in the Clearwater River Watershed in 1987.
This is a joint effort by the following organizations: Clearwater River Watershed District, Soil ard Vater
Conservation Districts, Soil Conservation Service, Mimmesota Pollution Control Agency, and the Mirmesota
Extension Service. Technical expertise has been provided from academic departments of the College of
Agriculture, University of Mimmesota. Cooperation from Richard and Ken Kuechle, Richard Eckman, and
Lyndon and Earl Jolmson in Meeker, Stearns, and Wright County respectively, is greatly appreciated.

The purpose of this demonstration is to evaluate various conservation tillage systems under the soil and
climatic corditions of the Clearwater River Watershed. It is hoped that by providing dbjective scientific
data to growers, they can consider tillage systems that fit their situation and provide erosion control
that will maintain water quality in the watershed. The 1987 growing season was very dry (sbout 6 inches
below normal). Two of the three tillage demonstration sites are on droughty soils ard yields were low.

The Meeker county site is located on a camplex of Delft clay loam, Koronis fine sandy loam, and Marcellon
loam. The plots are located on a side slope and probably receive moisture which flows along the glacial
till contact below the soil. For this reason this site showed the least effect of the dry weather
conditions. A comn-soybean rotation is demonstrated at this site.

Soil test values are shown in tables 2 and 3 for the com and soybeans respectively. There was asbout 30
1bs NO3 + NHj-N/acre in the top 8 inches in April following both corn and soybeans. Soil test P and K is
in the mediun range. These are Bray 1 analysis for phosphorus. Because this is a high pH soll (greater
than 7.4), the Olsen test would be more relisble for fertilizer recammendations, Following com the soil
test is lower when moldboard plowing is done. This has been cbserved at other sites. Two thinds of the K
taken up in corn is left behind in the stover. When it is not incorporated with tillage it is
concentrated at the soil surface and results in a higher soil test. Tillage did not have a significant
effect on soil test K following soybeans due to cne third less crop reside. Frosphonss did mwt result in
significant tillage effects. Three fourths of the P that is taken up by the corn is removed with the
grain,

The soil covered by residue is shown in tables 4 and 5 for corn and soybean residue respectively. There
is more soil cover following corm than soybeans. The in row soil cover (4 inches centered on the row) is
related to early corn growth due to changes in soil temperature. The between row soil cover is more
related to control of sediment and phosphorus losses. In row soil cover that is less than 208 will likely
not affect corn growth due to reduced soil temperatures. All the tillage systems demonstrated except the
no till have in row cover that is 20% or less, Although cover by corn residue (planted to soybeans) is
greater than 20%, soybeans are mot sensitive to its effects. The early soybean and com growth and
population is shown in tables 6 and 8 respectively.

The ridge till corn has over one half more leaf growth than the other systems. The no till and ridge till
cormn geminated sooner and is much less variable than the systems that had fall primary tillage (chisel
and moldboard plow). This is due to more moist soil conditions at planting and better seed to soil
contact. The detrimental effects of cloddy conditions with the chisel and moldboard plowing was more
important to early corn growth than the presence of crop residues over the row area in 1987. About one
month later there was no difference in com growth due to tillage (table 10). Soybean growth was not
affected by tillage. Soybeans are much less sensitive to changes in soil temperature due to the presence
of crop residue than corm due to the location of the growing point (sbove the soil surface) and later
planting date. There was a slight reduction in soybean population with the chisel ad m till systems but
would not be expected to affect yields.
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There were very few weeds at this site (tables 7 and 9) and were unaffected by tillage. At these levels
weeds would not be expected to affect corn or soybean growth or ylelds.

There was a measurable effect of tillage on K uptake on the June 26 date (table 11). Systems that
eliminate primary tillage result in lower K uptske. This can be minimized by the application of row
fertilizer at planting. One month later differences due to tillage had disappeared (tzble 12). There was
an effect of tillage on ear leaf N concentrations.

Moisture stress was measured on June 26 and July 24 (tables 13 and 14). There was 1o measursble effect of
tillage at this site on moisture stress and levels were relatively low. There was a significant effect on
stress by position on the landscape. The corn that was down slope showed lower levels of stress.
Moisture stress levels at this site were low. Apparently corn is fed fran noisture moving firan upslope at
this site.

Grain ylelds are shown in tables 15 and 17 for corn and soybeans respectively. There was ro differerce in
yield due to tillage for either crop. Landscape position effects are showm in table 16. The early
differences in corn growth did not effect yields. There was adequate growing degree days to mature all
treatments and small differences in early growth due to tillage did result in grain yield differences.

There was no effect of tillage on soybean yields at this site. This is consistent with data from other
sites, There is an average 5 bu/acre response to row applied phosphorus with the drill. Research that
supports banded P applications for soybeans is scarce. This is an ideal method of application to minimize
entry into surface waters. Since the soil at this site tends to be wet in most years it was decided to
evaluate crop residue effects on fungicide response for control of phytophthora root rot. There was mo
advantage to a planter/drill applied fungicide at planting.

MEFKFR OOUNTY

Table 1. Cultural practices at Meeker County MN. 1987.

No Till

Ridge Till-Corn ridges were formed on June 27, 1987 and soybean were formed on July 7, 1987.
Chisel-All plots were chiseled on October 29, 1986.

Moldboard-All plots were moldboard plowed on October 28, 1986.

Preceding Crop
Corn-soybean rotation since 1978.

1987 Crop
Corn-Pioneer 3737

Soybeans-Pioneer 1677

Planting and Harvest Dates
Planting
—Crop Date Rate Harvested
Corn April 28, 1987 28,100 plants/ac  September 30, 1987
Soybeans  May 5, 1987 242,200 plants/ac  September 30, 1987
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Fertilizer History-Prior to 19871

Actual
Material N P05 K0
Crop  Analysis Rate --- lbs/ac --- Date Applied
Com: 82-0-0 1831bsfac 150 0 O Spring

4-15-402 250 lhs/ac 10 38 100  Planting
1. This is based on an interview with the cooperating farmer.
2. Planter placement 2" beside and 2" below row.

Fertilizer-1987
Actual
Material N P05 K0
__ngp_ Analysis __Rate --- lbs/ac --- _ Date Applied
4-15-40 300 lbs/ac 12 45 120 October 27, 1986
7-21-71 17 gal/ac 13 40 13 april 28, 1987
82-0-0 1591bs/fac 130 O O  May 15, 1987
Soybeans  4-15-40 300 lbs/ac 12 45 120 October 27, 1986
046-02 451bsfac 0 21 O  May 5, 1987
1. Planter placement 2" beside and 2" below row.
2. Drill soybeans were split with row fertilizer vhich was surface
barxled ahead of and incorporated by the fluted coulters.

Rmgicide Seed Treatment
Drill soybeans were split with Ridomil 5G at a rate of 6.1 lbs/ac (1/3 1b ai/ac).

Soil
The soils present at this site are as follows: 29% of plot area is Delft (Cumilic Haplaquolls, fine-
loamy,mixed, mesic) clay loam, 43% is Koronis (Mollic Haplaudalfs, fine-loamy, mixed, mesic) fine
sardy loam, and the remaining 28% is Marcellon (Aquic Argiudolls, fine-loamy, mixed, mesic) loam.

Weed Control
Corn
3 qt/ac (3_lbs/ac) Lasso + 21/5 qt/ac (21/, 1bs/ac) Bladex on May 2, 1967.
2 gt/ac (11/2 1bs/ac) Roundup spot sprayed on no till plots on May 2, 1987.

%/2 pt/ac (3/, Ib/ac) Bassagran + 1 pt/ac (L/s Ib/ac) Poast + 1 qt/ac crop oil + 1 gal 28% on

Jure 8, 1987,
Table 2. Soil test results for com following Table 3. Soil test results for soybeans following
soybeans on April 7, 1987. corn on April 7, 1987.
Tillage Tillage
Sig. of No Till Ridge Chisel Moldhoard Avg Sig. of No Till Ridge Chisel Moldboard Avg
Nutrient Tillage --------- lbs/ac -------cccecmca-- Mutyient Tillage <----~--- lbs/ac ----c----scco-ue-
NH, - N (327 9.0 7.5 8.8 9.1 8.7 Ni4-N- (.740) 9.9° 105 10.6 11.0 10.5
NO3- Nl (.896) 21.0 22.3 20.2 25.9 22.4 ND3-N1 (.433) 120 206 16.1 18.9 16.9
Total-N (.845) 30.0 29.8 29.1 351 31.0 Total-N (.436) 21.9 31.2 268 299 27.4
(.862) 21.2 25.2 27.9 22.8 2.4 (.262) 26.0 206 32,7 23.7 255
K (.258) 182.7 177.6 173.1 146.2 169.9 K (.016) 208.7 2349 200.1 173.1 204.2

1. ‘These values are for 8 inch samples. 1. Thes values are for 8 inch samples.
2. Bray 1 phosphorus (this soil has a pH of 7.5). 2. Bray 1 phophorus (this soil has a pH of 7.5).
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Table 4. The effect of tillage on soil covered by com Table 5. The effect of tillage on soil

residue on May 27, 1987, n=16.
May 27, 1987, n=16.

covered by soybean residue on
May 27, 1987, n=16,

Tillage! Tillagel
No Till Ridge Till Chisel Moldboard No Till Ridge Till Chisel Moldboard
mean stdv mean stdv pean stdv mean stdv mean stdv mean stdv mean stdv mean stdv
Cormn Residue --<---evsceuee- % COVEr -------cecnmnn- Soybean Residue ---c-c-ccec-- $ cover -------------
In row 45 16 35 24 35 11 8 5 Inrow 29 17 20 14 10 8 3 3

Betweenrow 43 22 39 17 29 1 7

5 Betweenrow 24 11 22 16 10 8 2 3

1. Significance of tillage for all positions
relative to the row was .000,

Table 6. The effect of tillage on soybean

growth stage and population on

May 27, 1987.

Tillage

No Till Ridge Till chisel Moldhoard
Sig. of mean stdv mean stdv mesn gtdv pean stdv
Tillage ------------ growth stage® ----c-occove-
(.3%6) 2.3 6 2.4 .7 22 .7 24 .6

---------- plants/ac X 1000 ---cecccnan
(<.000) 225 48 163 8 223 61 240 51

1. Soybean growth stages are as follows:
l=emergence (Ve), cotyledons above soil surface;
2=cotyledon (Vc) unifoliolate leaves unrolled
sufficiently so the leaf edges are not touching;
3=first node, fully developed leaves at
unifoliolate nodes and 4=second node; fully
developed trifoliolate leaf at node above the
unifoliolate node

Table 8. The effect of tillage on corn growth
stage and population on May 27, 1987.

Til

No Till Ridge Till Chisel Moldboard
Sig. of mean stdv mean stdv mean stdv mean stdv

Tillage ----------- leaves/plam:l -------------
(001 33 5 3.8 .4 3210 3013
--------- plants/ac x 1000 ----c-------

(.092) 37.4 4.3 37.72.7 36.62.9 34.36.3

1. Com leaves are tallied as full leaves when
leaf collars are visible.

1. Significance of tillage for all positions
relative to the row was .000.

Table 7. The effect of tillage on weed severity in
soybeans on May 27, 1987.

Tillage
No Till Ridge Till Chisel Moldhoard

Weed Tillage ----------c----- % COVEL -------=reeeen
Foxtail -- 0.3 0.5 0.0 0.0 0.0 0.0 0.0 0.0
Horsetal (.473) 1.5 7.1 6.812.2 5.0 4.2 1.0 1.2
Quackgrs -- 0.3 0.5 0.0 0.0 0.0 0.0 0.0 0.0
Lanbqut -- 0.3 0.5 0.0 0.0 0.0 0.0 0.0 0.0
VolCorm (.436) 0.3 0.5 0.8 1.5 0.0 0.0 0.0 0.0
Ragweed (.436) 0.0 0.0 0.3 0.5 0.0 0.0 0.0 0.0

1. Due to uneven variances, a natural log
transformation was used for significance.

Table 9. The effect of tillage on weed severity in
corn on May 27, 1987.

