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Table 2. Influence of tillage methods and starter fertilizer on corm production at Waseca in 1986.

Treatment Early Grain

—td.
Starter— plant N
Tillage fert. growth N Removal
g/plant % 1b/A
No tillage S 7.9 1.41 100.7
No tillage NS 6.7 1.38 92.7
Fall plow, £. cult. S 9.9 1.32 107.4
Fall plow, f£. cult. NS 8.6 1.37 102.9
Fall chisel, f. cult. S 9.9 1.39 109.6
Fall chisel, f. cult. NS 9.5 1.38 100.7
Ridge plant S 10.7 1.37 111.8
Ridge plant NS 10.0 1.37 106.1
Spr. disk S 9.1 1.40 110.4
Spr. disk NS 8.8 1.41 112.2
INDIVIDUAL FACTORS
Tillage
No tillage 7.3 1.40 96.7
Fall plow 9.2 1.35 105.1
Fall chisgel 9.7 1.38 105.1
Ridge plant 10.4 1.37 109.0
Spr. disk 8.9 1.40 111.3
Signif. Level (%): 99 61 92
BLSD (.05) (.10)%*: 1.3 9.9%
Starter fertilizer
Starter 9.5 1.38 108.0
No starter 8.7 1.38 102.9
Signif. Level (Z): 99 23 96
T1ill x SF 1A
Signif. Level (%): 57 31 38
cv (%) : 7.0 3.9 6.9

1/

S = gtarter fertilizer used and NS = no starter fertilizer

Table 3. Influence of tillage methods for corn following soybeans on surface residue, seeding depth
and leaf N at Waseca in 1986.

Surface Residence
After Plantin

Before Across Within Planting Depth Leaf
Treatment planting plot row Average S Range nitrogen
% mm 3
No tillage 80 80 71 47 2.0 40-60 2,77
Fall plow 2 4 4 40 3.1 21-58 2,55
Fall chigel 20 28 16 47 4,7 38-64 2.65
Ridge plant 24 34 17 41 8.4 25-57 2.61
Spr. disk 56 24 21 42 4.3 30-51 2.63
Signif. Level (Z): 99 99 99 75 83
BLSD (.05) s 9 6 7 - -
cv (2) : 18. 13. 19. 13, 4.5
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Nitrogen concentration of the earleaf at silking was not influenced significantly by tillage
(Table 3). Visual N deficiency symptoms were more apparent on the MP plots than with the other
tillage systems, however. The 4.S4-inch rainfall that occurred on June 22 and 23 and the subsequent

wet soil conditions over the next 7 to l0-day period were primarily responsible for the slight N
deficiency.

The rate of seedling emergence was determined by counting the number of plants that had spiked thru
in 100-feet of row/plot from the 9th to the 24th day after planting. Emergence, as a percent of
final stand, shown in Table 4 indicates most rapid emergence with the RP system. Emergence was
delayed about 2 days with the MP, CP and SD systems and about 3 days with the NT systems. These
differences continued through about the 6 to 8-leaf stage, but by silking phenological differences
among the RP, MP,CP and SD were not evident. The NT system, however, continued to be about 2 days
behind at silking and reached physiological maturity a few days after the other tillage systems.

Table 4. Influence of tillage methods on the emergence progress of corn following soybeans at Waseca

in 1986.
Days Post Planting
Treatment 9 10 11 12 13 14 15 16 17 21 24
Z emerged
No tillage 0 0 1 12 37 60 89 94 98 100 100
Fall plow 0 0 6 30 67 81 97 98 99 100 100
Fall chisel 0 2 6 31 78 89 96 98 100 98 100
Ridge plant 7 35 50 81 95 97 99 99 99 100 100
Spring disk 0 1 4 25 69 83 96 97 99 100 100

Weed counts (broadleaf and grass) were taken between the 4th and Sth rows from randomly placed 1 ft
sections/plot 18 days after preemergence herbicide application. Weed pressure from broadleaf weeds
was not great, as counts were low from both herbicide treated and untreated areas (Table 5). Con-
sidering the grass weed pressure, grasses were controlled extremely well by the herbicides in all
tillage systems. It should be noted that the RP and MP systems had the fewest grass weeds when no
herbicide was applied and least weeds after herbicide application. Grass control was not as good in
the NT system because of at least two reasons. Weed pressure without herbicides was extremely high
and probably the greater surface residue accumulation prevented the preemergence herbicides from
fully contacting the soil.

Table 5. Weed populations on June 3 as affected by tillage and herbicide for corn following soybeans
at Waseca in 1986,

ﬂerbicidelj No Herbicide
Treatment Grasses Broadleaves Grasges Broadleaves
plants/10 sq. ft.

No tillage 27 1 2411 4
Fall plow 2 1 24 3
Fall chisel 16 2 361 5
Ridge plant 0 1 39 7
Spring disk 21 0 526 1
é’ 3% 1b Lasso and 3} 1b Bladex/A, preemergence

Average over 4 replications

Soil samples taken in increments from the NT, MP and CP tillage systems indicate a tremendous drop in
soll pH in the 0-2" surface layer of this well-buffered soil with NT and a slight drop with CP
(Table 6). There was little difference in soil pH between the starter and no starter treatments
except in NT where starter lowered the pH from 5.7 to 5.3 in the 0-2" layer. Phosphorus tended to
accumulate in the 0-2" layer with both the CP and NT systems. As a result of the 8 years of starter
vs no starter comparison, soil test P levels were slightly higher for the starter treatments in all
tillage systems. Potassium accumulated in the 0-2" layer only with NT and did not show a
relationship to the starter fertilizer treatments.
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Table 6. Soil test pH, P and K after corn planting from the no-tillage, moldboard plow and chisel
plow tillage treatments.

Profile No Tillage Moldboard Plow Chisel plow
depth Starter No Starter Starter No Starter Starter No Starter
inches Soil pH
0-2 5.3 5.7 6.6 6.8 6.4 6.3
2=4 6.2 6.3 6.7 6.8 6.6 6.5
4-6 6.6 6.7 6.8 6.8 6.9 6.7
6-9 6.7 6.8 6.9 6.8 6.9 6.9
9-12 6.8 6.8 7.0 7.0 7.0 6.9
Soil P (ppm)
0-2 50 41 33 23 44 32
2-4 27 30 35 22 25 25
4-6 20 20 28 20 15 16
6-9 18 18 23 13 10 12
9-12 11 13 9 10 7 7
Soil K (ppm)
0-2 315 317 240 216 250 331
2-4 247 259 238 220 201 212
4-6 200 194 212 204 161 168
6-9 162 167 190 168 153 145
9-12 140 147 148 136 144 138

SUMMARY - 1986

This was the second crop of corn grown after soybeans in this long-term study with continuous corn
from 1975 through 1982, soybeans in 1983 and 1985, and corn in 1984. Surface residues prior to
planting were greater than 50Z with the NT and SD systems and remained above 30Z after planting with
the NT and RP systems. Plant emergence was fastest with RP, delayed by about 2 days with the MP, CP
and SD systems, and by about 3 days with NT. Weed pressure was reduced considerably with the Lasso +
Bladex preemergence application. Lowest weed pressure was noted with the RP and MP systems. Highest
weed counts, primarily grasses, were found with the NT and SD systems. Early plant growth was
greatest for the RP gystem and least for NT. Phenological plant development throughout the season
continued to be a couple of days behind with the NT plants compared to plants grown on the other til-
lage systems. Leaf N was not affected by tillage or starter fertilizer. Yields among the MP, CP, RP
and SD systems were not different but averaged about 8% higher than with NT. Starter fertilizer in-
creased ylelds by 6% when averaged over tillage systems. However, yield increases due to starter
were greatest with the NT, CP and RP systems. Soil samples taken from both the starter and no
starter plots in the NT, MP and CP systems show a large drop in soil pH in the top 2" layer with NT,
accumulation of high amounts of P in the top 2" with NT and CP, accumulation of K in the top 2" with
NT and slightly higher soil P levels associated with the 8-year history of starter vs no starter
comparison.

TWELVE-YEAR YIELD SUMMARY

Grain yields from the five tillage systems where starter fertilizer was used from 1975-1982 are shown
in Table 7. The 8-year average yield shows a 5.3 bu/A yield advantage for the moldboard plow over
the ridge-plant system. Some of this difference can be attributed to the 17 bushel advantage in 1980
for moldboard plowing. The chisel plow and till-plant (flat) systems showed intermediate yields
while lowest yields were obtained with no tillage. Weed control was excellent in all treatments
except no tillage. Postemergence herbicides were applied to no tfllage 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.
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Yields with no tillage continue to be significantly below the other tillage systems since converting
to a corn/soybean sequence (Table 7). Corn yields in this sequence have not been significantly
different among the MP, CP, RP and SD systems when starter fertilizer has been used. Without starter
fertilizer, yields from the CP and RP systems have averaged about 7% less than from the MP and SD
systems. Soybean yields in this sequence averaged about 6% higher with the moldboard plow system
compared to the CP, RP, or SD systems with virtually no difference among the latter three systems.