Iillage
No Till Ridge Till Chisel Moldboard

Weed Tillage --------------- § cover --------------
Horsetal (.436) 0.3 0.5 1.5 1.7 0.0 0.0 0.3 0.5
Quackgrs (.685) 1.3 0.5 3.8 4.5 2.0 2.7 1.5 1.3
VolSoyb (1.00) 0.3 0.5 0.3 0.5 0.3 0.5 0.3 0.5
Milkweed -- 0.0 0.0 0.0 0.0 0.3 0.5 0.0 0.0
CandThis -- 0.0 0.0 0.0 0.0 0.0 0.0 0.3 0.5

1. Due to uneven variances, a natural log
transformation was used for significance.
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Table 10. The effect of tillage on com Table 11. The effect of tillage on whole plant
plant weights, June 26, 1987. N and K on June 26, 1987.
Tillage (,400) Tillage
No Till Ridge Till Chisel Moldhoard Sig. of No Till Ridge Chisel Moldboard
mean stdv pean stdv meap stdv mesn stdv fgm__watimn_hezs -------- % per plant ---------
-------------- grams/plant ------------ (.364) 2,73 2,75 2.78 2.92
28.36.6 24.53.1 29.52.9 31.58.4 K (.050) 1.83 1.9 2.66 2.63
Uptake @ = --c-e- milligrams/plant ------
N (.226) 768 676 817 %03
K (.008) 524 465 785 818

Table 12. The effect of tillage on ear leaf concentration
of N and K on July 24, 1987.
Tillage
Stg. of NoTMI) Ridge Chisel Holdboard

Nutvient Tillage -------eeceeeees § -commonmmmmnees
N (.091) 2.86 2.73 2.81 3.00

K (.736) 1.52 1.48 1.72 1.60

Table 13. The effect of tillage on corn leaf water potential Table 14, The effect of aspect on corn
on June 26, =4 and July 24, 1987 n=8. leaf water potential on
June 26, and July 24, 1987.

Tillage

No Till Ridge Till ¢hisel Moldboard Direction
Sig. of mean stdev mean stdev mean stdev mean stdev South North
Date Tillage --------=-=-snnn- T Y Date  Sig, --- (-bars) ---
June 26 (.829) 8.2 2.7 84 20 88 18 7.9 24 June 26 <.000 9.9 6.7
July 24 (.404) 6.0 1.8 75 1.7 7.0 1.8 7.3 2.2 July 24 139 7.4 6.4

Table 15. The effect of tilla,fe on corn yields, Table 16. The effect of aspect

Septenber 30, 1987. on com yield on
Septenber 30, 1987.
Tillage

No Till Ridge Till Chisel Moldhoard —Direction
Sig. of mean stdev mean stdev mesn stdev mean stdev South North
Tillage ---------cc--ocom-ee bu/ac ---------cccceomn-- Date ---- bu/ac ----
(.176) 189120 179 7.0 187 9.1 189 20.7 Septenber 30 184 190
----------------- % moisture ------------cc--- - % moisture --
¢(.311) 199 9 2.6 .8 215 1.9 21.2 1.8 .21 21

1. The soils at the Meeker County site for the corn area
are, 60% Koronis fine sandy loam, 258 Marcellon loam
and 15% Delft clay loam.
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Table 17. The effect of tillage, starter and fungicide on soybean grain yields for 1987, 4,1

Tillage
No Till  Ridge Till Ghisel  Moldboard
Treatment® mean stdev mean stdev mean stdev mean stdev
Starter Pugicided -------------o-zooe- bu/ag -----sseseeseeesesas
™o o 51 3.9 50 41 51 35 52 4.3
no yes 46 3.9

yes no 54 8.1 57 49 58 1.8
yes yes 54 2.9 58 4.0 57 10.7

1. The soils at the Meeker County site for the soybean area are, 20% Koronis fine sandy loam,
20% Marcellon loam and 60% Delft clay loam.

. The significance of tillage without starter or fingicide is .896.

. The significance of fimgicide is .178 for Ridge Till.

. The significance of tillage and starter without fungicide and with or without starter is .408 and
.011 respectively. The significance of the tillage x starter interaction is .550.

5. The significance of tillage and fungicide with starter and with or without fungicide is .360 and

.977 respectively. The significance of the tillage x fungicide interaction is .886.
6. The application rate of starter was 21 lbs/ac P205, fungicide rate was 6.1 lbs/ac Ridomil.

SN

The Stearms County site is located on a complex of Fairhaven silt loam, Estherville sandy loam, and
Hawick sandy loam soil. The soil at this site is very droughty. Data collected from this site are shown
in tables 18 to 32. Corn was grown after soybeans in 1987, The soil cowered by sopbean reside was lower
in the row for all tillage systems (planter equipped with sweeps) although it is high enough to effect
early growth and stand establishment in the no till system (table 19). The variability of the stand in
the no till treatment was much higher than the other tillage systams (table 20) and affected grain yields.
This was the result of slippage of the coulter-gauge wheel on the planter that drives the planter units
ard in row crop residue.

Residue and starter fertilizer effects on early growth are showm in table 21 and 24. Most of the berefit
to row fertilizer is achieved with a low rate and the response is larger for the conservation tillage
systems. On May 29 it was noticed that the lower leaves were fired on the plots that did mot receive row
fertilizer at planting (table 22). The plants did not show these symptoms on the June 26 sampling date.
Lower leaf necrosis was also affected by tillage. The authors don’t have an explanation for these
cbservations,

The dominant weeds at this site are lambsquarter and giant foxtail. Chisel and moldboard plowing resulted
in the highest density of foxtail and the lowest density of lambsquarter (table 23). These observations
were made before cultivation (May 29). All plots except the no till were cultivated. A banded
application of lasso was used for weed control. Weeds probably affected corn yields in the no till plots
only.

Tissue levels and uptake of N, P, and K on June 26 are shown in tables 25 and 26, respectively. Ear leaf
concentrations are shown in table 27. Nitrogen and potassium were lower with the conservation tillage
systems on the June 26 date. There were higher levels of phosphorus with conservation tillage. Starter
fertilizer reduced nitrogen content due to dilution. Table 26 shows large increases in uptake of all
three mutrients due to starter fertilizer addition. A tillage by starter interaction occured with
potassium uptake that illustrates the importance of row applied K on this soil when using conservation
tillage. Ear leaf concentrations of K suggest that even at the higher rate of starter fertilizer there
wasn’t enough available for the conservation tillage options. This illustrates the value of dry starter
fertilizer on these soils that allows higher analysis of K and probebly would overcome this tillage
induced K deficiency. This factor probably influernced grain yields.
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Plant moistuwre stress is shown in tables 28 and 29. There is a significant berefit of reside in redring
moisture stress. Starter fertilizer increased moisture stress. Moisture stress is correlated with dry
matter production on June 26. This reflects moisture depletion by the larger plants. The July 24
moisture stress measurements still show a tillage and starter fertilizer effect.

Ridging effects on grain yields in a dry year were evaluated (tables 30 and 31). Ridge till plots were
split with a cultivation split. There was no apparent effect in ridging on grain yields. Grain yields
and moisture for all tillage treatments are shown in tasble 32. The greatest response to row fertilizer
ocaurred with the no till corn. Yields were lower with this system de to stad variability, in row cover
by crop residue, and nitrogen losses. Plant tissue analysis (data mot shown) shows a reduction in
availsble nitrogen with no till com. Nitrogen was applied as wurea-ammonium nitrate solution at
cultivation. All treatments were cultivated except the mo till which had the nitrogen solution surface
banded between the rows. 'The decrease in yield with starter fertilizer application when corm was grown
with moldboard plowing is probsbly due to the increased moisture stress with this treatment conmbination.
Due to the lack of residue and the hastened development, com was probably subjected to higher levels of
moisture stress at silk emergence . Corn showed higher moisture stress earlier in the season and it
persisted longer with this treatment. Starter fertilizer may also have encouraged shallow rooting which
had lower soil moistire levels in the absence of crop residues.

STEARNS COUNTY
Table 18. Cultural practices at Stearns County, MN. 1987,

No Till

Ridge Till

Chisel-Plots were chisel plowed, and then disced on April 28th.
Moldboard-Plots were moldboard plowed, and then disced on April 28th.

Preceding Crops
The cropping history at this site is as follows: 1981-red clover and oats, 1982-corn, 1983-soybeans,
1984-corn, 1985-corm, 1986-soybeans.

1987 Crop
Corn - Johnson SX 490 a single cross 100 day hybrid.

Planting and Harvest Dates
Ridge till plots were planted with a four row Buffalo Till planter equipped with 12" sweeps at a
38" row spacing. All other plots were planted with the sweeps raised.

Crop Date _Rate Harvested
Com April 29, 1987 22,100 plants/ac  September 22, 1987
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Fertilization History-Prior to 19871
The fertilization history at this site is as follows: 1981-none, 1982-low rate of dry starter,
1983-1ow rate of starter and 0-0-60, 1984-4 gal/ac of 9-18-9 only, 1985-60 lbs/ac of N and 4 gal/ac
of 9-18-9, 1986-all plots were split with and without a row fertilizer treatment at plantirg as in the
table that follows.
—Actual

~ Material N P05 K0
m%_s _Rate  Tillage = -- lbs/ac -- Date Applied
SoybeansQlB 4gal/ac Ridge Till 4 8 4 May 16, 1986
0-0-602 90 lbs/ac AllOthers O O 54 May 16, 1986
1. This information is based on an interview with the cooperating farmer.

2. Planter placement 1" below the seed.
3. Potash was surface banded ahead of and incorporated by the fluted coulters.

Fertilizer
All plots were split with three Nitrogen was applied as a split application of liquid 28% at
fertilizer treatments at planting. the rate of 11 gal/ac (33 lbs/ac actual N) on all plots by
the method listed below.
Material Actual
Analysis N Py0s Ko0 Method of
Crop (Rate)  --- lbsfac -- Date  Tillage Application
Com 9-1891 0 0 o Jmel  NoTill Surface dribble
(0 gal/ac) ab/RT  Incorporated while cultivating
9-18-91 4.7 10 4.7 Jure 25  No Till  Surface dribble
(4.9 gal {ac) b Incorporated while cultivating
9-18-9 9.3 18.59.3 Ridge Incorporated while ridging
(9.7 gal/ac)

1. Planter placement 1" below the seed.

Soil
The soils at the Stearns County site are Fairhaven (Typic Hapludolls) loam which is well drained on
54 percent of the plot. On 36 percent of the plot Estherville (Typic Hapludolls) sandy loam which is
somevhat excessively drained is present. On the remaining 10 percent of the plot Hawick (Entic
Hapludolls) loamy sand is present, this soil is excessively drairned. The slope average for all three
soils is 2.5 percent with the the highest being 4 percent.

Weed Com:rol
4 /2 1bs/ac { .675 1b ai/ac) Lasso II gpplied in a 10 inch band at planting.
/2 pt/ac (/4 1b ai/ac) 2,4-D Amine on May 19, 1987.

Table 19. The effect of tillage on percent of the soil Tble 2. The effect of tillgge on population
surface covered by soybean residue on of corn on May 29, 1987, r=l6.
May 29, 1987, r=16.

TILIAGR(,417)

TILIAGE? No T{1l  Ridge Till Chisel Moldboard

No Till Ridge Till Chisel Moldboard  mean stdev mean stdev mean stdev mean stdev

mean stdey mean stdev mean stdev mean stdev = -----eec------- plants/ac x1000 --------eoeuu--

Location --=---~--=ccuereccans § ~-cmemeccemnaccncceea- 19.1 4,98 20.7 1.97 20.1 1.49 20.6 1.81
InRow 30.018,9 16.7 9.7 225140 5.0 3.7
Between 77.517.9 61.713.5 32.517.2 5.5 3.5

1. Significance of tillage for both positions relative
to the row was less than .000.
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Table 21. The effect of tillage and starter on growth Table 22. The effect of tillage on the mmber

stages of corn, May 29, 1987, n=40. of damaged leaves on plants, May 29, 1987, n=8.
1bs/ac TILIAGE(<, 000) TILIAGE(,079)
starter!  No Till Ridge TI11 Ghisel Moldhoard No Till Ridge Till Chisel Moldhoard
Fertilizer mean stdv mean stdv mean stdv mean stdv Avg  meap stdv mean stdv mean stdv mean stdv Avg
N PoOg KoQ ----von-menean leaves/plant «----------evecaceniaaaoctaiiaaenn..- percent damage --------------
0 O 0 3.62 .38 4.22 .16 4.23 .25 4.30 .29 4.09 25.321.6 229 21.4 19.912.2 9.812.919.5
5 10 5 3.97 .47 4,17 .41 4.33 .26 4.40 .42 4,22 10.525.7 0.0 0.0 0.0 0.0 0.5 1.5 2.8
10 20 10 4.04 .45 4.22 .51 4,33 .40 4,35 .30 4.23 4.8 99 2.2 45 0.6 1.6 06 1.7 2.0
average 3.88 .46 4.20 .38 4.30 .31 4.35 .34 13.521.3 8.416.0 6.812.3 3.7 8.5
1. The significance of starter was .001 and the . 1. The significance of starter was .000 and the
interaction of tillage x starter was .002. interaction of tillage x starter was .542.

Table 23. The effect of tillage on weed growth, by visual cover on May 29, 1987.