Table 7. 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 1984 & 86
bu/A
No tillage Yes 129.2 140.6 36.6 145.6
" No 136.0 35.4 133.4
Fall plow Yes 154.5 170.9 48,4 159.3
" No 170.8 47.8 160.5
Fall chisel Yes 144.4 161.8 46.1 156.3
" No 155.5 43.8 148.3
Ridge plant Yes 149.2 161.5 45.8 158.6
" 1/ No 156.4 45.0 147.8
Till plant (flat) — Yes 144.9 154.8 45.3 163,2
" No 157.4 45.6 158.0
1/

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, 1986
G. W. Randall, P. L. Kelly and R. R. Allmaras
Corn-soybean rotations have often been compared to continuous corn and soybean monocultures using a
particular tillage system. Seldomly, however, have these comparisongs 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 on 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 no 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 corm-soybean
sequence so 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 continuous 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, 1985 after stalk chopping all corn plots. Spring secondary
tillage consisted of disking the CP plots on April 25 and field cultivating the MP and CP plots on
May 3. .
Nitrogen was broadcast applied as ammonium nitrate prior to secondary tillage to all 1986 corn plots
at a rate of 200 1b N/A regardless of previous 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 6 at a rate of 27700 ppA with a John Deere Max-Emerge 4-1
planter equipped with 2" fluted coulters. Counter (1 lb ai/A) was applied to all corn plots at the
time of planting., Weeds were chemically controlled with a combination of 31 qts. Lasso and 3} qts
Bladex/A applied preemergence with no further row cultivationm.

Soybeans (Hardin) were planted in 30" rows with the aforementioned planter at a rate of 9 beans/foot
on May 22, Weeds were controlled with a preemergence application of Lasso (31 qts/A) + Amiben
(6 qts/A) 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. This resulted in wheel traffic on ome side of each row with the other side
non-compacted by machinery operations.

Results and discussion

Corn yields were extremely good but were not affected significantly (P = 90% level) by tillage
(Table 1). The 10.1 bu/A difference between the MP and NT systems was only significant at the
P = 672 level even though a very low CV was present. A 17.8 bu/A advantage for corn following soy-
beans compared to continuous corn was highly significant (P = 99Z). Grain moisture was significantly
higher with NT but was not affected by crop sequence. Final plant population was not affected by
either tillage or crop sequence. An interaction between tillage and crop sequence was mnot found
(P = 907 level) for grain yield or plant population.

Soybean yields 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. fﬂ~\

Please refer to title page of this publication for information regarding application and use of this
article.
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(—ngle 1. Corn grain yield and moisture content and final population as affected by tillage and crop

sequence.
Crop Grain Final
Tillage Sequence Yield Moisture Rogulatéon
bu/A 3 x 10
MP c-C 175.3 18.1 27.2
" C-Sb 192.4 18.5 27.2
cP c-C 176.0 18.5 26.6
" C-Sb 194.6 18.9 28.5
NT c-C 185.0 19.7 27.8
v C-Sb 202.9 19.0 27.3
FACTORIAL COMPARISONS
Tillage
MP 183.9 18.3 27.2
CP 185.3 18.7 27.6
NT 194.0 19.4 27.6
Signif. Level (%):V/ 67 97 27
BLSD (.05) : 0.7
Crop Sequence
c-C 178.8 18.8 27.2
C-Sb 196.6 18.8 27.7
Signif. Level (2):!/ 99 16 69
Tillage x Sequence Interaction
Signif. Level (X):% 2 90 89
= cv (%) : 4,1 2.6 3.9

y Probability level of significance.

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

Crop Soybean
Tillage Sequence Yield Moigture
bu/A z
MP Sb-Sb 50.6 14.7
" S§b-C 55.5 14,6
cP Sb-sb 48.2 14.7
" Sb-C 56.2 14.6
NT Sb-Sb 47.3 15.0
" $b-C 56.0 14.8
FACTORIAL COMPARISONS
Tillage
MP 53.1 14.6
CP 52,2 14.7
NT 51.6 14,8
Signif. Level (Z): 23 75
Crop Sequence
Sb=Sb 48.7 14.8
Sb-C 55.9 14.6
Signif. Level (X): 99 89

Tillage x Sequence Interaction
Signif. Level (%): 57 30
cv (Z) H 5.7 1.2
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Conclusions

These first-year results indicate no significant effect of tillage on either corn or soybean yields
regardless of crop sequence. This 1s surprising since over the past 15 years continuous corn yields
with NT have rarely matched those™ yields from MP in research conducted at Waseca. However, the
effect of cropping sequence remained consistent with previous years results. Continuous corn and

continuous soybean yields were depressed by 9 and 12%, respectively, compared to a corn-soybean
rotation.
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LIMING MATERTALS AND RATES OF APPLICATION
FCR ALFAIFA PRODUCTION ON AN ACID SANDY SOIL
G. Relm, B. Anderson, and G, Cremers

Background and Justification:

The importance of lime for profitasble alfalfa production on the acid soils of Mirmesota has been
recognized for many years. Agricultural limestone produced by several quarries in Mirmesota has
traditionally been used to supply lime when needed. In recent years some other liming materials have been
introduced for sale. This study was established to evaluate various liming materials applied at several
rates on the production of alfalfa grown on a sandy soil,

Experimental Procecure:

This study was initiated in Morrison County in 1984. Results of analysis of soil samples collected in
April of 1984 are sumarized in Table 1. The tveatments used are listed in Table 2, Three liming
materials (dolomitic, Ampel, liquid) were compared. The dolomitic lime is standard agricultural lime.
The Ampel product is a pelletized, pure calcitic lime from a quarry in Iowa. The liquid material is
firely ground calcitic material suspended in water with clay., Since the percentage of effective calcium
carbonate was not the same for all materials, the products were applied to supply equal rates of effective
calcium carbonate, BCC (3348, 6696, 10004 1b. per acre). The .5 ton/acre rate of Ampel is the standard
rate recomended by the supplier to be broadcast to established stards of alfalfa. Magnesium as magnesium

sulfate was added to the anmual liquid lime treatment to detemmine if the alfalfa would respord to this
nutrient,

Except for the treatments designated as anmual applications, all liming materials were broadcast and
incorporated in April of 1984. Com was grown in 1984. Alfalfa was seeded with an ocats companion crop in
April, 1985. Adequate P, K, and S were broadcast and incorporated prior to the seeding of the ocats and
alfalfa. Treatments designated for anmual application were applied in both 1985 and 1986. Adequate P, K,
and S were topdressed to the estsblished stand in April of 1986.

Three cuttings were harvested in 1986. Moisture samples were collected from each plot for each cutting.
Yields are reported on a dry matter basis. Duncan’s Multiple Range Test was used for separation of
treatment means.

Results and Discussion:

Yield trends for individual cuttings were similar to trends shown by the total yield. Therefore, total
yields are listed in Tsble 2.

Except for the treatment where 1,000 lb/acre of the Ampel material is applied each year, all lime
applications increased the yield of alfalfa, There was mo consistent increase in yield as rate of
application increased. Although not statistically different from many treatments yields resulting from
the anmual applications of liquid lime tended to be lower.

It is not possible to mske fimm conclusion from yields collected for only one year. Fim conclusions
regarding liming materials are highly dependent on an economic analysis of the data.
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Teble 1, Relevant soil test values (0-6 in.) for the experimental site,

Property Value
e 3! - 5.5
Buffer pH 6.5
P, (B &K#l), lb/acre 81
K, 1b/acre 170
Mg, 1b/acre 100
S, ppm 3
Organic matter Medium
Texture Loamy sand

Teble 2. Influemeoflinﬂ.ngmaterialsandrateofapplicadmontheyieldofalfalfag:monmacid

sandy soil.
Liming Material Ecc
Material Applied Applied Yield
ton/acre 1b/acre ton/acre
Control - - 4,27 £*
dolomitic 3 3348 4.91 bed
dolamitic 6 6696 5.06 be
dolomitic 9 10004 5.05 be
liquid (anmual + 50 1b. Mg/acre) .35 952 4.81 cde
liquid (armssal + dolamitic) 35+ 2 3162 4.98 bed
liquid 1.86 3u8 4.89 bed
liquid 3.72 6696 5.22 &b
Ampel (anmmual) 5 952 4.66 £
Ampel 1.76 3348 5.16 be
Ampel 3.52 6696 - 4,66 de

* Treatment means follovzedby&xesmletberaremCSigﬂﬁ.camlydifEeretmat&n .05

confidence level.
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1FAF TIPBURN IN CAULIFIOWER AS INFIUENCED BY GENOTYPE AND
AND FOLIAR-APPLYED CALCIIM SPRAYS
C.J. Rosen and H.J. Buchite

Tipburn is a problem frequently encountered in cauliflower production. The disorder is characterized by
tip necrosis of young leaves surrounding the curd. In severe cases, older leaves may be affected and the
curd may show signs of browning. At later stages of development, secondary decay may ocour ard dead
tissue may fall on the curd causing discoloration and loss of marketable heads. Although the cause of
tipburn has been related to calcium rutrition, soil-applied Ca has not proved to be effective in reducing
tipbum incidence. The objectives of the present experiment were to: 1) evaluate foliar-applied Ca sprays
on cauliflower production and tipburn incidence and 2) characterize gerotypic differences in development
of tipburn symptoms.