TILIAGE,
No Till  Ridge TI11  Chisel Moldboard
Sig. of mean st dev mean st dev mean st dev mean st dev

Weed Tillage ~----==--eccceece- percent Cover --------==-==--c--
Quackgrass 4,2 0.9 2.2 09 0.8 0.9 0.0 0.0
Milkweed 0.0 0.0 0.2 05 0.0 0.0 0.0 0.0
Foxtail (.000) 1.2 0.5 1.5 0.6 10.0 4.1 8.0 8.1
Lambquarter (.002) 4.7 2.9 4,7 2.6 1.2 0.9 0.2 0.5
Russisn Thistle 0,7 1,5 0,5 06 0,0 0.0 0.2 0.5
Table 24. The effect of tillage on dry matter production, June 26, 1987, n=4.

Ibs/ac TILIAGE(,000)

starterl  No Ti)1 Ridge Till  Chisel Moldboard
Fertilizer mean st dev pean st dev mean st dev mean st dev Avg
N BpQ5 KpQ ---o-emeemnnozeseos grams/plant. -------c---nmzeeeoo-
0 0 0 11.5 3.45 16.2 4.72 22,6 5.51 31.5 5.

5 10 5 20.8 1.20 24.2 .799 26.5 4.65 34.2 3.9 26.4
10 20 10 22.2 2.04 269 2,98 30.1 3.80 36.8 8

average 18.2 5.40 22.4 5.58 26.4 5.31 34.2 6.16

1. The significance of starter was .000, the interaction of tillage x starter was .024.
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Table 25. The effect of tillage on whole plant
concentration of N, P, and K on June 26, 1987.

lbs/ac TIIIAGE

Table 26. The effect of tillage on plant
uptake of N, P and K, Jure 26, 1987.
TILLAGE

Starter No Till Ridge Till Chisel Moldhoard
Fertilizer mean stdv mean stdv mean stdv mean stdv Avp

N PyO5 Ko -------------- % Nitrogen --------e-csesnmmmas
0 0 0 2.47 .49 2,60 .48 2.31 .43 2.29 .15 2.42
5 10 5 2.03.23 2.67 .51 2.04 .16 1.99 .35 2.18
10 20 10 1.77 .16 2.51 .21 2.06 .24 1.88 .11 2.06
Sig.1(.002) =-cocoomrmmmer e
average  2.09 .42 2.60 .39 2.14 .30 2.05 .28

N Bo0s KgQ -------=-=n-ee % Phosphorus -------ccceeen----
0 0 0 .43.09 .39.04 .3%.01 .37.05 .39
510 5 .3 .04 .38.04 .37.02 .32.08 .35
10 20 10 .39 .09 .35.10 .39 .07 .33.02 .37
§1g.1(.050) <coccommmceme e
average 39 .07 .38 .06 .37 .04 .34 .05

N Py05 KgQ -=--mnmmmmmmme % Potassium -----v-eammnmeooees
0 0 0 .98.10 1.08.24 1.15.18 1.90 .70 1.28
510 5 1.15.21 1.07 .09 1.17 .18 2.10 .29 1.37
10 20 10 1,15 .35 1.20 .14 1.13 .20 1.57 .29 1.2
T IEL L0 .0) T

ave 09 .23 85

1. The significance of tillage; the significance of
starter for N was .0ll, P was .140 and K was ,281.
The tillage x starter interaction on N was ,435,
P was .391 and K was .111.

No Till Ridge Till Chisel Moldboard
mean stdv mean stdv mean stdv mean stdv Avg

------- milligrams Nitrogen/plant -----------

288 99 420143 S18 124 720 96 486
420 25 650143 543 107 666 92 570
394 5L 674 84 624117 691 160 596
$1g.1(.002) -=-emmecmecsmmiienaaas

367 84 582 165 692 111

------ milligrams Phosphorus/plant ----------

50 18 63 14 8L 20 114 12 77
7% 5 92 9 97 16 107 19 92
8 14 % 21 119 25 120 25 105
Sig.1(.014) --cccememeel
70 20 83 20 99 25 114 19

------- milligrams Potassium/plant ----------

114 3% 181 87 265 97 622 337 296
240 49 258 27 312 81 721 152 383
257 87 323 51 33 27 571155 372
TR (R0 01)

04 8 81 304 74 637 219
1. The significance of tillage; the
significance of starter for N was ,015, P was
.002 and K was .003. The tillage x starter
interaction on N was .103, P was .419 and K
was 045,

Table 27. The effect of tillage on earleaf concentration of N, P ard K on July 24, 1987.1

lbs/ac TITIAGE
Starter Sig. of No Till Ridge Till (hisel Moldboard
Fertilizer Tillage mean stdev mesn stdev mean stdev mean stdev Avg
N P05 K9Q (<.000) --cececcccmcnncnan- % Nitrogen ------<--c-ccoovveeee
0 0 O 222 15 2.42 .06 237 .13 242 .03 2.36
5 10 5 202 .21 244 24 215 17 2,17 .09 2.2
10 20 10 1,94 .18 238 .09 239 06 250 .35 2.30
average 206 .20 2.41 .10 231 .16 2.36 .24
N PoOs KoQ (.017)  --ececoccmccnnnnn. % Phosphorus ------cceccacaaaaaa.
0 0 O .28 .05 .35 .07 23 .12 24 .07 .27
5 10 5 .27 .05 32 .06 V27 .02 .20 .08 .26
10 20 10 6 .09 32 .06 26,03 25 .08 .27
average 93 .10 1,10 .07 1.00 .07 1.0 .13
N P05 K9Q (<.000) ------c-comeanon-- % Potassium ---------cceeaooaaas
0 0 O .48 .18 47 .19 .65 .17 95 . 64
510 5 47 .12 .53 .09 .67 .19 108 .21 .69
10 20 10 .50 .12 72 .33 25 14 .98 24 .74
average 48 .13 O7 .24 69 .16 1,01 .25

1. The significance of starter for concentration of N,P and K was .014, .933 and .292 respectively.
The signiifcance of the tillage x starter interaction for N, P, and K was .158, .74l and .6%4
respectively.
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Table 28. The effect of tillage on plant leaf water
potential on June 26, 1987.1

Table 29. The effect of tillage on plant leaf
water potential on July 2, 1987.1

1bs/ac TILIAGE (.003) TILIAGE (.046)

Starter  No Till Ridge Till Chisel Moldboard No Till Ridge Till Chisel Moldboard
Fertilizer meap stdv mean stdv mean stdv pean stdv Avg  mean stdv meap stdv mean stdv mean stdv Avg
N P05 KgO --------ecmmnnen- (-bars) ---c-eeceecmecmencoceeiccccooo e (-bars) -------cocooe----
0 0 0 30 21 3.1 1.2 45 3.0 58 1.3 4.4 6.3 1.6 71 1.8 6.9 1.8 7.9 2.3 7.0
10 20 10 55 22 41 6 59 30 7.8 29 5.8 80 1.2 93 23 7.5 1.8 9,2 1.4 85
average 4,2 24 3.6 1.1 52 3.0 6.8 2.4 71 16 82 23 7.2 1.8 8.6 2.0

1. The significance of starter was .00l and the
significance of tillage x starter interaction
was .370.

Table 30. The effect of cultivation and ridging
on comn yield on Septenber 22, 1987,

2.
1bs/ac
Starter Sig. of Ridged  Not Ridged
Fextilizer Qultivation meap st dev mig.\gs_@
N P05 K0  (.852)  -------- ac™ --e-----
0 0 O 81.6 12.8 93.3 9.6
51 5 90.1 16.9 87.3 1.9
10 20 10 90.5 22.2 91.9 8.5

1. The significance of starter fertilizer was .521;
the significance of the interaction of
cultivation x starter fertilizer was .497.

Lo

The significance of starter was .000 and
the significance of tillage x starter
interaction was .632.

Table 31. The effect of cultivation and ridging
on corn harvest moisture on
Septenber 22, 1987, n=2.

1bs/ac

Starter Sig. of Ridged Not Ridged
Fextilizer Oultivation mean st dev st dev
N POs Ko0  (.399)  ------ % mosture” ------
0 0 O 2.5 0.6 210 1.0
5 10 5 20.6 2.2 20.8 2.0
10 20 10 20.1 1.6 21.0 0.3

1. The significance of starter fertilizer was
.383; the significance of the interaction of
tillage x starter fertilizer was .692.

Table 32. The effect of tillage and starter fertilizer on comn yield and harvest moisture on

Septenber 22, 1987, n=4.

1bs/ac TILIAGE
Starter Sig. of No Till  Ridge Till  (hisel  Moldboard
Fertilizer Tillage mean stdev mean stdev stdev mean stdev Avg
N P05 K0 (.000)  -------occocmocmencae act -----=e-ecccccoomocaonooo-
0O 0 O 49.5 8.4 81.5 12.7 88.4 12.8 1048 10.2 81.3
51 5 74.3 12.0 90.1 16.9 9.0 100 9.4 7.7 8.8
10 20 10 80.4 7.5 905 221 1009 84 9.4 11.9 911
average 68.1 16.4 87.4 16.6 9.5 11.0 9.6 11.0
NPyO5 KgO (.012) =-eemmmesmcmmmococene % moisture? -------seemmmmmnnaan--
0o 0 O 233 1.3 25 06 218 09 29 11 221
5 10 5 20.6 0.8 205 2.1 186 2.1 194 0.0 19.8
10 20 10 19.7 1,3 2.1 15 190 16 189 1.2 19.4
average 21.3 19 211 1.8 199 21 19.7 1.3

1. The significance of starter fertilizer was .010; the significance of the interaction of

tillage x starter fertilizer was .002.
2. The significance of

tillage x starter fertilizer was .780.

starter fertilizer was .000; the significance of the interaction of
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Data collected at the Wright County site are shown in tebles 33 to 43. Soil cover by crop reside is shon
in tables 3% and 35. There is generally more residue after corn than soybeans. In row cover by soybean
residue is less than 20% for all but the no till system. Crop residue would have a minimal influence on
corn growth. In row cover by soybean residue is less than 203 for all but the ro till system (tzble 38).
Similart:otheMeekersite,higwrinrowcoverbycomresiduemﬂ.dalsomteffectsoybemgrowm
(tsble 36). Erosion control would be marginal with chisel plowing after soybeans and not adequate with
moldboard plowing after either crop. Comn stands were higher with the ridge till system. This is due to
more moist soil at planting and better seed to soil contact than the moldboard and chisel plowing options
(table 38). Stand reduction with the mo till treatment is due to in row crop residue (50%, table 35).
The effect of tillage on early growth was similar to the Mecker comty site. Ridge till comn was ehead of
the other treatments and less varisble in growth. ‘

There were no significant weed problems in the soybeans (table 37). Tillage did effect the weeds in the
corn. Lanbsquarter was the dominant weed and there were higher densities in the no till and ridge till
systems. These observations were made before ridging. There was also an application of 2,4-D on May 30
(tzble 33). The lanbsquarter probebly affected yields at this site.

Grain yields are shown in tsble 41 and 42 for soybeans and corn respectively. There is no difference in

soybean yields due to tillage if the row spacing is the same. Ridge till soybeans were 8 bu/acre less
than the narrow row soybeans (30 and 8 inches). Other research shows that the row spacing response by

soybeans is greater in dry years. It is interesting that there was mo row spacing response by the
soybeans at the Meecker site. Last year there was no row width response at the Wright county site.

In two years at this site the average row width response was 3.6 bu/acre (about $18.00/acre at $5.00/bu).
This cost would offset the cost of a conservation tillage drill. The cost of incorporating a preplant
incorporated herbicide would be roughly equivalent to two cultivations with a ridge till cultivator. If
primary tillage was also used costs would be higher than a ridge till system. Herbicide cost also would
have roughly the same (banded preemerge for ridge till compared to preplant incorporated with spring
discing). So a spring disc system with narrow rows would be roughly the same profitability as a ridge
till system. Systems with primary tillage or no tillage would be less profitable for soybean production
based on tillage and herbicide costs, ard ylelds. It must be remenbered that the specific ciramstarce of
the individual’s enterprise is the determining factor as to the profitability of amy system.

Corn ylelds were higher with the moldboard and chisel plowing systems. Nitrogen was applied sidedress as
arhydrous amonia. Starter fertilizer was applied as 8-23-30 at 150 lbs/acre. Ear leaf tissue samples
taken at silk emergence did mot show any nutrient concentration differences that would explain these yield
differences (table 40). There was early lambsquarter competition in the o till and ridge till treatmerts
vhich likely explains part of the reduction in yield with these systems. It is probable that the early
growth by corn grown with the ridge till system (table 38) resulted in a longer period of moisture stress
ard possibly at silk emergence which may explain the yield reduction with this system.

WRIGHT OXNTY
Table 33. Cultural practices at Wright County, MN. 1987.