Materials and Methods:

This experiment was conducted at the Sand Plains Research Farm in Becker, MN. The soil, a Hubbard loamy
sand had the following soil chemical properties prior to planting: pH, 6.4; P, 103 1b/A; K, 280 1b/A; Mg,
375 1b/A and Ca, 1460 1b/A. The three cauliflower cultivars used were: ‘Self-Blanche’, 'Snow Crown’, and
‘Imperial 10-6'. Plants were initially seeded in the greerhouse in a 1:1:1 peat:sand:soil mixture on May
28, 1986. Two weeks after emergence, plants were fertilized with 100 ppm N, 44 ppm P and 81 ppm K at each
irrigation. Following a spring crop of peas, plants were transplanted on June 30 and supplied with 0.13
gal soluble starter fertilizer (3 1b 12-48-8 plus micronutrients/50 gal water) per hole. Spacing was 16
within the row and 36" between rows. One week after planting, 150 1b/A 8-10-30 was banded 2" deep and 3"
to the side of each plant. Additional N was sidedressed July 17 (50 1b/A), July 31 (75 1b/A), and August
14 (50 1b/A).

The three Ca foliar spray treatments included: water-sprayed control, Ca Chelate (Nutri-Cal 8% Ca), and
calcium chloride (27% Ca). The Ca chelate was applied according to marufacturer’s recommendation of 1
gal/A per application (0.9 1b Ca/A) diluted with 25 gal water/A. Calcium chloride was applied at the rate
of 1.6 1b Ca/A per application mixed with 100 gal water/A. All treatments, including the water-sprayed
control, were applied with 0.5 pint X-77/100 gal water, a surfactant. The first spray was applied July
28. Snow Crown was sprayed twice more at weekly intervals, and Self-Blanche and Imperial 10-6 were
sprayed three more times at weekly intervals. A randomized complete block design with four replications
was used.

Snow Crown was harvested on 4 dates from August 25 to September 5. Imperial 10-6 was harvested on
Septenber 24 and 29. Self-Blanche was harvested October 1 and 6. At each harvest date, head diameter,
curd weight, hollow heart incidence, and the ramber of tipburned leaves per plant were recorded. Recently
matured wrapper leaves surrounding the curd were sampled for elemental analyses. All percentage data were
analyzed after transforming to the inverse sine. Non-txransformed data are presented in the tables.

ts s,

Yield, % hollow stem, tipburn incidence, and curd dismeter are presented in Tsble 1, Significant
differences in yield were found due to variety but not Ca spray treatment. Although Imperial 10-6 had the
highest total yield, the severe incidence of hollow stem in this cultivar significantly reduced the yield
of marketable heads. Hollow stem incidence was low in Snow Crown and Self-Blanche was highly resistent to
this disorder. Calcium chloride sprays tended to reduce the incidence of hollow stem. Tipburn severity
was greatest in Snow Crown, least in Self-Blanche and intermediate in Imperial 10-6. In plants showing
tipbum, Snow Crown had the greatest rumber of leaves that were affected. When averaged over all
cultivars, calcium chloride sprays tended to reduce the percentage of plants showing tipburn. However,
Snow Crown had a high incidence of tipburn regardless of Ca sprays. Other means of controlling tipburn
must be found for this cultivar. Although tipburn was most severe with Snow Crown the reduction in
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marketable yield due to tipbum was not that great. This may have been due to the fact that leaves
surrounding the head were not tied in this experiment. Had leaves been tied, a more humid envirorment may
have occurred resulting in more secondary infection and head discoloration. Head diameters were similar
which indicates that harvest was relatively uniform for all cultivars.

Leaf elemental concentrations in recently mature wrapper leaves are presented in Table 2. Imperial 10-6
tended to have lower concentrations of all mutrients except Mn. The low B concentrations in Imperial 10-6
may have been associated with the high incidence of hollow heart in this cultivar. However, since many
other nutxrients were also lower, it is not possible to draw any conclusions about the association from
this data. The fact that Snow Crown which had the highest tipbumn incidence was highest in leaf Ca
indicates that analysis of the whole leaf is not indicative of Ca mutritional status. Tipbur is
apparently a localized Ca deficiency not necessarily detectable by whole leaf analysis. In addition, it
may be that Snow Crown is less efficient in using Ca than the other two cultivars. Calcium sprays had no
effect on leaf elemental concentrations. In particular, leaf Ca did not increase with foliar application
of either Ca source. Because immer leaves were sampled, there may not have been direct contact with Ca
sprays. Ruthermore, the limited mobility of Ca within the plant, would prevent translocation of applied
Ca to the immer leaves.

There seemed to be a relationship between harvest date and tipbum development. That is, the earlier
harvest date (eg. Snow Crown), the greater the tipbum incidence. This suggests that wammer temperatures
during head development may erhance symptoms. However, observations of Snow Crown planted at later dates
ard harvested in late September when temperatures were much cooler indicated that tipburn incidence was
still high. The results of this experiment indicate that if tipburn is a problem, careful consideration
should be given to cultivar selection.

The assistance of Glem Titrud during the course of this experiment is gratefully acknowledged.
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Table 1. Influence of plant genotype and foliar calcium sprays on cauliflower yield, hollow stem and
tipbum inciderce.

Average
# leaves
Yield W --ccccccccccna-- § ~eeccccmmmcccocnnaaaan Head tipbumed
Diem. /tipbumed
Treatment GCultivar Total (T/A) Marketsble Hollow Stem Tipburn Plants (inches) plant
Check Imperial 10-6 11.03 60.3 71.2 39.9 6.1 6.6
CaCly Imperial 10-6 10.58 72.1 50.9 27.1 6.3 5.2
Ca Chelate Imperial 10-6 10.52 65.7 61.7 38.6 5.9 4.2
Check Snow Crown 9,97 9.6 12.5 100.0 6.0 8.2
CaCly Snow Crown 8.5 96.9 3.1 %4.8 6.0 . 9.1
Ca (helate Snow Crown 9.36 94.6 3.1 98.5 5.9 8.1
Check Self-Blarche 10.86 96.8 0.0 19.5 5.9 3.2
CaCly Self-Blanche 10.97 99.0 0.0 4.4 6.0 3.8
Ca Chelate Self-Blanche 10.07 88.8 0.0 14.5 5.7 4.3
Statistics
Main Effects
Cultivar
Imperial 10-6 10.72 66.0 61.0 35.2 6.1 5.3
Snow Crovm 9.29 95.3 6.3 97.7 6.0 8.5
Self-Blanche 10.58 9.9 0.0 12.8 5.9 3.8
(Significance) Wk Fok ok *k NS ok
Ca Treatments
Check 10.62 83.9 28.0 53.1 6.0 6.0
CaCly 9.97 89.3 18.0 42.1 6.1 6.1
Ca Chelate 10,04 83.0 22.0 50.5 5.8 5.5
(Significance) NS + + + + NS
Interaction
Ca Treatment x Cultivar NS NS NS NS NS NS

%k =<,001, *=0,01-0.05 +=005-0.1, +=0.1-0.2, NS=2>0.2
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Table 2. Influence of plant genotype and foliar calcium sprays on cauliflower nutrient levels in recently

mature leaves.
---------------- § ~--mececcccooaa-. mevm=mecccccc DA ~-------ooce-
Treatment Qultivar. N_ P K Ca Mg Fe Mn Zn Cu B
Check Imperial 10-6 3.32 0.46 3.03 0.60 0.20 54 35 27 6 19
CaCly Imperial 10-6 3.28 0.46 3.00 0.59 0.2 49 54 29 5 20
Ca Chelate Imperial 10-6 3.37 0.49 3.07 0.56 0.20 53 36 27 4 19
Check Snow Crown 4,19 0.52 3.3 1.05 0.31 65 35 31 7 2
CaCly Snow Crovn 4.15 0.52 3.28 0.97 0.31 63 33 Ky 6 22
Ca Chelate Snow Crown 3.98 0.52 3.22 0.85 0.29 60 31 31 5 23
Check Self Blanche 4,19 0.56 3.40 0.72 0.27 67 37 3l 6 25
CaCly Self Blanche 4.09 0.55 3.42 0.75 0.27 65 1.3 31 7 25
Ca Chelate Self Blarche 4.17 0.56 3.47 0.73 0.27 69 482 32 8 27
Statistics
Main Effects
Cultivar ‘

Imperial 10-6 3.23 0.47 3.03 0.58 0.20 52 42 27 5 19
Snow Crown 4,10 0.52 3.27 0.9¢ 0,30 63 33 k)3 6 23
Self Blanche 4.15 0.56 3.43 0.74 0.27 67 41 K | 7 26
(Sigﬂ_fim) Sk Sk Kk Jk Sk ok + Sk *k *k

Ca Treatments
Check 3.90 0.52 3.5 0.79 0.26 62 36 30 7 23
Ca Cly 3.8 0.51 3.23 0.77 0.26 59 17 30 6 22
Ca Chelate 3.84 0.53 3.25 0.72 0.25 61 36 30 6 23
(Significance) NS NS NS NS N NS + N O ON NS

Interaction

Ca Treatment x Cultivar NS NS NS NS NS NS NS NS ++ NS

“k = <,0.00, *=0.01-005 +=005-01 +=01-0.2, N =>0.2
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EVALUATION OF ‘ACRI-BRAND’ OOMPOST AS A FERTILIZER
SOURCE FCR PROCESSING SWEET CORN AND SNAP BEANS
C. J. Rosen and H, J. Buchite

Interest in using compost as a fertilizer source and soil amendment has increased in recent years. In
part, this is due to the need for finding safe, efficient, and ecorxmical methods of disposing of waste
material. ‘Agri-Brand’ compost is dervived from composted turkey mamare and bedding. The objectives of
this experiment were to 1) compare the effects of ‘Agri-Brand’ compost and commercial fertilizer on yield
and quality of processing vegetable crops and 2) optimize fertilizer management practices when using
‘Agri-Brand’ compost,

Materials and Methods:
The experimental sites were located at the Sand Plains Research Famm in Becker, MN. One experiment was

concducted with sweet com and a secord with snap beans. Each site, a Hubbard loamy sand, had the
following soil chemical properties (0-6") prior to fertilizer application:

Sweet Corn Snap Bean
pH 6.6 6.5
P (1b/A) 83 93
K (1b/a) 192 282

Following a previous crop of rye, sweet com (Jubilee) was planted on 16 May at a population of 24,000
plants/A (30" between rows) and snap bean (Eagle) was planted on 22 May at a population of 105,000
plants/A (30" between rows). Lasso and Bladex were used to control weeds in the sweet corn plots and
Treflan was used in the snap bean plots. The treatments included:

Sweet Corn:

50 1b N/A preplant, 100 1b N/A sidedressed 11 June

50 1b N/A preplant, 100 1b N/A sidedressed 11 June, 100 1b K50/A preplant

1.5 T/A compost preplant, 75 1b N/A sidedressed 11 June

1.5 T/A compost preplant, 140 1b/A 11-52-0 starter, 60 1b N/A sidedressed 11 June

1.5 T/A campost preplant, 75 1b N/A sidedressed 11 June, 50 1b KoO/A preplant

1.5 T/A compost preplant, 140 1b/A 11-52-0 starter, 60 1b N/A sidedressed 11 June, 50 1b Kp0/A
preplant

2.0 T/A compost preplant, 50 1b N/A sidedressed 11 Jure

Snap Bean:

Control

40 1b N/A preplant

1.0 T/A campost preplant

1.5 T/A compost preplant

2.0 T/A compost preplant

1.5 T/A compost preplant, 25 1b N/A preplant

SuFLdE

>

S s

The commercial N source was urea (46-0-0) and K90 source was potassium chloride (0-0-60). All preplant
applications were broadcast and rototilled to a depth of 6". The compost used had a mutrient content of
50 1b N/T, 75 1b P0s5/T and 50 1b KoO/I. Compost treatments were selected based on N content. Starter
fertilizer used was monosmmonium phosphate (11-48-0). Sidedressed fertilizer was irrigated in immediately
after application. Whole sweet corn plants at the 6-8 leaf stage were sanpled on 11 Jure prior to the
sidedress N application. Ear leaf samples were collected at mid-silk (17 July). Snap bean first
trifoliate leaves were sampled at the onset of flowering (2 July). Each plot consisted of four 40’ rows.
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The harvested area consisted of 15’ fram each of the center two rows for sweet corn and 10’ from each of

the center two vows for snap beans. The harvest date was 22 July for snap beans and 11 August for sweet
com.

Results:
Sweet Corn:

Starter fertilizer significantly increased early growth of sweet corn (Tsble 1). Compost at 1.5 or 2.0
T/A tended to pramte an increase in early plant growth compared to 50 1b N/A preplant broadcast. None of
the treatments had any significant effect on green or husked yield. Maturity as measured by % kernel
moisture was hastened when compost was used. Treatments did mot affect percentage of usable ears.
Starter fertilizer significantly increased early plant N and P concentrations (Teble 2). However, by
silking, plants that received starter fertilizer were lowest in ear leaf N and were mot significantly
different in ear leaf P compared to plants that did not receive starter fertilizer (Tsble 3). All plants
regardless of treatment appeared N deficient at harvest. Plants sampled at the 6-8 leaf stage were lower
in Ca and Mg when supplied with compost campared to non-compost treatments. These differences in Ca and
Mg were not detected in ear leaf samples.

The results fram this experiment indicate that sidedressed urea was not sufficient to meet the nitrogen
demands of sweet corn on a sandy soil. Because measurements were not made, it is not possible to
determine whether urea was lost through leaching or wolatilization, Ruthemmore, N release from the
campost at the rates applied was not great enough to supply the needs of sweet com. Soil levels of
nitrate-N decreased to low levels during ear development (Tsble 4). Ammonium-N levels in the soil were
relatively low at both sampling dates. There was no difference in nitrate-N or ammonium-N due to the
applied treatments.

A future study should be conducted to determine how much of the total N in ‘Agri-Brand’ compost is
available to the crop during the season in which it is applied. Starter fertilizer promoted a dramatic
increase in early plant growth; however, because N was limiting during later stages of growth, the effect
on final yield carmot be assessed. It appeared that because of the stimilation in early growth and
subsequent lack of N availability, N concentrations were diluted in plants that received starter
fertilizer. Potassium fertilizer had no significant effect on plant growth or ylelds. Any effects due to
K were probably masked by N deficiency.

Snap Bean:

Snap bean yields were not significantly affected by fertilizer or compost treatments (Tsble 5). Vine
yields increased significantly with both commercial and conpost sources of N. Higher N rates appeared to
promote vegetative growth at the expense of pod production. Nodules were apparently effective in
providing a substantial portion of the N required for plant growth. There was no difference in nodule
production due to treatment. It is possible that at the time of harvest, plots receiving the higher rates
of N were not as physiologically mature as those receiving the lower N rates. Sieve size distribution,
however, was not affected by treatment indicating that maturity of the harvested pods was similar (Tsble
6). A multiple harvest procedure should be used to follow pod maturity in future experiments. Nitrogen
concentrations in first trifoliate leaves were not significantly affected by treatment (Table 7).
Concentrations of leaf K were higher in plants receiving the compost treatment. Leaf Mg was highest in
the campost plus urea treatment.

Soll nitrate levels decreasedowrdewrseof&egravhgseascnvhﬂeammﬂ;m—Nﬁnreased(Table 8).

The increase in ammonium-N was probably due to that released from the bean roots. Samples were taken in

the row. There were no differences in levels of ammonium-N and nitrate-N due to the campost or fertilizer
treatments.
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Table 1. Influence of compost, potassium and starter fertilizer on early plant growth

(6-8 leaf stage), sweet corn yield, and ear quality.

Whole plant Green Husked Kernel coOC
6-8 leaf yield yield moisture Eligible
Treatment dw ) so---- T/A------ (%) (%)
150 1b N/A 0.80 5.88 4.18 72.9 90.6
150 1b N/A + K50 0.65 6.10 4.11 74.6 87.1
1.5 T/A compost + 0.99 6.13 4.44 69.5 88.0
75 1b N/A
1.5 T/A compost + 1.58 5.82 4,23 68.7 78.3
75 1b N/A + starter
1.5 T/A compost + 0.77 5.83 4.03 71.2 82.3
75 1b N/A + K90
1.5 T/A compost + 1.59 5.83 4,35 70.0 85.4
75 1b N/A + Kp0 + starter
2.0 T/A compost + 1.03 5.23 3.71 70.3 77.9
50 1b N/A
Significance *% NS NS *% NS
BLSD (0,05) 0.27 - - 2.2 -

Table 2. Influence of compost, starter fertilizer and potassium on nutrient
composition of whole plants sampled at the 6-8 leaf stage.

by ent N P K Ca_ Mg Fe Mn Zn Cu B
------------ $ ~emmemmema- sesceccenccc-- PPM----------

150 1b N/A 4,54 0.37 4.95 0.71 0.69 207 65 84 7 15
150 1b N/A + K90 4,34 0.29 4.8 0.74 0.67 191 60 77 6 16
(U of M)
1.5 T/A compost + 4,38 0.36 5.38 0.59 0.52 206 54 72 6 12
75 1b N/A
1.5 T/A compost + 4,98 0.70 4.80 0.52 0.55 187 64 66 7 9
75 1b N/A + starter
1.5 T/A compost + 4,39 0.35 5.52 0.63 0.51 200 63 73 6 14
75 1b N/A + Ko0
1.5 T/A compost + 4,95 0,75 4.86 0.54 0.53 204 67 66 6 11
75 1b N/A + K90 +
starter

2.0 T/A compost + 4,56 0,43 5,52 0.60 0.60 205 51 71 7 14
50 1b N/A
Significance *% *%k NS k% *%k NS NS NS NS NS

BLSD (0.05) 07 - 07 .13 - - -
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Table 3. Influence of compost, starter fertilizer, and potassium on nutrient
composition of ear leaf samples collected during silking.

Ixeatment N P K Ca Mg Fe_Mn 7Zn Cu B

--------------- $ cevcrecccccco-- ------- ppm ------
150 1b N/A 2.64 0,20 2,71 0.58 0.45 92 54 37 7 9
150 1b N/A + K,0 2.52 0.28 2.72 0.53 0.41 88 S50 33 6 10

1.5 T/A compost + 2,50 0.26 2.59 0.48 0.34 80 45 29 5 9
75 1b N/A

1.5 T/A compost + 2.17 0.30 2.73 0.54 0.42 80 44 26 5 9
75 1b N/A + starter A

1.5 T/A compost + 2.57 0.29 2.87 0.52 0.36 87 54 32 6 9

75 1b N/A + K,0

1.5 T/A compost + 2,22 0.29 2.66 0.53 0.39 8l 45 26 4 11
75 1b N/A + K20 + starter

2.0 T/A compost + 2.28 0.29 2.99 0.55  0.40 87 44 30 6 9
50 1b N/A

Significance *% NS NS NS NS * NS % *% NS
BLSD (0.05) ©0.21 . - . - 10 - 7 1 NS

Table 4. Influence of compost, starter fertilizer and potassium on KCl extractable
NO3-N and NH4-N (0-12") - sweet corn.