No Till
Ridge-Corn was ridged on June 17, 1987 and soybeans were ridged on June 23, 1987.
Chisel-All plots were chiseled on November 6, 1986,
Moldboard-Corn plots were light disced then all plots plowed on October 16, 1986.
Both the chisel and moldboard were split by cultivation. The com was cultivated on May 29, 1987 and

June 17, 1987 and the soybeans on June 6 and 23, 1987. Durirg the first cultivation ridge plots were
done also.
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Preceding Crops
Corn-soybean rotation since 1982.

1987 Crops
Corn - Pioneer 3737 Soybeans - Pioneer 1677

Planting and Harvest Dates
Soybeans-Ridge till plots were planted with a John Deere Maxemerge planter equipped with Buffalo Till
ridge cleaners with 10" sweeps. All other plots were planted with a Tye No Till drill with 8" row
spacing equipped with 2" fluted coulters.
Com-Ridge till plots were planted with a John Deere Maxemerge planter equipped with Buffalo Till

ridge cleaners with 10" sweeps. All other plots were planted with the John Deere Maxemerge
planter but the sweeps were raised.

—  Plating
Crop Date Rate Harvested
Corn May &, 1987 29,700 plants/ac  October 8, 1987

Soybeans May 4, 1987 225,000 plants/ac  October 8, 1987

Fertilization History-Prior to 19871
Since 1983 both com and soybeans received 100 to 150 lbs/ac of a 5-12-36 fertilizer applied with the

planter. Prior to that only the corn received fertilizer with the planter. 1986-com was fertilized
as follows:

—Actual
Material N P05 K0
Crop _Apalysis  _ Rate  --- lbs/ac --- Date Applied
Com: 8-23- 140 1bs/ac 11 32 42 May 2, 1986
28-0-03UAN 37 gal/ac 110 O O June 13, 1986 ~

1. This information is based on an interview with the cooperating farmer.
2. Planter placement 2" beside and 2" below row.
3. Surface banded between rows.

Fertilizer-1987
—Actual
Material N P05 K0
Crop .__EIAMI is __Rate --- lbs/ac --- Date Applied
Corn: 8-20-321 140 lbs/ac 11 28 45  May 4, 1987
82-0-0 183 Ibs/ac 150 O 0 June 15, 1987
1. Planter placement 2" beside and 2" below row.

Soil

Fairhaven (Typic Hapludolls, fine-loamy over sandy or sandy-skeletal, mixed, mesic) silt loam, 2 to 6
percent slopes, moderately eroded. Soil is well-drained.

Weed Control
Comn
2 qt/ac (2 Ibs ai/ac) Lasso + 11/, qt/ac (11/5 1bs ai/ac) Bladex on May 4, 1987 with planter.
1/, pt/ac (1/, B ai/ac) 2,4-D on May 30, 1987.

Soybeans 1 1
1 pt/ac (1/5 1b ai/ac) Basagran + /fpt/ac(/i]bai/ac) Blazer + 1 pt/ac crop oil on May 25, 1987.

1 pt/ac (/9 1b ai/ac) Basagran + */4 pt/ac (*/16 b &i/ac) Blazer + 1 pt/ac (/19 1b ai/ac) Foast + 1
qt/ac Dash crop oil + 1 gal 28% on Jure 8, 1987. :

~
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Table 34. The effect of tillage on percent of the
soil surface covered by corn residue on
June 1, 1987, n=16.

Location -------==~=e=-n-- % COVEY -=--=---o---oeoe
InRow 61.033.3 20.021.5 44.029.4 5.7 9
Between 60.0 29,3 47.7 22.4 46,7 27.0 55 9

Table 35. The effect of tillage on percent of the
soil surface covered by soybean residue
on June 1, 1987, n=16.

TILLAGE (<,000)
No Till Ridge Till (Chisel Moldboard
mesn stdv mean stdv pean stdv mean stdv
- location --cee-m-cccca—- $ COVRr ----------cccceon
.5 InRow 49.523.3 7.2 9.8 4.5 9.6 1.7 3.2
.2 Between 78.2 19.0 31.2 20.4 19.710.5 2.5 5.2

Table 36. The effect of tillage on soybean
population and growth stage,
Jure 1, 1987, n=8.
TILIAGE
No Till Ridge Till cChisel Moldboard

1000 plants/ac

229 49 161 21 2?7 38 257 23
s

24 7 24 5 3.0

Sig. of

(.000)

(.174)

1. Soybean growth stages are as follows:
l=emergence(Ve), cotyledons above soil surface;
2=cotyledon(Vc) unifoliolate leaves unrolled
sufficiently so the leaf edges are not touching;
3=first node, fully developed leaves at
unifoliolate nodes and 4=second node; fully
developed trifoliolate lead at node sbove the
unifoliolate nodes.

Table 37. The effect of tillage on weed population in
soybean on Jure 1, 1987.

TILLAGE,
No Till Ridge Till Chisel Moldboard

Weed Tillage -----------u--- % COVer ---------ce----
Purslne (.132) 0.1 0.3 0.4 0.5 0.0 0.0 0.0 0.0
Lambqurt (.436) 0.3 0.5 0.5 0.6 0.1 0.3 0.0 0.0
Foxtail (.124) 3.8 0.9 7.0 3.6 4.5 2.1 8.0 3.4
Milkweed (.583) 2.8 3.2 1.1 1.9 1.8 1.7 1.3 0.9
Ragweed (.034) 0.1 0.3 0.4 0.3 0.0 0.0 0.0 0.0
VolCorn (.264) 0.0 0.0 0.6 0.9 0.4 0.3 0.1 0.3
Quackgrs (.461) 1.8 2.0 2.8 2.2 3.3 1.9 4.5 4.0
PeryCres (.021) 2.5 2.4 3.5 1.3 0.4 0.5 0.4 0.5
ShepPurs (.001) 1.5 1.9 4.0 1.2 0.0 0.0 0.0 0.0
Buclehet (.436) 0.8 1.5 1.3 2.5 1.0 2.0 0.5 1.0

Table 38. The effect of tillage on corn population and growth

stages on June 1, 1987, n=8.
TILIAGF,

No T{ll  Ridge Till  (Chisel

Moldboard

Sig. of mean st dev mean st dev mean st dev mean st dev

----------------- 1000’s plants/ac -------=--=eecuoan
(.046) 27.1 3.9 30.7 2.1 28.3 2.0 27.4 1.4

------------------ leaves/plant ~-----c-cccceceamana-
(.252) 3.8 .3 4.3 .4 3.6 .9 36 1.0
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Table 39, The effect of tillage on weed population in
corn on June 1, 1987,

TIIAGE

No Till Ridge Till Chisel Moldhoard

Sig. of mean stdv mean stdv pean stdv mean stdv
Weed Tillage
Roslre (.088) 0.0 0.0 03 03 00 00 0.0 0.0
Labqut (.006) 23.0 17.1 25.0 12.9 43 09 6.6 6.5
Befl (4 03 03 04 03 10 14 08 Q5

Table 40. The effect of tillage on earleaf
tissue concentration of nitrogen
ard potassium on July 24, 1987.

TILIAGE,
Sig. of NoTill Ridge (hisel Moard pvg
Mutrient Tillage ----==----- L Lt
N Wn 23 237 23 233 248
K (98) 2.2 23 235 2% 2.3

Milkweed (.308) 0.4 0.5 0.3 0.3 0.5 1.0 0.1 0.3
Pigweed (.436) 0.0 0.0 0.0 0.0 0.1 0.3 0.1 0.3
Ragweed (.327) 0.0 0.0 0.1 0.3 0.3 0.3 0.0 0.0
VolSoyb (.436) 0.5 0.0 0.6 0.3 0.8 0.3 0.4 0.3
Quackgrs (.308) 0.3 0.5 1.3 1.9 0.0 0.0 0.1 0.3
PenyCres (.522) 0.8 0.9 0.1 0.3 0.4 0.5 0.6 0.9

Table 41. The effect of tillage on soybean yields
ard moisture at harvest, October 8, 1987,

No Till

% moisture
4 7.0 .5 7.0

4074003

P L T R PP

(.561) 7.2

Table 42. The effect of tillage on corn
yields and moistire at harvest,
October 8, 1987, r=8.
TILIAGE
No Till Ridge Till ¢Chisel Moldboard
Sig. of mesn stdv mesan stdv mean stdv mean stdv

----------------- ac L N ]
(.034) 106 10.4 110 25.3 12316.3 121 21.7
-------------- % moisture --------cccecen-
(.136) 16.1 2.7 153 1.5 4.3 .8 142 1.4

Table 43, The effect of cultivation with chisel and moldboard plow on
corn yields and moisture at harvest, October 8, 1987, n=4.

TILIAGE
Chisel Plow Moldhoard Plow

cultivated  pot cult  cultivated  pot cult
Sig. of mean st dev mean st dev @stg mesn st dev
Tillage --------ess=-==ccem=s- DU/aCT cememmcmcmmccccceonanes
(.798) 127 9.7 119 219 125 2.3 119 19.8

------------------- % moisture? -------cemccemeanaao-
(.511) 4.2 08 115 08 140 1.8 146 1.3

1. The significance of cultivation was .366; the significance of the interaction of

tillage x cultivation was .719.

2. The significance of cultivation was .040; the significance of the interaction of

tillage x cultivation was .349.
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TILLAGE, NITROGEN, CORN HYERID, SOYBEAN VARIETY, AND SOYBEAN SEED TREATMENT EFFECTS
ON YIELDS AT MORRIS, LAMBERTON, AND WASECA MN.-1986 AND 1987

J.F. Moncxief, W.E. lueschen, S.D. Evans,
W.C. Stienstra, W.W. Nelson, J.H. Ford, J.A. Staricka, G.W. Randall, and J.H. Orf

This is sumary of a study initiated in 1986 to evaluate: the effect of tillage on nitrogen response by
com following soybeans and soybeans responding to residual soil nitrogen following comn; the effect of
tillage on the perfommance of cormn hybrids and soybean varieties; and the effect of tillage and soybean
variety on the response to seed treatment with fungicides. This study is being conducted at the Morris,
Lamberton, and Waseca Agricultural Experiment Stations. A comn-soybean rotation is being followed.

Tillage ranges from fall plowing with a moldboard, chisel, or paraplow or elimination of primary tillage
(ridge till or no till systems). The paraplow is a unique type of subsoiler that leaves the surface
relatively undisturbed but lifts the soil more than a corventional subsoiling operation. The tillage is
reduced following soybeans in two treatments since less crop residue is being mamaged. The
moldboard/chisel plow system is moldboard plowed following corn and chisel plowed following soybeans. The
chisel/no till system is chisel plowed following cormn and no tilled following soybeans. Only the ridge
till plots were cultivated. Nitrogen was spring applied as arnhydrous ammonia. Nitrogen rates at
Lanberton and Waseca range from O to 200 lbs/acre in 40 lbs/acre increments. Rates were from 0 to 120
Ibs/acre in 40 lbs/acre increments at the Morris location. In the second year of the study residual N
from the previous corn year were evaluated. There were no discernable influence of residual N on soybean
yields (data not presented). The corn and soybean hybrid or varieties are the same at the Lanberton and
Waseca locations. Different hybrid or varieties were used at the Morris location due to the shorter
season.

RESULTS-1986
Gom

There was one out of six studies that resulted in significant tillage effects on grain ylelds (Hllage and
hybrid study at Morris, table 1). The chisel plowing treatment was an average of 7 bu/acre less than the
other systems at this site. At the other two sites there were no significant differences in corn yields
due to tillage. There were also significant hybrid effects at all locatias (tzble 2). Nitrogen resporse
by corn is shown in table 3. Responses were to 40, 120 ad 120 for the Lavberton, Waseca ard Morris sites
respectively. The Lamberton site showed a significant tillage by N rate interaction. The paraplow
treatment was "yield limited" by some other factor at about 80 lbs N/acre.

Soybeans

There was a tillage effect on soybean yields at the Morris and Waseca sites. The ridge till system
resulted in a yleld reduction of 3 and 5 bu/acre for the Morris and Waseca sites respectively. There was
also a tillage by variety interaction at two sites (.130 and .009 at Lamberton and Waseca respectively).
These interactions are shown in Figure 1. Yield reductions with this system were mxch greater with the
Elgin variety (especially at Waseca). There was a wide range in soybean yield due to variety, There was
a 10 bu/acre reduction between the high and low yielding variety at the waseca site.