Treatment Sampling Date
' July 2 July 25
NO3-N NH4-N NO3-N NH,-N
-------------------- PPM ------sc-cccrccncmcanan
150 1b N/A 10.4 0.4 . 3.2 0.6
150 1b N/A + K90 11.2 0.6 2.9 0.5
1.5 T/A compost + 7.1 0.4 2.8 0.5
75 1b N/A
1.5 T/A compost + 7.2 0.5 3.7 0.6
75 1b N/A + starter
1.5 T/A compost + 7.9 1.0 3.3 0.6
75 1b N/A + K70
1.5 T/A compost + 6.5 0.8 3.0 0.6
75 1b N/A + K90 + starter
2.0 T/A compost + 7.7 0.5 3.2 0.5
50 1b N/A

S canc NS NS NS NS




169

Table 5. Effect of compost treatments on snap bean yields, vine yields,

leaf nitrogen and nodulation.

Pod Yield Vine Yield

Treatment T/A T/A
Control 4,35 6.40
40 1b N/A 4,66 7.78
1 Ton Compost/A 4.95 7.49
1.5 Ton Compost/A 4.74 8.23
2.0 Ton Compost/A 4.33 8.67
1.5 Ton Compost/A + 4.43 8.09
25 1b N/A

Significance NS *
BLSD (0.05) - 1.20

g dw nodules/
g dw roots

0.172
0.135
0.203
0.229
0.181
0.293

NS

Table 6. Effect of compost treatments on snap bean sieve size distribution.

Sieve Size
1 2 3 5

Treatment

Control 2.5 11.5 13.4 32.1 1.3
40 1b N/A 3.3 13.2 - 13.4 31.9 0.0
1 Ton Compost/A 2.5 9.9 17.4 23.8 0.0
1.5 Ton Compost/A 4.0 15.2 18.8 19.0 0.0
2.0 Ton Compost/A 1.4 12.7 21.4 32.9 1.3
1.5 Ton Compost/A + 3.1 . 9.6 23.0 22.7 0.7
25 1b N/A

Significance NS NS NS NS
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Table 7. Influence of compost and ammonium nitrate on leaf composition of the first
trifoliate leaves sampled.

Treatment
Number

Control

40 1b N/A

1 Ton Compost/A
1.5 Ton Compost/A
2.0 Ton Compost/A

1.5 Ton Compost/A +
25 1b N/A

Significance
BLSD (0.05)

N P K Ca Mg
.............. -
2.68 0.22 3.14 3.39 0.77
2.75 0.18 3.11 3.17 0.68
2.63 0.20 3.43 3.49 0.76
2.58 0.19 3.50 3.48 0.78
2.60 0.20 3.56 3.50 0.79
2,77 0.19 3.40 3.56 0.84
NS NS * NS *
- - 0.41 - 0.12

Fe Mn Zn Cu B
------------- pPpm----------
230 82 25 76 . 26
182 79 24 95 26
227 85 24 61 30
216 85 23 51 29
196 88 24 72 27
197 93 23 51 25
NS NS NS NS NS

Table 8. Influence of compost treatments on KCl estractable NO3-N and NH4-N (0-12")-

snap beans.

Control

40 1b N/A

1 Ton Compost/A
1.5 Ton Compost/A
2.0 Ton Compost/A

1.5 Ton Compost/A +
25 1b N/A

Sigificance

S

July 2

NO3-N NH,-N

-------------------- Ppm
5.1 0.5
6.7 0.6
6.3 0.6
6.8 0.5
8.1 0.6
7.8 0.5
NS NS

at
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DECLINE RATES OF SOIL TEST P AND K IN A CORN-SOYBEAN ROTATION
1986
G. W. Randall and S. D. Evans

With good fertilization practices over the last 20 to 30 years, many farmers throughout the Cornbelt
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
soil test drop if 1 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 thig 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 l12-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 soil 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 did not receive addi-
tional P in 1985 while treatments 6 and 7 at Waseca did not receive K. The K treatments were not
included at Morris because of very high native soil test K levels. Treatment 5, which had a moder-
ately high level of fertilization prior to 1985, continues to receive P and K, and thus, serves as
the high fertilicy control.

The P and K materials (0-46-0 and 0-0-60) were broadcast on the soil surface and incorporated by
moldboard plowing the corn residue in the fall of 1985. Specific experimental procedures used for
soybeans 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 delayed some-
what at both locations by wet weather in mid-May.

Table 1, Experimeﬁtal procedures for soybeans on the high P and K rate study at the two branch
stations in 1986.

Location
Variable Morris Waseca
Planting date 5/20 5/22
Row spacing 6" 15"
Planting rate 3 beans/foot 4} beans/foot
Variety Evans Hardin
Herbicide 3# Lasso + 2}# Amiben/A (Bdct) 31# Lasso + 3f# Amiben/A (Bdct)
Harvest date 10/1 10/8
Soil type Aastad clay loam Webster clay loam

RESULTS AND DISCUSSION

Total phosphate (P and potash (K,0) applied over the 12-yr period ranged from 0 to 1200 1b/A
(Tables 2 and 3). T%ese application ‘rates plus the 1985 rates resulted in highly significant dif-
ferences in soil test P at both locations but no significant difference in soil test K at Waseca. At
Waseca soil test P ranged from 14 to 100 1b P/A (Table 2). Soybean yields were increaged signifi-
cantly by P but plateaued at soil P levels higher than 46 1b/A., Slightly lower yields were seen at
the 255 1b K/A test compared to the control (trt 5), but this yield depression (3.2 bu/A) wag not
significant at the P = 95% level.

At Morris, Bray P, ranged from 10 to 75 1b/A while Olsen's NaHCO, test ranged from 12 to 79 1lb P/A
(Table 3). Increasing Bray P, from 10 to 35 1b/A resulted in aztighly significant 22.1 bu/A yield
response. No additional yiel h response was noted with the 75 1b/A soil test level compared to the
35-1b level. Leaf P was significantly lower at the 14 1b/A soil P level compared to levels of

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



172

35 1b/A and above (Table 4.) Increasing soil test P over 35 1b/A did not further increase leaf P
concentration. Phosphorus deficient soybean plants showed slightly elevated concentrations of Fe and
Zn in the leaves. None of the other nutrient concentrations were affected by the P treatments.

Table 2. Soil test values, soybean seed moisture, and soybean yield as influenced by 13 years'
application of P and K at Waseca.

P and K Treatments

Total v Soil Test 2/ Soybean seed

No. 1973-84 1985 pH P K Moisture Yield
----- b P,0, + K,0/A === -—- 1b/A --- b2 bu/A

2 0 + 1200 0+ 100 6.8 14 305 14.8 45,7
3 600 + 1200 0 + 100 6.6 46 290 15.0 49,1
4 1200 + 1200 0 + 100 6.6 85 295 14.9 50.4
5 600 + 1200 100 + 100 6.7 50 290 15.0 50.8
6 1200 + 0 100+ O 6.7 100 255 14,7 47.6
7 1200 + 600 100+ 0 6.7 99 270 14.8 49,7
Signif. Level (%): 17 99 35 94 95

BLSD (.05) H 21 3.7

cv (%) : 2.9 19, 13. 0.9 3.7

2/ Treatments applied Fall of 1985 for 1986 crop.
Samples were taken in October before 1986 treatments were applied.

Table 3. Soil test values, soybean seed moisture, and soybean yield as influenced by 13 years'
application of P and K at Morris.

P and K Treatments

Total 1/ Soil Teet‘z/ Soybean seed
No. 1973-84 1985 pH P, P, K Moisture Yield
==—-1b P, 0. + K,0/A ~———- = 1b/X z bu/A
275 2
2 0 + 1200 0 + 100 7.9 10 12 590 13.9 28.1
3 600 + 1200 0 + 100 7.7 35 36 530 14.4 50.2
4 1200 + 1200 0 + 100 7.8 75 79 545 14.4 50.7
5 600 + 1200 100 + 100 7.8 32 34 530 14.6 47.0
Signif. Level (Z): 78 99 99 79 99 99
BLSD (.05) : 19. 21, 0.3 11.2
CV (%) : 1.1 32. 33. 7.5 1.3 16.
1/

2/ Treatments applied Fall of 1985 for 1986 crop.
=’ Samples were taken in October before 1986 treatments were applied.

Table 4. Effect of high P and K rates on the nutrient concentrations in the soybean leaves at Morris

in 1986.
1985 Treatment Nutrient ngggntrationl/
No. P & K Rate P K Ca Mg Fe Mn Zn Cu B
1b P,0_ + K, 0/A 2 ppm
25 2
2 0 + 100 .37 2.40 .87 .45 165 82 47 10.9 47
3 0 + 100 .55 2.49 .80 b4 132 79 43 9.9 45
4 0 + 100 .56 2.61 .80 43 134 85 40 9.9 44
5 100 + 100 .53 2.47 .79 .45 136 81 42 9.2 46
Signif. Level (Z): 99 87 67 44 99 58 926 73 61
BLSD (.05) : .09 - - - 21 - 4 - -
cv (%) : 12, 4.5 8.3 4.7 8.8 5.7 5.9 11, 5.5
1/

Uppermost, mature trifoliate at the R2 stage.
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CONCLUSIONS

Long~term (12-yr) P additions to these two soils created a wide range in soil test P levels. Soybean
ylelds were optimized over the no P treatments at soil test P levels of 35 1b/A at Morris and 46 1b/A
at Waseca. In this first year of the study following the 12-year P and K applications, we were not
able to detect consistent decline rates in soil test P and K when these materials were not added.
Additional years will be needed to determine these decline rates.
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NITROGEN SOURCES AND RATES FOR
CONTINUOUS CORN IN GOODHUE COUNTY

1986
G. W. Randall and P, L. Kelly

The purpose of this investigation was to continue a study which had been started in 1985 to determine
;he infl:ence of various N sources and N rates. on corn production and residual soil NOB-N in a silt
oam soil.

EXPERIMENTAL PROCEDURES

This study was located at the Roger and Doug Kleese farm on a Mount Carroll silt loam (Mollic
Hapludalf) that had been planted to continuous corn. The field had been chisel plowed annually until
the spring of 1986 when it was moldboard plowed. Soil tests in 1985 indicated: pH = 6.2, Bray
Pl = 48 1b/A (VH), exchangeable K = 374 1b/A (VH), and extractable SOa—S = 7 ppm (Medium).

Sixteen N treatments (Table 1) were applied in May, 1985 and were applied again to the same plots in
1986. A randomized, complete-block design with four replications was used. Each plot measured 10'
wide (4 - 30" rows) x 35' long.

Corn (Pioneer 3737) was planted on May 6 with 100 1b of 9-23-30/A applied in a 2 x 2" band with the
planter. Excellent weed and rootworm control were obtained with Bicep and Counter, respectively.

Nitrogen treatments were broadcast on the soil surface on May 14 and were not incorporated. (Surface
residues were absent.) An additional 30 1b N/A as AN was split applied as a sidedress treatment to
one of the existing 120-1b treatments at the 8-leaf stage (June 19). -

Soil samples were taken from the AN treatments in l-foot increments to 8 feet on April 22 (prior to
application of the N) and again on November 11. All samples were dried, ground and analyzed for
N03-N. Grain yields were taken on October 10 by hand harvesting.

RESULTS AND DISCUSSION

Growing conditions during 1986 were excellent. Rainfall for the growing season totaled over 27
inches. Under these conditions one would predict high yields and downward movement of NOB-N.

Corn grain yields shown in Table 1 were increased over the check by all of the N treatments even
though the ckeck yielded 159.6 bu/A, This high yield without N was probably due to a number of
factors: an excellent growing season, favorable conditions for soil mineralization to supply N, and
stimulated mineralization due to the moldboard plowing of the site which had been chisel plowed for a
number of years. Yields continued to increase significantly with each increment of N up to
180 1b N/A. The 240-1b rate did not increase yield additionally. Split application of 150 1b N/A
did not significantly increase ylelds over the single preemergence application of 120 1b/A and did
not match the yield of the 180-1b rate. When averaged over N rates, significant yield differences
(P = 907 level) among the N sources were not found. There was no N source x N rate interaction.

Ear moisture was lowered by most of the N treatments compared to the check (Table 1l). Although
slight population differences existed, they were not influenced by N rate or source.

Residual NO,-N in the 0-8' soil profile in April, 1986 from the 1985 N treatments indicate a linear
relationship to N rate up through 180 1b N/A (Table 2). These amounts are 18, 7, 28, 18, and 40%
lower than from samples taken from the same 0, 60, 120, 180 and 240-1b N rate plots in mid-November,
1985. This indicates that significant amounts of N03 were lost from this soil profile over the
winter and early spring, most likely by leaching.

Amounts of residual NO_,-N remaining in the 0-6' profile at the end of the 1986 growing season were
very low (Table 3). Sfight increases were found at the 180- and 240-1b N rates, but these were still
low when considering the high rate of application and the small yield response over the 120-1b N
rate. These data suggest that under these high-rainfall conditions substantial amounts of NO3 vere
leached from the rooting profile of these well drained, silt loam soils.

Please refer to title page of this publication for information regarding application and use of this
article.
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Table 1. Corn yields and final population as influenced by N rource and rate of application.

N Treatment Grain Ear Final
Source— Rate Yield Moisture population
1b N/A bu/A z PPA x 107
CHECK 0 159.6 34.6 27.2
AN 60 193.1 32.9 27.2
" 120 207.4 31.7 27.1
AS 60 192.6 32.2 26.4
" 120 202.2 33.2 26.4
UAN 60 188.0 31.9 26.4
" 120 207.0 31.4 27.0
UAN+S 60 199.8 31.8 26.8
" 120 213.3 32.1 28.1
Urea 60 186.1 31.7 26.0
" 120 201.8 31.8 27.1
JUR+iAs 60 190.4 32.4 27.5
" 120 202.6 31.8 26.7
AN 180 214.2 32.2 27.8
" 240 2 214.7 31.8 27.9
" 150 split‘l 203.3 32.5 26.4
Signif. Level (%): 99 96 99
BLSD (.05) : 9.3 2.0 1.2
cv (%) : 3.6 3.4 2.8
INDIVIDUAL FACTORS
N Source (50 + 100 1b)
AN 200.2 32.3 27.2
AS 197.4 32.7 26.4
UAN 197.5 31.6 26,7
UAN+S 206.6 32.0 27.4
Urea 196.5 32.1 27.1
JUR+1AS 194.0 31.8 26.6
Signif. Level (%): 87 46 86
N Rate (1b/A)
60 191.7 32.1 26,7
120 205.7 32.0 27.1
Signif. Level (Z): 99 34 85
INTERACTION Significance Level (%)
Source x Rate 14 53 87

Yy AN = ammonium nitrate, AS = ammonium sulfate, UAN = urea-ammonium nitrate,
2/ UAN + 2% S as AS(25-0-0-2), and UR = urea.
120 1b N/A applied 5/14 + 30 1b N/A applied 6/19 at 8-leaf stage.
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Table 2. Residual soil N03-N in the soil profile in April, 1986 as influenced by N rate applied in

May, 1985,
Profile N Application Rate (1b/A)
depth 0 60 120 180 240
feet 1b N03-N/foot
0-1 18 18 17 32 23
1-2 7 13 13 27 26
2=-3 11 18 25 28 33
3-4 9 22 25 37 27
4=5 8 15 19 15 19
5-6 9 15 12 18 20
6-7 9 12 16 15 13
7-8 11 13 15 13 11
Totals
0-5"' 53 86 99 139 128
5-8¢ 29 40 43 46 44
0-8' 82 126 142 185 172

Table 3. Residual soil N03—N in the soil profile in November, 1986 as influenced by N rate applied
in May, 1986.

Profile N Application Rate {1b/A)

depth 0 60 120 180 240
feet 1b NOs-N/foot

0-1 16 15 18 17 20
1-2 4 5 6 22 19
2-3 2 2 4 15 23
3-4 S 6 5 11 14
4=5 8 11 7 12 11
5-6 8 11 9 12 10
Totals 43 50 49 89 97

CONCLUSIONS

Excellent growing conditions during 1986 resulted in very high corn yields (160 bu/A) when no N was
added but were significantly increased up to 214 bu/A with 180 1b N/A. No differences among sources
of N were found. Significant amounts of NO,-N were lost from the 0-8' soil profile during the winter
of 85-86 with substantial losses from the 0=6' profile during the 1986 growing season.
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INFIUENCE OF CROP HISTORY AND MANURE USE (N NITROGEN RATES
FOR CORN PRODUCTICON IN SOUTHEASTERN MINNESOTA
G. Relm, G. Cremers, B. Anderson

J cati,

Detection of nitrate-nitrogen (NO3-N) and some agricultural chemicals in the grondwater in Minmesota
continues to be a major concern. Because of the karst topography in southeastern Mimnesota, the region is
vulnerable to rather rapid movement of NO3-N to the ground water if this NO3-N moves out of the root zone.
While it is impossible to eliminate completely the leaching of NO3-N to the groundwater, it is possible to
keep additions to an ebsolute minimmm. To do this, strict attention to N management is a necessity.

Selection of an adequate, but not excessive, rate of fertilizer N is the major management consideration in
any attempt to prevent any increase in the NO3-N concentration in the groundwater. Choice of an
appropriate N rate is largely influenced by yield goal, organic matter content of the soil, use of legumes
in rotation and marnure usage. The study was conducted for the purpose of determining the influence of

legumes in the crop rotation and manure use on fertilizer N requirements for corn production in southeast
Minmesota.

Experimental Procedures:
Three sites were selected in April, 1986. The history of each site is as follows:

#1 - corn following alfalfa heavily mamured in the past

#2 - com following corn heavily manured in the past

#3 - corn following continus corn where no marure had been used
Soil samples were collected from 0-6, 6-12, 12-24, 24-36, 36-48, and 48-60 inch increments from each site.
Four samples were collected from sites 1 and 3. Because of the history of mamure use, 28 samples were
collected from site 2. Results of analysis of these samples are sumarized in Table 1.