Soybean seed treatments resulted in a slight yield reduction at the Morris site, a slight yield increase
at the Waseca site with one source of seed treatment and no response at the Lamberton site (table 7).
There was a significant variety by seed treatment at the Lamberton site however. Same varieties
positively and some negatively (table 8) to seed treatments resulting in a non significant main effect of
seed treatment. These interactions are shown in Figure 2.
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Table 1. The effect of tillage on corn yields following soybeans

1986, Location
Morris Lamberton Waseca

oropt T DV Avg, D DN Ay, D TN Aw  Ag
[0 B B bt Bu/acre---eeemmomcccmcciaaaiicaaas
NI NT 140ab 142 141 123 155 139 135 137 136 139
RTRT l4la 140 141 122 161 142 137 139 138 140
CHNI 140sb 141 140 117 158 138 141 138 140 139
MBCH 130b 136 133 117 160 139 13% 135 135 136
P PP l4la 9 46 133 136
Sig. .09l .915 643 217 422 .49

1. Tillage is different following corn and soybeans in some cases.
Tillage follows the crop listed in the heading and are:NT-no till,
RT-ridge till, CH-chisel, MB-moldboard, and PP-paraplow.

2. This is the tillage by hybrid study, ylelds are averaged over
hybrid, n=20.

3. This is the tillage by nitrogen study, yields are averaged over

Table 2. The effect of com
hybrid on grain yields, n=20,

Location

Morris I.nbtn—l_w_gs__ca
lybrid Bu/acre Hybrid -Bu/acre--
P39%06 1370 P3737 124a 157a
K XI8 122¢ P3732 131la 138¢
IK 461 146a IK 524 111b 146b
F 4211 135b  SC2410 120ab 130d
P3 149a  F 4327 11%b 11%
Signif. <.000 010 <.000

1. The tillage by hybrid study did
not receive nitrogen at this site.

Table 4. The effect of tillage and
N rate on ylelds-Lamberton, 19861,
N rate (lbs/acre)

nitrogen rates, n=16 and 20 for Morris and the other two sites

respectively,

Table 3. Nitrogen response by com

following soybeans, 1986.

Nitrogen Rate (1b/acre)
0 40 80 120 160 200

ILocation
MorrisI(<.000) 114 139 149 156

LibrtnZ(<.000) 131 155 157 161 165 167
Wasecar(<.000) 82 123 147 153 154 157
1. The hybrid at the Morris location
was P 3970, n=16. The nuber in

parenthesis is the p value.

2. The hybrid at the Lanberton and
Waseca locations was P 3737, n=20.

Table 5. The effect of tillage
on soybean yields following

corn, 1986, n=96.
location

Crop! Morris Ibrtn, Waseca
CoSb --ee---- Bu/acre--------
NT NT 45.2a 47.3 44.5a
RTRT 42.0b 47.1 39,55
QI NT 44.3ab 46.5 45.6a
MBCH 45.5a 47.7 45.9a
PP PP_45.3a  48.8 43.6a
sig. .055 .205 .011

1. Tillage is differenct fol-

lowing corn and soybeans in some
cases.

0 _40 _80 120 160 200
NINT 127 159 157 163 158 170
RI/RT 127 163 162 182 159 177
NI/CH 136 155 159 167 169 161
MD/GH 127 162 156 173 169 170
PP/PP__ 137 138 154 142 151 156
1, The significance of tillage, N
rate, and the tillage by N rate
interaction is .217, <.000, and
.098 respectively.
2. The letter before the slash
is following corn and the second
following soybeans: NI-no till,
RT-ridge till, CH-chisel,
MD-moldboard, and PP-paraplow.

Table 7. The effect
of seed treatment on

Table 6. The effect of variety on soybean
yields following corn, 1986, n=60.

soybean ylelds, 1986,
Location n=160.
Morris Inbrtn, Waseca " Location

Variety Bu/acre Variety ----Bu/acre---- Morris Imbrt Wsca

P 0877 45.8a Corsoy79  47.5bc 42.9d4 Rmg, ----- acre-----
Simpson 45.9a BSR 101 46.1c 46.6ab nmone 44.9a 47.1 43.D
BEvans 44.9a A 1937 47.7bc 47.3a Captan 44.42b 48.1 44.8a
AP 120 40.7c Sibley 47 .8bc 43.0d Apron 44,1b 47.2 43.4b
swift 42.3b Elgin 42.3d 37.4e sig. .088 .390 .029
Dassel 45.2a Hardin 49.7sb 45.0bc
Dawson 46.0a P 1677 51.5a 44.3cd
Hodg,78 45,0a Hodg.78 47.0c_ 43,9cd
Signif. <.000 <.000 <.000
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Table 8. The interaction between variety and
seed treatment at Lamberton and Waseca, 1986.
tion
Lubrtn (<,000)! Waseca (<,0000*
Ione cptn ap  Dope cptn apm

Variety  ------------ Bu/acre-------=-----
Corsoy79 47.9 47.6 47.0 42.7 43.0 42.9
BSR 101  45.7 47.2 45.6 47.3 45.5 47.0
A 1937 48.7 47.7 46.8 48.3 47.5 46.0
Sibley 48.0 47.6 47.8 43.2 42.4 43.5
Elgin 38.8 45.8 42.4 32.2 43,9 36.1
Hardin 49.9 49.6 49,7 45,7 45.8 43.5
P 1677 51.7 51.8 51.1 41.8 45,8 45.2
8 46.347.547.4 2

1. The rumber in parenthesis is the significance
of the variety by seed treatment interaction, n=20.
See table 7 for main effects of seed treatment.

-1987
Corn

Tillage affected grain ylelds at all but the tillage by hybrid study at Morris and are sumarized in table
9. There was a yield decline with the no till and paraplow treatments at the Morris and Waseca locations.
The fall chisel plowing treatment resulted in the highest grain yield at the Lamberton location. There
were also significant main effects of corn hybrid at the Morris and Waseca location but mot at Lamberton
(table 10). The nitrogen response is shown in table 11. There was no response to nitrogen at the Morris
site. Corn responded to the 40 and 80 lbs/acre rate at the Lamberton and Waseca sites respectively.

There was no interaction at any site between tillage and N response. Tillage did interact with corn
hybrid at the Morris site (table 12). The ridge till response to the P 3906 and DK XI8 was similar in
arother study at this location with com grown after corn (sister study reported in this publication).

Soybeans

Tillage effects were not consistent in their effect on soybean ylelds but the trend was for the ridge till
system to result in a small yield advantage and the paraplow treatment a small yield reduction (table 13),
There were significant variety effects at all locations (table 14). The Swift, Dawson, and Hodgson 78
were the highest yielding varieties at the Morris location. Asgrow 1937 and Hardin were the high yielding
varieties at the Lamberton and Waseca sites. Evans and Sibley were the lowest ylelding varieties at the
Morris and Lamberton and Waseca sites respectively.

There was a significant tillage by soybean variety interaction in the tillage-soybean-nitrogen study at
the Lanberton and Morris sites (p value of <.000 and .042 respectively for the tillage by variety

interaction). These interactions are shown in figure 3. At the Lanberton site the BSR 101 and Hodgson
varieties were consistently lower yielding across the tillage systems evaluated. The Hardin and Asgrow
1937 reversed ranking depending on tillage system. Hardin was higher yielding when grown with chisel or
paraplowing, about the same with ridge tillage or moldboard plowing and lower yielding than the Asgrow
vhen grown with the no till system. At the Morris location the Hodgson 78 was higher yielding when grown
with ridge tillage or moldboard plowing and about the same as the other varieties with the other tillage
systems, The consistent trend at both locations is the similarity between ridge till and moldboard
plowing in the variety response. There was no advantage with seed treated with fimgicide at any site
(table 14) regardless of tillage.
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Teble 9. The effect of tillage on com ylelds following soybeans,

1087. Ipcation

rris Lamberton Waseca
Crop! P Avg, T TN Avp, DH DN Avg,  Awe.
CopSb ---mmemecmoiccaccccaea. Bu/acre----=--=-ecacccemacccccoaaaa.

NTNT 122 114 118 133b 131a 132 1484 132> 140 130
RTRT 131 133a 132 130bc 121b 126 158ab 140ab 149 136
GHNT 135 128a 132 13 119 126 15lcd 147a 149 136
MBCH 128 132ab 130 142a 132a 137 16la 150a 156 14l

PPPP_ 129 115b 122 126c 114b 120 154bc 140ab 147 130

Table 10. The effect of com
hybrid on grain yields, 1987, n=20.
Location

Morris Lobtn Wsca
Hybrid Hybrid -Bu/acre--
P3906 137a P3737 127 159
DK XI8 123¢ P3732 131 158a
DK 461 136a DK 524 133 147
F 4211 122¢  SC2410 135 162a
P3790 127b F 4327 138 146b

sig. .158 .017 .001 .003 .005 .022

1. Tillage is different following corn and soybeans in some cases.
Tillage follows the crop listed in the heading and are:NT-no till,
RT-ridge till, (H-chisel, MB-moldboard, and PP-paraplow.

2. 'This is the tillage by hybrid study, ylelds are averaged over
hybrid, n=20.

3. This is the tillage by nitrogen study, ylelds are averaged over
nitrogen rates, n=16 and 20 for Morris and the other two sites

respectively.

Table 11, Nitrogen response by corn
following soybeans, 1987.
Nitrogen Rate (1b/acre)
_0 40 80 120 160 200
Iocation = =------- Bu/acre--------
Morrisl(.456) 120 123 127 121
Lnbrtn2(.068) 112 125 128 127 121 127
Wasecan(<,000) 10} 132 153 150 159 153
1. The hybrid at the Morris location
was P 3970, n=16. The mumber in
parenthesis is the p value.
2. The hybrid at the Lamberton and
Waseca locations was P 3737, n=20.

Signif. <.000 .396 <.000

Teble 12. The effect of tillage and
hybrid on yields at Morris, 1987.
__Tillagel(,158)
NA RR CAN M/C B/P Avg.

P 3906 128 142 132 142 141 137
K XI8 122 115 132 111 134 123
IK 461 121 141 147 134 135 136
F 4211 126 122 130 117 116 122

P 3790 115135 134 134 119 127
Average 122 131 135 128 129

1.Tillage is different following
com ard soybeans in some cases.
The letter before the slash is
following corn and the second
following soybeans: N-mo till,
R-ridge till, C-chisel,
M-moldboard, and P-paraplow.

2. The tillage by hybrid inter-
action was significant at .068.
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Table 13. The effect of tillage on soybean yields following corn in 1987.

1ocation
Morris Lanberton Waseca

Cropl TxUxs? TvW Avg, TxVxS T Avg, DS TGN Ave, AVE.
nSh -ccccmcmmmmmceeemceccana- Bu/8Cre------===c--scsccsscecacacaconna=
NI NT 42.3 39.5ab 40.9 39.3 42.3 40.8 42.0 43.6eb 42.8 41.5
RTRT 42.7 40.9a 41.8 38.7 444 41.6 424 44.2a 43.3 42.2
CHNI 42.2 38.1sb 40.2 39.5 43.6 41.6 42,3 41.5b 41.9 41.2
MBCH 41.2 39.0ab 40.1 38.8 44.6 41.7 42.0 43.0ab 42,5 4l.4
PPPP 390 369> 380 370 424 397 426 41.4b 42,0 39.9
Sig. .417 .100 338 .623 956 .056

1. Tillage is different following corn and soybeans in some cases.
Tillage follows the crop listed in the heading and are:NI-no till,
RT-ridge till, GH-chisel, MB-moldboard, and PP-paraplow.

2. This is the tillage by variety by seed treatment study, yields are
averaged over varieties and seed treatment, n=64 for the Morris site and
96 for the other two sites.

3. This is the tillage by variety by nitrogen study, yields are
averaged over varieties and nitrogen rates, n=16 and 20 for Morris and
the other two sites.

Table 14. The effect of variety on soybean yields following corn, 1987.
location

Variety ----- Bu/acre------ Variety
P 0877 41.7ab 38.4c 40.1 Corsoy79 38.7c --- 38.7 41.7bc 41.7
Simpson 41.7ab 39.3b 40.5 BSR 101 37.1d 41.0b 39.1 43.5ab 42.4b 43.0
Evans 38.4b 36.8d 37.6 A 1937 43.6a 45.9a 44.8 44.7a 43.6ab 44.2

AP 120 39.7b ---  39.7 Sibley 34.0f --- 34.0 39.2c ---  39.2
Swift 43.7a --- 43.7 Elgin  37.2d --- 37.2 4l.3bc --- 413
Dassel 39.1b ---  39.1 Hardin 42.8a 46.8 44.8 43.5ab 45.1a 44.3
Dewson 43.5a --- 43.5 P 1677 40.3b --- 40.3 44.9a --- 449
8 43.9a 41 5 8 3 b 37.9 39.0c 39
Signif. .008 <.000 <.000 <.000 <.000 <.000

Table 14. The effect
of seed treatment on
soybean yields.
Location
Mors Imbt Wsca
Rug, ---Bu/acre----
none 41.3 37.8 42,2
Captan 41.4 38.8 42.5

Apron 41,7 39.4 42.1
Sig. .443 .189 .704

1. This is the tillage by variety by seed treatment study, ylelds are averaged

over tillage and seed tyeatment, n=60.