Table 1. Soil properties of the experimental sites in Winona County, 1986.

Depth_(in.)
Site
No, Property 0-6 6-12 12-24 2-36 36-48  48-60 Total
1 ™ 6.7 - - - - . -
P, 1b/A 73 . - - - . .
K, IbyoA 293 . - . . - .
NO3-N, Ib/A 17.5 7.0 6.5 11.5 8.3 4.7 55.5
oM., % 45 31 1.6 7 5 5 -
2 6.7 . - - - - .
P, 1b/A 86 - - - - - -
K, /A 286 - - - - - .
NO3-N, 1b/A 13.9 12.7 26.2 21.8 15.7 8.8 99.1
oM., 40 2.8 1.2 4 .3 3 -
3 o 6.9 . . - - - -
P, 1b/a 38 . - . - - .
K, 1b/a 29 - - - - . -
NO3-N, Ib/a 125 7.4 18.7 19.2 13.7 11.4 82.9
oM. % 39 29 1.4 5 4 2 -
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There was mot a large amount of variability in the results from sites 1 and 3. There was, however, a
substantial amount of variation in the amount of NO3-N to a depth of 5 feet at site 2. Total amount of

%-measmmedvaﬂed&anﬁmwllb.peram:e. This varisbility is attributed to the previous heavy
use or manure.

Seven rates of fertilizer N supplied as 46-0-0 were broadcast and incorporated at each site. Rates were

the same at sites 1 and 3. Because of an error in equipment calibration, higher rates were applied at
site 2,

Management practices needed to achieve high ylelds were used at all sites. Cooperating farmers were
responsible for planting and cultivating. Grain yields were measured by hand harvest techniques in mid-
October. Soil samples were collected from 0-6, 6-12, 12-24, 24-36, 36-48, and 48-60 inches from each plot
in early Novenber and analyzed for NO3-N.

Results and Discussion:

Results from site 1 are sumarized in Table 2. Even though yields were high, there was no statistically
significant increase from added fertilizer N. These results indicate that substantial amounts of N were
derived from mineralization of the organic N sources supplied by the previous crop of alfalfa and past
applications of marure.

The amounts of NO3-N found in the root zone at the end of the growing season were relatively low. There
was some increase as rate of fertilizer N increased, but these ircreases were small. It’s important to
note that amounts of NO3-N found in November were higher than the amount found at the initiation of the

study in April. This is added evidence for substantial N derived from mineralization of the soil organic
matter.

Table 2. Effect of rate of applied N on corn yield and NO3-N in the root zone at the end of the 1986
growing season at site 1.

N Grain NO3-N to

Applied Yield 5 feet

1b/acre bu/acre 1b/acre
0 215 80
40 223 84
80 209 86
120 ’m 91
160 207 94
200 212 102
240 214 101

There was a response to the use of fertilizer N at site 2 (Table 3). Statistical analysis of the data
shows that the use of 100 1b. N per acre produced maximmn yield at this site. With the high yields
recorded, substantial amounts of N were apparently supplied from residual NO3-N and mineralization of the

organic nitrogen supplied by previous application of manuwe.
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Table 3. Effect of rate of applied N on corn yield and NO3-N in the root zone at the end of the 1986
growing season at site 2.

N Crain NO3-N to
Applied Yield 5 feet
1b/acre bu/acre 1b/acre

0 176 74

50 192 83

100 202 74
150 192 98
200 188 100
250 199 127
300 193 149

The amount of NO3-N in the root zone measured in Novenber also increased with rate of applied N. The
amounts measured were not as high as recorded in the April sampling.

Delayed planting reduced the yield level at site 3 (Table 4). Statistical analysis of the data showed
that a rate of 160 1b. N per acre was necessary to achieve highest yield. The amount of residual NO3-N to
5 feet also increased with rate of applied N but increases were small.

Teble 4, Effect of rate of applied N on corn yield and NO3-N in the root at the end of the 1986 growing
season at site 3.

N Grain NO3-N to

Applied Yield 5 feet:

1b/acre bu/acre 1b/acre
0 107 55
40 124 57
80 138 70
120 139 : 65
160 139 71
200 148 64
240 144 71

In westermn Mimnesota, measurement of residual NO3-N in the root zone (soil nitrate test) is widely used as
a management tool to predict the rate of fertilizer N needed for both com and small grain producticn.
Some have asked if this test could be used in eastern and southeastern Mimmesota. The results of this
study indicate that this test would not be useful in this part of the state.

Before planting, residual NO3-N was 56 1b. per acre at site 1 and 83 1b. per acre at site 3. There was no
response to fertilizer N at site 1 vhile a rate of 160 1b. N per acre was needed at site 3. It's apparent
that additional work is needed to develop a soil test procedure that will predict the rate of fertilizer N
needed for corn production on the well drained soils of southeastern Mirmesota.
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Supmary:

It is not possible to draw specific conclusions from the results of one year of field research. Yet,
there are same general coments that can be made. These are:

- Fertilizer N is still needed for profitable com production on the majority of the fields in
southeastern Mimmesota.

- Rate of fertilizer N needed is highly influenced by apparent easily mineralizable N in the soil organic
matter,

- Measurement of residual NO3-N does not improve our ability to make more accurate prediction of the
amount of fertilizer N needed for corn production.
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EVAIIIATION OF THE RELATIONSHIP BETWEEN TILIAGE
AND PLACEMENT OF P AND K IN A OORN-SOYBEAN ROTATION
G. W. Retm, S.D. Evans, W.W. Nelson, G.W.Randall

Background and Justification

Recent changes in American agriculture have stimilated thirking sbout placement of phosphate and potash
fertilizers for both corn and soybean production. In recent years, the emphasis in fertilizer use has
switched from broadcasting whenever possible to developing placement alternatives that allow for maximm
efficiency in fertilizer use. There has also been an increase in the rate of adoption of conservation
tillage systems. Because of concerns over stratification of immobile rutrients, growers are seeking
alternatives to broadcast application of phosphate and/or potash in these tillage systems.

Until recently, growers could apply needed phosphate and potash in a starter at planting, as a broadcast
and incorporated application before planting or as a combination of these two methods. With modern
advances in application equipment, alternatives to broadcast and starter plecement of phosphate and potash
fertilizers are now availsble. This study was designed to answer same of the questions that deal with
placement of phosphate and potash fertilizers in a com-soybean rotation.

Objectives:

1. To detemmine the effect of the interaction between tillage system and placement of P and K on soybean
yleld in a corn-soybean rotation.

2. To measure the effect of placement of P and K on nutrient uptake by soybeans grown in two contrasting
tillage systems.

3. To quantify the distribution of P and K in the root zcne after the positioning of these nutrients by
selected placement methods. This distribution will be determined only after these two nutrients have been
applied for a period of several years.

4. To evaluate practical sampling procedures which can be used to accurately predict requirements for P
and K as affected by both fertilizer placement and tillage system used. The collection of both soil and

plant samples will be used to develop a sampling procedure which will accurately predict the requirements
for fertilizer P and K.

Experimental Procedures:

This study was initiated at three branch experiment stations of the University of Mirmesota (Waseca,
Lanberton, Morris) in the fall of 1983. Relevant soil properties measured at the initiation of the study

are listed in Table 1. Corn was the test crop in 1984 and 1985. Soybeans were grown on all plots in
1986.

Four factors (tillage system, rate of applied Po0s5 and K90, placement of PoOs5 and Ky0, and starter
fertilizer use) are being evaluated at the Waseca and Morris locations. Space limitations dictated that
fewer treatments be used at the Lanberton location. Therefore, only one rate of Py0s5 and Ky0 was used at
Lanberton. The study was conducted on both low fertility and high fertility sites at Waseca and
Lanberton, Only ore site (high fertility) was used at Morris.
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Teble 1. Selected soil properties (0-6 in.) for the experimental sites measured at the initiation of the

study.
Location and Fertility Tevel

Waseca Lanberton Morris
Soil
Property High Tow High Tow High
pH 6.6 6.1 5.8 6.0 7.5
P, (BSK #1), 1b/acre 48 14 3 1 39
K, (IN i, G H.0,), 1b/acre 433 190 305 222 259
Organic Matter, % 3.5 3.5+ 3.0 3.0 3.5+
Texture ax  CL [o: R o P SiL

* CL - clay loam; SiL - silt loam

A suspension fertilizer, 4-12-24, was used to supply two conbinations of P05 and K0. One rate, 44 1b.
P05 and 87 1b. Ky0 per acre, approximates removal of P and K by a typical corn crop. The second rate
used was 1.5 times greater than this initial rate.

The fertilizer materials 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 5-6 inches below the soil surface in the middle
of existing rows. These treatments are repeated on initial plots each year. Treatments were applied in
late October and early Novenber. The fall chisel tillage operation is completed after fertilizer
application,

There is no tillage operaticn prior to planting for the ridge-till system. The fall chisel plots are
disked in the spring prior to planting. A 7-21-7 at 100 1b. per acre is used as a starter fertilizer at
the Waseca and Lanberton locations. At Morris, a 10-34-0 applied at 117 1b, per acre is used as a starter
fertilizer. Every effort is made to use management practices that will contribute to the highest yield at
each location.