2. This is the tillage by variety by nitrogen study, yields are averaged over
tillage and nitrogen rates, n=80 and 120 for Morris and the other two sites

respectively.
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Figure 1. The interaction of soybean variety and tillage system, 1986.
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THE EFFECT OF TILIAGE ON THE NITROGEN RESPCNSE BY CORN FOLLOWING ALFALFA
J.F. Moncrief, M. Wiens, D.D. Breitbach, and J.J. Kuznia

A study was initiated in 1987 to evaluate the effect of tillage on the nitrogen response by com folloving
alfalfa. When crop residue is left on the soil surface temperatures are reduced that can affect the rate
of mineralization of organic nitrogen in alfalfa residues. The purpose of this study is to help refine
the nitrogen reconmendations following alfalfa to address tillage effects. Tillage ranged firom moldboard
plowing to o till. Nitrogen was applied on June 16 as broadcast urea and irrigated in.

Crown counts were made in the spring to determine the variability of alfalfa stand (table 2). Tillage
treatments have not been estsblished at this time. There was no correlation between the proposed
randomized tillage and nitrogen plots and alfalfa crown density. Soil cover by crop residue after
planting is shown in table 5. Soil cover by crop residue ranged from about 10% with moldboard plowing to
over 90% with no tillage. Although emergence was affected by tillage, final stands were quite good and
mot effected by tillage (tsbles 3 and 14). The difference in emergence due to tillage resulted in about
one day difference in silk emergence (table 4) and one half to ae percent differerce in grain moistare at
harvest (table 12). The effect of tillage on crop phenology during early growth is shown in table 15.
Generally in row soil cover by crop residue retarded early growth. During the May 27 to June 1 period
there was emergence of additional plants in the moldboard plow treatment that brought its average leaf
nunber down temporarily. On June 16 nitrogen was applied as broadcast urea and irrigated in. Between
June 8 and June 16 apparently the no till system was limited by less nitrogen released from the alfalfa,
After nitrogen application mo till comn grew faster than the other systems. During the last week of
observation the no till corn appears to be limited by nitrogen (these values are averaged over all rates
of nitrogen, including the check plots). For a fair evaluation of crop residue effects on temperature
only the plots that received nitrogen should be used in the analysis after this date.

Weeds were present in low rwbers and affected by tillage in some cases (table 6). Foxtail tended to be
higher in the no till and disc treatments and lambsquarters higher with moldboard plowing. At these
levels they would not be expected to affect grain yields. On July 9 weeds were wiped with a Roundup wick
applicator. There were no weeds present at harvest,

Row fertilizer was applied with the planter (tsble 1) and included 16 Ibs N/acre. Additional nitrogen was
applied as broadcast urea and irrigated in at the eight leaf stage of comn growth. Nitrogen was less
available with conservation tillage options. Color ratings vhich qualitatively evaluate tillage are shom
in tables 7 and 8. There were main effects of tillage and nitrogen rate on plant color and also plant
height (tables 7,8,9, and 10). An interaction between tillage and nitrogen rate on plant color was found
on the July 3 date. These data support the yleld differences shown in table 11. At the 102 1b N/acre
rate of nitrogen there was no affect of tillage on grain ylelds. At lower rates differences became much
greater. Similar trends are shown with the stover data (table 13).

Table 1. Cultural practices at Staples Irrigation Center, Wadena County, MN. 1987.

Previous Crop 1987 Crop
No Till Alfalfa Com - Pioneer 3790
Spring Disc - Plots disced twice on May 8, 1987.
Moldboard Plow - Plots plowed on May 8, 1987.

Planting and Harvest Date
Planter for this site was a John Deere Maximerge planter equipped with 2" fluted coulters.
—  Plenting
Crop Date Rate Harvested

Corn May 11, 1987 32,000 plants/ac October 1, 1987
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Fertilizer Actual

Material N P05 K S
—Rate ~ ---- lbs/ac ---- Date Applied
17-7-23-61 93 1bsfac 16 6 21 6 May 11, 1987
46-0-02 0 lbs/ac 0 0 00 Jumel6, 1987
46-002  751bsfac 35 0 0 0 Jume 16, 1987
46-0-02 1461bsfac 67 O O O June 16, 1987
46-0-02 221 lbs/ac 102 O 0 0 June 16_1987

1. Planter applied 2" below and 2" beside row

2. Broadcast as urea and irrigated in.

Soil
The soil at this site is a Verndale (Udic Argiborolls, coarse-loamy, mixed)
with a slope of O to 2 percent. The soil is well drained.

Weed Control
1 qt/ac (%/y 1b/ac) Roundiap + + 1z pt/ag (125 Ib/ac) Barvel on May 2, 1987.
1 qt/ac (2 lb/ac) Dual + 11/ qt/ac (1}/5 lbs/ac) Bladex on May 14, 1987.
Weeds between the rows were wiped with a Roundup wick applicator at 4 inches high on July 9.

Table 2. The viability on alfalfa crowm counts
with proposed tillage on April 28, 1987.

Table 3. The effect of tillage on emergence of
corn from May 9, to June 1, 1987. nu=lé,

Tillage Tillage

No Till Disc Moldboard No Till Disc Moldboard

mean stdev mean stdev pean stdev Sig. of mean stdev mean stdev mean stdev
Viable @~ <e------ee-o cx.'c:wm:./t---\':2 ------------- Date Tillage --------- plants/ac x 1000 ---------
16 lbs/ac 18.3 7.92 21.1 7.80 22.3 3.52  May 19 (.000) 0.00 1.2 1.8 6.1 5.28
50 lbs/ac 20.5 8.25 22.7 7.05 23.2 7.28 May 20 (.000) 2.9 2,97 12.1 7.51 15.7 6.6l
83 lbs/ac 16.3 5.85 22.1 9.17 17.5 6.79 May 21 (.030) 17.1 8.00 24.0 6.93 22.5 6.75
117 1bs/ac 17.1 4.46 18.6 11.2 17.1 6.3% May 22 (.194) 21.5 9.13 26.2 5.03 23.2 7.05
NorVisble ------==v=-- CrOWDSAN® ---emmemceen- May 26 (.311) 29.3 4.60 29.2 5.11 26.5 7.45
16 lbs/ac 11.5 2.35 10.9 1.32 10.0 2.57 May 27 (.576) 29.7 4.24 29.6 4.63 28.2 4.98
50 lbs/ac 10.6 4.64 9.3 1.13 11.9 6.61 May 28 (.209) 30.6 4.02 30.6 4.59 28.2 4.77
83 lbs/ac 11.4 4.05 12.0 4.33 13.0 4.86 May 29 (.358) 30.7 4.02 30.5 4.68 28.7 4.32
117 bs/ac 8.6 2.74 11.9 4.76 11.6 3.13 Jwel (355 307 421 305 4,54 28,7 4,41

Total

16 lbs/ac 29.
3

50 1bs/ac

83 lbs/ac 27.
5

crowns

32.0 6.23
32.0 6.07
34.1 10.2



Table 4. The effect of tillage on silk
emergence by date, n=16.

Tillage(, 014)

m Disc Moldboard
Sig. of | stdev mesan s stdev
Date— Tillage ---~----oc=-vun- § -cem-meccesenaea.
July 20 (,120) 2.7 45 7.5 9.5 9.4 11.3
July 22 (.007) 47.4 18.0 64.7 26.8 72.6 15.1
July 23 (.237) 78.4 15.0 82,2 19.1 86.3 9.2
July 24 (.304) 87.4 12.2 92.8 11.6 91..8 5.6
July 27 (,384) 96,3 6.5 974 3.7 98,9 2.5

1. Date of 50% silk emergence was July 21 for the

moldboard plow treatment and July 22 for
the disc and no till treatments.

Teble 6. The effect of tillage on the presence of
weed species and density on July 2, 1987.

=12,
Tillage

No Till Disc Moldboard

Sig. of mean stdev mean stdev mean stdev
__Weed Tillage -----~----- severity® ~----cccccaaa-
Pigweed (.227) 2.25 0.50 2.75 0.96 1.75 0.50
Foxtail (.003) 6.00 1.15 4.00 2,30 1.75 0.50
VolAlfl -- 2.25 0,50 1.25 0.50 0.00 0.00
Dandeln  -- 0.75 0.50 0.75 0.50 0.00 0.00
Labquer (0) 0.75 0.50 0.75 0.50 1.00 0.00
Quackgr (.422) 1.00 0.82 0.50 0.58 0.25 0.50
Buckwht (0) 0.75 0.50 1.00 0.00 1.00 0.00
CanThis (.422) 0.25 0.50 0.50 1.00 0.25 0.50
Alyssum  -- 1.30 0.50 0.25 0.50 0.00 0.00
Nightsh -- 0.75 0.50 0.50 0.58 0.50 0.58
Milkwed -- 0.25 0.50 0.00 0.00 0.00 0.00
Crabgrs -- 0.00 0.00 0.25 0.50 0.25 0.50
Ragweed -- 0.00 0.00 0.00 0.00 0.50 0.58
Huldberd -- 0.50 0.58 0.00 0.00 0.00 0.00
Ydsorrl -- 0.25 0.50 0.00 0.00 0.00 0.00
Whteokl --  0.25 0.50 0.25 0.50 0.00 0.00
SmPiged -- 0.00 0.00 0.00 0.00 0.25 0.50
RusThis -- 0.25 0.50 0.00 0.00 0.00 0.00
Pursine (,422) 0,50 0.58 0.50 0,58 0,50 1.00

1. Due to unequal variances, a natural log transfor-
mation was used before analysis of variance.

2. Severity scale used is as follows; 1-nore,
S5-moderate and 10-severe.

Table 5. The effect of tillage on soil cover by
corn residue on May 14, 1987, n=l6.

Tillage
Disc

No Till
mean stdev

Location!
InRow 91.7 6.4 47.7 245 12,7 19.7
Between 96,5 5.0 405 24.6 10,5 19.2

1. The significance of tillage with respect to
both rows was <.000.

Table 7. The effect of tillage on color by
nitrogen July 3, 1987, n=4. (Color
index ranges from l=yellow to 10-dark

green).
Tillage(.000)

No Till Disc Moldboard
mean stdev mean stdev mean gstdsv Avg
Mge_x\l ----------- color rating ----e-ccoenoo--
16 lbs/ac 6.25 0.50 7.00 0.82 8.00 0,00 7.08
50 1bs/ac 7.00 0.00 7.25 0.50 8.00 0.00 7.42
83 lbs/ac 7.25 0,50 7.50 0.58 8,00 0.00 7.58
117 lbs/ac 7.25 0.50 8.00 0.00 8.00 0.00 7.75

average 6,94 0.57 7.44 0.63 8,00 0.00

significance of tillage x nitrogen was .019,

Table 8, The effect of tillage on color by
nitrogen August 8, 1987, n=4. (Color
index ranges from l=yellow to 10=dark

green).
Tillage(,000)

No Till Disc Moldboard
mean stdev mean stdev mean stdev Avg
m@l ---------- color rating --------a------
16 Ibs/fac 5.5 1.0 6.0 0.8 7.3 0.5 6.3
50 Ibs/ac 6.3 0.5 6.3 1.5 7.5 1.0 6.7
83 1bs/ac 7.0 1.4 68 05 8.0 0.0 7.3
117 1bs/ac 7.8 0.5 7.8 1.0 8.0 0.0 7.8

average 6,6 1,2 67 11 7.7 06

1. The significance of nitrogen was .000, the
significance of tillage x nitrogen was .324.
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Table 9. The effect of and nitrogen on
plant height July 3, 1987, n=.
Tillage(<,000)

No Till Disc  Moldboard
mean stdev mean stdev pesn stdev Avg
ng@l -------------- feet -----cceccaccaaa...
16 1bs/ac 3.2 0.1 3.8 0.2 4.0 0.1 3.67
50 lbs/ac 3.4 0.1 3.8 0.2 40 0.1 3.1
83 lbs/ac 3.4 0.1 3.8 0.1 4.0 0.1 3.78
117 1bs/ac 3.4 0.1 3.8 0.1 4.0 0.2 3.72

average 3.4 0.1 3.8 0.2 4.0 0.1

1. The significance of nitrogen was .014, the
significance of tillage x nitrogen was ,219.

Table 11. The effect of tillage and nitrogen on
yields of corn on October 1, 1987, n=4.

Tillage(,000)

No Till Disc Moldboard
mean stdev mean stdev mean stdev Avg
Nitrogepd ------eeeeee- bu/ac ---e---ccceoooooen
16 1bs/ac 146 8.4 170 16.6 190 12.0 168.8
50 lbs/ac 171 19.6 190 11.4 196 5.3 186.3
83 lbs/ac 189 13.7 188 10.7 207 8.5 195.1
117 lbs/ac 199 12.4 189 13.8 201 8.5 196.7

average 177 24,4 185 14.7 199 10.4

1. The significance of mtrogen'was .000, the
significance of tillage x nitrogen was .009.

Table 13. The effect of tillage and nitrogen on
stover harvest on October 1, 1987, n4.

Tillage(,000)

No Till Disc Moldhoard
mean stdev mean stdev mean stdev Avg
Nitrogepl -----oceee-- ton/ac -------eememcmanae-
16 lbs/ac 3.3 0.3 3.8 0.2 4.0 0.6 3.72
50 lbs/ac 3.6 0.2 4.2 0.3 4.4 0.4 4,08
83 Ibs/ac 3.9 0.2 4.1 03 4.7 0.3 4,25
117 Ibs/ac 4.1 0.2 4.0 0.2 4.6 0.2 4,24

average 3.7 04 40 03 4,5 04

1. The significance of nitrogen was .000, the
significance of tillage x nitrogen was .147.

Table 10. The effect of tillage and nitrogen on
plant height August 9, 1987, n=4.

Tillage(<.000)

No Till Disc Moldboard
nean stdev mean stdev mean stdev Avp
Nitropens -----ccevcce-. feet -----mceeeeeeee
16 lbs/ac 7.7 0.2 8.2 0.2 8.2 0.1 8.02
50 Ibs/ac 7.9 0.1 8.1 0.3 8.2 0.2 8.06
83 lbs/ac 7.9 0.3 8.2 0.2 8.3 0.3 8.15
117 lbs/ac 8.0 0.4 8.2 0.2 8.4 0,3 8.19

average 7.9 0.3 8.2 0.2 8.3 0.2

1. The significance of nitrogen was .069, the
significance of tillage x nitrogen was .542.

Table 12. The effect of tillage and nitrogen on
harvest moisture on October 1, 1987, n=4.

Tillage(.085)

No Till Disc Moldboard

mean stdev mean stdev mean stdev

Mgml ---------------- $ -emceeccoennne.-
16 lbs/ac 32.6 0.7 32.0 1.2 3.4 1.6

50 Ibs/ac 33.1 1.4 32.0 0.6 31.9 1.0

83 lbs/ac 32.6 0.2 31.9 0.5 319 0.6

117 lbs/ac 32.5 0.3 33,1 2.1 31.9 0.6
gverage 32.8 08 323 1.3 318 1.0

1. The significance of nitrogen was .655, the
significance of tillage x nitrogen was .770.

Table 14. The effect of tillage and nitrogen on
final stand on October 1, 1987, n=4.

Tillage(.254)
No Till Disc Moldboard
mean stdev mean stdev mean stdev

Nitrogen?
16 1bs/ac
50 1bs/ac
83 1bs/ac

117 1bs/ac

aver.

--------- plants/ac x 1000 ---------
28.4 0.88 28.2 1.27 28.2 0.49
28.7 2.45 28.5 1.30 27.7 0.67
29.0 0.92 27.7 2.02 29.3 0.9
29.8 2,53 28.2 0.75 28.4 0.77
9.0 1 28.2_1.30 28,4 0,91

1. The significance of nitrogen was .705, the
significance of tillage x nitrogen was .617.
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Table 15. The effect of tillage on early corm growth, n=16.

Tillage
No Till Disc Moldboard
Sig. of meap st dev mesn st dev mean st dev
Date  Tillage  -=---cccc--- leaves/plant----=-=~-===--
May 19  (.000) 0.00 0.00 0.16 0.2 0.41 0.20

May 20 (.065) 0.3 0.26 0.41 0.20 0.50 0.00
May 21  (.069) 0.44 0.17 0.50 001 0.51 0.05
May 22 (.036) 0.50 0.00 0.51 0.03 0.54 0.07
May 26 (.036) 1.31 0.09 1.39 0.4 142 011
May 27 (.284) 1.85 0.17 1.99 0.19 1.9 0.38
May 28 (.190) 2.39 0.07 2.41 012 2.28 0.34
May 29 (.087) 2.46 0.06 2.47 0.05 2.39 0.17
Jue 1 (.059) 3.40 0.2 3.48 0.05 3.37 0.17
June 2 (.091) 3.8 0.26 4.01 0.24 3.93 0.28
June 3 (.018) 423 0.16 4.38 0.11 4.26 0.19
June 4 (.053) 4,66 0,19 4.82 0,18 4.67 0.25
June 5 (.241) 4.8 0,23 492 0.20 4.8 0.23
Jure 8 (.201) 5.93 0.20 6.02 0.24 6.08 0.30
June 9 (.191) 5.93 0.20 6.03 0.24 6.08 0.30
June 10  (.000) 6.22 0.26 6.60 0.26 6.63 0.32
June 11  (.003) 6.60 0.24 6.86 0.20 6.88 0.28
Jure 12 (.003) 6.60 0.24 6.86 0.20 6.88 0.28
June 15 (.000) 7.84 0.25 8.14 0.37 8.31 0.35
June 16  (.000) 7.91 0.28 8.31 0.30 8.31 0.35
June 17 (.402) 8.95 0.39 8.8 0.48 92.13 0.58
Jure 18  (.440) 8.9 0.39 8.9 0.42 9.13 0.57
June 19  (.000) 9.46 0.41 10.06 0.44 10.14 0.48
June 22 (.000) 10.28 0.23 10.75 0.45 10.91 0.39
June 24 (.000 11.09 0.35 11.76 0,58 11.98 0.51



274

EFFECT OF TILIAGE AND APPLICATION OF SWINE MANURE ON OORN YIEID
J.R.Joshi,J.F.Moncrief,J.J . Kuznia,and J.B.Swan

Cooperator: D.Nord

A study was initiated in 1987 to determine the effects of tillage and frequency of marmure application
on corn yield and nitrogen uptake. A second purpose was to determine the amount of N taken up from marure
applied prior to the current cropping year.

Pyrocedure, Liquid swine mamre was injected armually, every altermate year (even and odd year) at two
rates(5,775 and 11,550 gal/ac) on ridge till and chisel till treatments. Two, additional treatments with
one receiving 170 1lb. N/ac of anhydrous ammonia and the other receiving none were established in both
tillage treatments for comparison.

Since 1987 was the year of establishment for this experiment, the treatments for an odd year were in
effect for this year. The different cultural practices and the amount of N in the form of liquid swine
manure and arhydrous ammonia are described in Table 1 below. Table 2 sumarizes the effects of the various
treatments on grain yield and grain moisture. The chisel tilled treatments resulted in generally lower
grain yields and lower grain moisture, although the difference is not all significant. This is an
establishment year, all the plots were spring chiseled and ridges were formed on ridge till plots. The
effects of tillage were thus less likely to be evident for this year.

GOOMHUE QOINTY

Table 1. Cultural practices at Nords Farm, Goodhue County, Mn. 1987

Preceding Crop 1987 Crop
Ridge Till Com since 1974, Cormn - Ploneer 3906
Chisel Plow
This was the establishment year for this site and Fextilizer History
the plots were all disced then sub-soiled and Material Actual
disced again prior to planting. Analysis N P05 Ko0
Crop _(Rate) -- lbs/ac ---
Planting and Harvest Date Cormm 7-21-7 8 25 8
Planter was Allis Chalmers 385 six row (30"). (10 gal/ac)
Crop Date Rate Harvested 82-0-0 120 0 O
Com May 11,1987 28,000 plants/ac  Sept. 24, 1987 (146 Ibs/ac)
1. Planter applied.
Soil .

Soils at this site are Seaton (Iypic Haplaudalfs, fine-silty, mixed, mesic) silt loam, Mt. Carroll
(Mollic Hapludalfs, fine-silty, mixed, mesic) silt loam and a Port Bryon (Typic Haplaudolls,
fine-silty, mixed, mesic) silt loam.

Fertilizer —_Actual
Total N NH,-N
Crop _m_m_lte —_Rate _ --- lbs/ac --- Date Applied

Com pig mamarel 5,775 gal/ac 55 39 May 7, 1987
pig manurel 11,550 gal/ac 111 77 May 7, 1987
82-0-0L 207 lbs/ac 170 170  May 18, 1987
1. Materials applied to appropiate plots.
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Weed Control 3 pts/ac Prowl + 2 lbs/ac Bladex 90 DF. Insect Control 6.9 lbs/ac Counter.
Table 2. Effects of tillage and amount of manure application on grain yleld and moisture of corn at
harvest.
YIFID MOISTURE
Tillage*

Ridge isel Averape Ridge (Chisel Average
Year mesn  mean mesn mean
1987 Source and rate of N6 -------- DW/EC meememmmm meeeeeeeene § cecmennnnn-

None 138.4  130.3 134.4 35.4 35.2 35.3

arhydrous 170 1bs N/ac 171.8  163.4 167.6 36.2 36.6 36.4

manure 55 1bs N/ac 151.9 151.0 150.5 35.0 34.6 3.8

manure 110 1bs N/ac 163,2  152,2 157.7 %3 34.0 35.2
1. Significance value due to tillage was 0.303 and .085 for grain yield and grain moisture, respectively.
2. Yields were highly significant due to N application for both grain yield and grain moisture.

Table 3. Effects of tillage and amount of mamure application on silage dry matter yield and dry matter
content of corn.

YIFEID DRY MATTER
Tillage=
Ridge (hisel Average Ridge (hisel Average
Year mean  pmean mean  mean
1987 m and rate of N4 -=n-ee-- DON/EC --mm-mmmme  eeeeescmna- P

2.33 2.65 2
arhydm.xs 170 1bs N/ac 3.02 3.02 3.
manure 55 1bs N/ac 2.57 2.50 2 . .
manure 110 1bs N/ac 2,65 2,78 2.72 29.9 32.1 31.0
1. Significance due to tillage was 0.242 for silage dry matter yield and .004 for dry matter,
respectively,
2. Differences due to N source and rate highly significant (.00).
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EFFECT OF TILLAGE AND FREQUENCY OF MANURE APPLICATICN ON N UPTAKE AND CORN YIEID - 1985-87 SIMMARY
J.R.Joshi, J.F.Morcrief, J.J.Kuznia, and J.B.Swan

Cooperator: Dale Flueger

A study was initiated in 1983 to determine the effects of tillage and frequency of marure application on
corn yields and on N uptake. A second purpose of this study was to determine the amount and effect of
nitrogen taken up from marure applied one or two years prior to the current cropping year.

Procedure, Liquid dairy marmure is injected either ammually, biemnially or triemnially on chisel plowed
treatments and anmually or biemnially on mo-till treatments. Yields are compared with check treatments
vhich receive broadcast potassium but no nitrogen fertilizer. The results of this éxperiment for 1983-84
period are summarized in "Effect of Tillage and Frequency of Mamwe Application on N-uptske and Com Yield
- 1983-84 Sunmary" in the 1985 bluebook. Nitrogen and potassium uptake are measred ard refererce nitvogen
measurements are made armually on selected plots,

This paper summarizes the results of the experiment for 1985-87 period. Table 1 provides the information
on various cultural practices, soil type and cropping history of the research site for 1987. Most of these
practices follow the same operations that were in effect in the earlier years.The results of soil amlyses
in terms of N in the form of NO3-N, NH4-N, and total N at 0-2 ft and 0-5 ft depths for variocus treatments
in 1986 are sumarized and analyzed in Tebles 2-4 and those for 0-5 ft depth are presented in Tables 5-6.
There are highly significant differences in soil NO3-N levels due to the frequency of marawe application
ard by depth. Tillage differences in soil test values are expressed in generally lower values of NO3-N,
NH4-N and total N for the no-till plots for each depth but do rot gppear to be significant statistically.

Tables 7-9 summarize the grain yleld response for 1985, 1986 and 1987. The differences in the grain
yields are highly significant due to tillage and N source arnd frequency of menuwe gpplication for 1986 and
1987. This trend is also evident in the 1985 data. The grain moisture content appears to vary
significantly with tillage and treatment in 1986 and by N source and frequency of manure application in
1987. Similarly, Tsbles 10-12 illustrate the differences in stover yield, stover dry matter and their
significance for the three years. There are highly significant differences both in stover dry matter yield
and content for the years 1986-87 due to N source and frequency. The 1985 data show similar trends.

Tables 13-14 summarize the amounts of the primary mutrients applied in the experiment as liquid dairy
marure and the effects of various treatments in corn yields (for all the years the experiment has been set
up). The amount of total nutrients, especially the different forms of N, varied from year to year. This
may account for inconsistent results with some treatments for some years. In general, all the marure
treatments resulted in significantly higher grain yields than the control. The yields were either
comparable to or sometimes higher than those for the fertilized treatments. The average yields for the
seven year experiment show that there is mot mxh difference in yields obtained from marure applied
anmually or in the year of application to that of fertilized treatment. The yields in the year after the
year of application were generally lower than the other marure treatments but certainly higher than the
controls indicating considerable carry over fram the previous years.
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GOODHUE OOUNTY

Table 1. Cultural practices at Fluegers Famm Goodhme County, Mn. 1987

No Till
Chisel Plow - Chiseled on April 30,1987 and then
with a soil finisher on May 6, 1987.

Planting and Harvest Date
Planter was a Hinicker Econotill two row (38")
equipped with 2 inch fluted coulters.

Crop 1987 Crop
Corn since 1981. Corn - Pioneer 3906
Mamure Application

Date Rate Harvested
Corn May 7,1987 30,000 plants/ac  Sept. 14, 1987
Fertilizer Actual
Material N P05 K0
Crop Analysis __Rate  -- lbs/ac -- _Date Applied
Corn 0-0- 330 1bs/ac 0 O 198 April 16, 1987
7-21-72  15gal/ac 12 37 12 May 7, 1987

1. Surface applied to specified plots,
2. Applied 2" beside ard 2" below seed.

Soil

Timula (Typic Butrochrepts, coarse-silty, mixed, mesic)
silt loam, 2 to 6 percent slope. Soil is well drained,

Injected 9200 gal/ac liquid dairy
marsare with the following analysis
in 1987.

Crop NN TotalN P K
......... /ac ceerrcmcenae.
Cormm 152 341 91 315

Insect Control 6.9 lbs/ac Lorsban 15G.

Ueed&m:rol

q{s/ac Lasso + 2lbs/ac Atrazine +

1%/2 qts/ac Roundup on May 12, 1987.

Table 2. The effect of tillage, frequency of marure application on NO3-N (1bs/ac)
NHJ}-N (lbs/ac) and total mineral nitrogen (lbs/ac) in April 1986.

Nitrate-Nitrogen (N03) Ammonium-Nitropen(NOZHU/) Total-Nitropen (NO3HWH,)
Ti‘l'lggg
Till No Till Chisel No Till Chisel

N Source & Depth neanst:diy meanstdsv mean st dev mesn s mean st dev mean st dev
Frequency (¢ 3 B et lbg/ac --cemmcemcnceccmeieei i aeaee
Ammoniun 0-2 9.2 59.0 83.1 33.2 314 23.3 3.2 17.1 128 58.5 119 37.5
Nitrate 2-5 183 45.3 197 61.3 27.0 27.0 21.9 16.3 210 47.1 218 58.0
Check 0-2 16.1 4.5 27.7 9.8 42.6 26.7 36.4 37.1 58,7 25.5 64.1 36.2
2-5 4.7 4.2 16.5 179 152 14.8 17.8 10.0 19.4 9.7 3.2 8.9

Arrmal 0-2 39.3 15.1 35.8 10.8 22.5 12.8 44.5 23.2 61.8 6.7 80.3 33.9
2-5 23.8 16.5 38.8 10.2 22.1 11.1 23.8 22.6 45.9 9.5 62.7 23.8

Biemwal-82 0-2 19.6 4.6 2.7 43 223 6.4 2.2 7.0 423 52 529 5.1
2-5 55 04 1.4 1.6 219 88 155 7.3 274 8.6 27.0 6.6

Biermual-83 0-2 28.1 8.5 44.2 26.2 38.6 25.2 18.7 6.4 66.6 26.3 62.9 20.5
2-5 18.4 10.6 2.9 7.7 28.2 28.2 18.5 6.7 46.7 20.3 40.3 14.0

Triermual-82 0-2 26.0 10.6 2.1 4.3 48.1 6.3
2-5 20.8 9.1 19.1 7.8 39.8 10.7

Triermual-83 0-2 18.2 2.7 2.0 6.2 42.2 6.5
2-5 8.8 3.3 17.8 11.0 26.6 8.7

Triermual-84 0-2 23.6 8.3 44,2 35.5 67.9 42.1
2-5 60 41 39.6 34,3 456 38,4

1. Manre treatments are defined as follows: Armual, Bienrmal and Triemrmal refer to the frequency of
marure application, and the year refers to date of initiation.
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Table 3. The significance of an F-test for treatment
effects on NO3-N, Ni}-4 and total mineral
nitrogen for no till and chisel plow, excluding
trienmual treatments from analysis for April 1986,

Table 4. The significance of an F-test for
treatment effects on NO3-N, NHJ-4
and total mineral nitrogen for
chisel plow in April 1986.

N Source & N Source &

Frequericy Till, TIxt, Depth TilxTrt TilxDep Irtxdep TilxTrtDep  Fyequency Trt. Depth Trt x depth
3-N .497  .000 .04 .193 .178 .000 .554 3-N .000 .016 .003

ﬁ&-N 906 .999 .038 .810 .688 .820 .758 :ﬁx-}&-N .760 .019 921

Tot-N 490 000,026 384 669 ,000 564 Tot-N ,000 _.017 004

Table 5. The effect of tillage, chemical and
frequency of marure application on
NO3-N, NHj-4 and total mineral nitrogen
from 0-5 feet (lbs/ac) in April 1986.

Table 6. The significance of tillage, treatment
and applicable interactions on NO3-N,
NH}-4 and total mineral nitrogen from
0-5 feet (lbs/ac) in April 1986.

Source Tillgg_e Analysis of

N Source & of No Till Chisel N Source & Analysis of No Till & Chisel Chisel
Frequency Nitrogen pean st dev mean st dev Frequency Till., Trt, Till, x Trt, Treatment
Chemical 3-N 280 87.4 280 83.3 3-N .584 .000 .273 .000

:%—N 58.4 49.9 58.1 30.4 -N .899 .978 451 .678

Tot-N 338 90.2 338 8l.1 Tot-N 973 000 952 .000
Check 3-N  20.9 8.5 44.2 27.6

%-N 57.8 29.2 54.1 38.4

Tot-N 78.1 24.5 98.3 33.7
Armual 3-N 63.1 26.1 74.6 2.5

&-N 44.6 15.8 68.4 27.5

Tot-N 108 15.9 143 26.7
Biermual -82 3-N  25.1 4.8 38.1 4.5

m-l‘l 46 3.0 41.8 14.2

Tot-N 69.7 5.1 79.9 10.1
Biermual-83 3-N  46.5 19.1 66.1 29.3

:&-N 66.8 28.8 37.2 7.8

Tot-N 113 13.1 103  30.7
Trienrual-82 3-N 46.8 12.7

ﬁ-l‘l 41.2 12.0

Tot-N 88.0 5.9
Triermmal-83 3-N 27.0 2.6

%—N 41.8 11.1

Tot-N 68.8 12.7
Triermual -84 3-N 29.7 11.2

&-N 83.8 69.8

Tot-N 113 80,2

1. Marmure treatments are defined as follows:
Anrual, Bienmual and Trienmual refer to the
frequency of marure application, and the
year refers to date of initiation.
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Table 7. The effect of tillage, frequency of mamuwe Table 8. The effect of tillage, frequency
application and potassium application on of marure application and potassium
grain yields. application on grain moisture.

Tillage Tillage
No Till Chisel No Till Chisel

N Source & Ko0 1985 1986 1987 1985 1986 1987 N Source & Kp0 1986 1987 1986 1987

Frequency 1lbs/ac --=----=------o---- bu/ac -----------oo-se- Frequency lbs/ac ---------- § omoeoe-o--

Check 200 128.3 55.3 62.3 77.5 89.4 102.7  (Check 200 34.1 30.2 32.2 27.9

Armual 0 146.8 154.0 166.1 149.5 150.0 155.0  Anmual 0 316 30.5 32.0 30.3

200 140.6 140.0 162.3 152.4 150.0 168.5 200 32.0 31.0 32.4 323

Biermual-82 O 115.4 146.0 150.3  120.2 1540 144.7 Biermual-82 O 32.6 30.4 31.8 30.7

200 102.3 147.0 116.5 113.1 148.0 134.6 200 32.6 31.8 32.0 30.6
Biermuwal-83 0 131.1 104.0 168.2 146.4 134.0 158.8 Biemmual-83 O 33.5 27.5 30.6 29.9
200 145.7 107.0 169.4 152.9 109.0 168.1 200 32.3 29.4 3l.4 29.6
Triermual-82 0 138.6 120.0 108.9 Triermual-82 O 33.8 31.5
200 137.0 107.0 90.4 200 32.7 30.7
Triermual-83 O 101.8 147.0 136.7 Triemmwal-83 0O 1.7 29.7
200 80.2 145.0 122.2 200 1.4 29.3
Trienmual-84 0 108.3 113.0 157.9 Triermmal-84 O 320 29.1
200 124.8 92.3 170.7 200 32.7 29.2

1. Manure treatments are defined as follows: Anmual, Biarmwal and Triammual refer to the frequency of
marmure application, and the year refers to date of initiation.

Table 9. The significance of tillage, treatment and applicable interactions on grain yield
and grain moisture for 1986 and 1987,

Analysis of No Till & Chisel Analysis of

Crop N Rate and Till. x N Rate Chisel
Varisble Year Till. Frequency and Frequency  Treatment
grain yield 1986 .002 .000 .001 .000
1987 .015 .000 .000 .000
moisture 1986 006 .036 .014 .013

1987 512 000 026 000
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Table 10. The effect of tillage, frequency of mamure
application and potassium application on

Table 11. The effect of tillage, frequency
of marure application and

stover yield. potassium application on % dry
matter of stover.
Tillage Tillage
No Till No Till Chisel
N Source & KoO 1985 1986 1987 1985 1986 1987 N Source & KoO0 1986 1987 1986 1987
Frequency lbs/ac -----ce-cou--- ton/ac -----ecavcee-- Frequency lbs/ac ---------- § --oeeeeee
Check 200 2,25 1.27 1.52 2.17 1.88 2.02 Check 200 40.4 35.6 40.0 37.5
Armual 0 2,37 2.48 2,59 2.28 2.56 2.63 Armual 0 38.1 3.8 37.0 34.7
200 2.42 2.69 2.75 2.53 2.59 2.80 200 36.3 32.5 34.4 31.4
Bienual-82 0 1,90 2.21 2.25 1.9% 2.17 2.58 Biermual-82 0  31.4 37.9 37.2 40.1
200 1.89 2.51 2,15 2.14 2.09 2.40 200 33.6 33.9 32.8 3.6
Bienmual-83 0 2.19 1.59 2.45 2.14 2.45 2.47 Biermual-83 0 445 39.7 42.7 36.1
200 2.40 1.88 2.60 2.38 2.25 2.56 200 39.6 34.2 38.6 33.7
Trienmual-82 O 2,22 1.75 2.00 Triemmual-82 0 39.2 39.1
200 2.17 2.07 1.98 200 39.2 3.9
Trienmual-83 0 1.63 2.18 2.20 Triemmual-83 0 39.4 39.8
200 1.62 1.93 1.89 200 36.4 36.6
Triermual-84 O l.64 1.81 2.47 Trienmual-84 0 49.3 40.6
200 1.97 1,83 2.64 200 42,2 35,1
1. Mamre treatments are defined as follows: Anmual, Biermual and Trienmual refer to the frequency o

manure application, and the year refers to date of initiation.

Table 12. The significance of tillage, treatment and applicable
interactions on stover yield and dry matter for

1986 and 1987.
Analysis of No Till & Chisel Analysis of
Crop N Rate and Till. x N Rate Chisel
Varisble Year Till, Frequency  gnd Frequency  Ixeatment
stover yield 1986 .183 .001 107 492
1987 .257 .000 .001 .001
dry matter 1986 .813 004 479 .001
1987 097 .000 .001 .002
Table 13. The amount of N, Py0s, and K0 applied
as liquid dairy marure from an anzerobic pit.
1983 1984 1985 1986 _ 1987 Average
-------------------- lbs/ac -----==-eeee-ceee-
NHA4 148 171 137 204 152 164
Total N 260 347 292 251 341 298
Po0s 76 84 69 67 91 77
K90 233 274 266 189 315 274
Rate (pal/ac) 9,100 10,700 9,300 9,200 9,200 9,500
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Table 14. The effect of frequency of marure application and tillage on corn yields
on a Timula silt loam soil (Typic Butrochrept) in Goodhuwe County, Minmesota.

1983 1984 1985 1986 1987 Average

NI Ch NT ¢Ch NT Ch NT Ch NT Ch NT Ch
---------------------------- bu/ac =e-----eeemmmmeceem e
Fertilizerl 121 130 154 160 1% 149 151 149 160 164 145 151
Armual 126 134 143 162 147 149 153 149 166 154 147 149

Yr. of app. 124 113 154 154 132 145 145 153 168 158 145 145
Yr. after 104 124 98 137 115 121 104 134 149 145 112 132
Control, 25 90 66 8 62 77 55 8 62 103 60 89