Soybeans grown in 1986 were sampled at early to mid bloom. The most recently matured trifoliate was taken
from 50 plants in each plot. These samples were dried, ground, and analyzed for P and K by standardized
ICP procedures. Soybean yields were measured with plot conbines at all locations. Yields are corrected
to a 13.5% moisture basis before reporting.

Results and Discussion
Morris Trials

Soybean yields at this location were ot influenced by tillage system, fertilizer placement, rate of
application, or starter fertilizer use. Since rate of application did not affect yields, results from the
use of the lower rate are summarized in Table 2.
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Table 2. Effect of tillage system, fertilizer placement, and starter fertilizer use on soybean yield at
Morris when 44 1b. P205 and 87 1b. K0 per acre were applied.

Tillage System
__Ridge ti11 Fall Chisel
No No
Placement Starter Starter Avg, Starter Starter Ave,
---------------------------------- bu/acre -----=-ceccmccemceimcccccnecnnes
Broadcast 43.3 42.2 42.8 42.0 45.3 43.7
Surface Bard 42.8 42.6 42.7 4.4 43.3 43.9
Subsurface Band 43.0 441 43.6 41,7 44.0 42.9
Avg. 43.0 43.0 42,7 44,2

When averaged over placement, rate of application and starter fertilizer use, soybeans grown in the ridge-

till system yielded 43.1 bu. per acre while those grown in the fall chisel management system yielded 42.3
bu. per acre.

The most recently matured leaves (petiocles removed) were collected at early to mid bloom in an effort to
evaluate the effect of study variables on uptake of P and K by the soybean plant. Phosphorus and
potassium concentrations resulting from the low rate of fertilizer applied are summarized in Tables 3 and
4 respectively.

The P concentration in the soybean tissue was significantly affected by tillage system only. When
averaged ovex the other varisbles in the study, the P concentration was .358% when the fall chisel
production system was used and .403% for the ridge-till planting system. Both values are adequate
concentrations for soybean growth. Since there was no significant difference in yield due to tillage
system, this observation indicates that soybean plants were able to absorb more P when planted with the
ridge-till system at this location.

Table 3. Effect of tillage system, P and K placement, and starter fertilizer use on the P concentration
of the most recently matured trifoliate at early to mid bloom when 44 1b. P)Os5 and 87 1b. Kx0
per acre were applied at Morris.

Tillage System
Ridge ti1) — FallGhisel
No No .
Placement Starter Starter, Avp, Starter Starter Avg,
............................................. % P cccevecemumamcmmcmmmec—cceccemeeee-
Broadcast 431 .382 407 .362 .368 .365
Surface Band 405 .376 .91 .367 .342 .355
Subsurface Band 407 2382 .395 313 =361 .337
Avg. RATA .380 347 .357

The K concentration in the soybean leaf tissue was significantly affected by the tillage system used and

fertilizer placement (Tsble 4). Concentration of K was higher with the ridge-till management system vhen
averaged over the other factors in the study. Considering placement, the broadcast application produced

the highest value, while the use of the subsurface band resulted in the lowest K percentage. The tillage
x placement interaction was not significant.
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Table 4. Effect of tillage system, P and K placement, and starter fertilizer use on the K concentration
of the most recently matured trifoliate at early to mid-bloom when 44 1b. P05 and 87 1b. Ko0
per acre were applied at Morris,

Tillage System
Ridge till Fall Chisel
No No
Placement Starter Starter Avg. Starter Starter Avg,
............................................ B K cecmcrccccococmcncaccsacncasannaacan-
Broadcast 2,34 2,27 2,31 2.17 2.22 2.20
Surface Band 2.21 2,29 2,25 2.08 2.02 2.05
Subsurface Band 2,16 2.17 2.17 1.95 2.01 1.98
AVG, 2.24 2.24 2.07 2.08
Lanberton Trials

Space limitation prevented the use of two fertilizer rates at this location. Therefore, the 44 1b. Py05
and 87 1b. K90 per acre rate was used at both the high and low fertility sites.

In 1986, soybean yield at both the high and low fertility sites was not significantly affected by tillage
system, fertilizer placement or starter fertilizer use (Tsbles 5, 6). There was a significant tillage x
placement interaction at the low fertility site.

Table 5. Effect of tillage system, P and K placement and starter fertilizer use on soybean yleld at the
low fertility site at Lamberton.

Tillage System
__Ridge til1] Fall Chisel
No No
Placement Starter Starter Avp, Starter Starter Avg,
------------------------------------------- bu/acre ---------ccecccccmccmmmacioiaonane
Broadcast 42.5 44.5 43.5 45.0 47.0 46.0
Surface Band 46.6 441 45.4 - 485 4.5 46.5
Subsurface Band 41.6 44.8 43.2 41,6 42.3 42.0
Avg. 43.6 44,5 45.0 44.6

The yield from the non-fertilized control at the low fertility site was 32.4 bu. per acre for the ridge-
till system and 34.5 bu. per acre for the fall chisel planting system. These ylelds were significantly
lower than yields resulting from use of fertilizer in all other treatments.

At the high fertility site, yield from the non-fertilized control was 47.0 bu. per acre in the ridge-till
system and 46.6 bu. per acre in the fall chisel system. These ylelds were not significantly different
from yields resulting from the use of other fertilizer treatments at this site.
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Table 6. Effect of tillage system, P and K placement and starter fertilizer use on soybean yield at the
high fertility site at Lamberton.

Iillage System
Ridge till Fall Chisel
No No
Placement Starter Starter Avg, Starter Starter Avg,
------------------------------------------- bu/acre -----<cccceccceccccicccicccnccncnnnn
Broadcast 48.8 49.1 49.0 48.7 48.9 48.8
Surface Band 46.4 47.6 47.0 47.6 47.8 47.7
Subsurface Band 50,4 48,8 49.6 48.0 46.8 47.4
Avg. 48.5 48.5 48.1 47.8

Concentration of P in the trifoliate tissue from the low fertility site was significantly affected by
tillage system, fertilizer placement, and starter use (Teble 7). There were mo significant interactions
among these three varisbles at this site. Considering placement, the P concentration was highest when
fertilizer was broadcast. The lowest P percentage was associated with the surface band application.

Phosphorus concentration was highest when the ridge-till system was used and fertilizer was applied.
These results are consistent with those from the Morris high fertility location. As might be expected at
a low fertility site, the P concentration in the soybean leaf tissue was higher when starter fertilizer
was used. The P concentration in tissue fram the control treatment was .286% for the ridge-till system
and .291% for the fall chisel system at this low fertility site.

Table 7. Effect of tillage system, P and K placement and starter fertilizer use on the P concentration of
the most recently matwred trifoliate at early to mid-bloom at the low fertility site at

Lanberton.
Tillage System
Ridge till Fall Chisel

No No
Flacement Starter Starter Avg, Staxter Starter Avg.

.................................. E P -ccccmiecccccccccccccnncsoncnncocan
Broadcast .381 .363 372 .378 .304 Al
Surface Band .362 316 .339 .316 311 34
Subsurface Band 2365 2342 .35 .316 2298 .307

AVG. .369 .340 337 .304

At the high fertility site, P concentration in the soybean tissue was significantly affected by tillage
system and starter fertilizer use (Table 8). Fertilizer placement had no significant effect on P
concentration at this site and there were no significant interactions.

When averaged over other variables, P concentration was higher in the ridge-till management system. This
is again consistent with results from other locations. The P concentration was also higher where starter
fertilizer was used. For the high fertility site, the P concentration from the non-fertilized control was
.347% for the ridge-till system and .331% for the fall chisel system.
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Table 8. Effect of tillage system, P and K placement, and starter fertilizer use on the P concentration
of the most recently matured trifoliate at early to mid-bloom at the high fertility site at

Lanbexton.
Tillage System
___Ridge til) Fall Chisel
No No

Placement: Starter Starter Avg, _Starter Starter _ Avg,
................................... G P ccvccccmcccescccccccmcamsscasaecann-

Broadcast .384 312 .u8 .339 .299 319
Surface Band .395 .356 376 321 343 .332
Subsurface Band 370 2348 .359 2318 2333 326
Avg. .383 .339 326 325 '

The K concentration in the soybean trifoliate tissue from the low fertility site was affected only by
tillage system (Table 9). As was the case with P, concentration of K was higher in the ridge-till
management system. The K percentage from the control treatment at this site was 1.92% for the ridge-till
system and 1.87% for the fall chisel management system.

Table 9. Effect of tillage system, P ard K placement, and starter fertilizer use on the K concentration
of the most recently matured trifoliate at early to mid-bloom at the low fertility site at

Lanberton.
Tillage System
Ridpe till — _FallChisel
No No
Placement Starter Starter AVE, Starter  Starter = Avp,
................................... K --ccmcceccicccceccccccecasccaccccaan
Broadcast 2.05 2.09 2.07 2.10 1.92 2.01
Surface Band 2.03 2.00 2.02 2.05 1.90 1.98
Subsurface Band 2,09 2,03 2.06 1,93 1,82 1.88

Avg. 2.06 2.04 2,03 1.88

The treatment applied had no significant effect on the K concentration of the soybean trifoliate tissue at
the high fertility site (Table 10). The K concentration in the non-fertilized control was 1.98% for the
ridge-till management system and 1.89% for the fall chisel management system.
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Table 10. Effect of tillage system, P and K placement, and starter fertilizer use on the K concentration
of the most recently matured trifoliate at early to mid-bloom at the high fertility site at

Lanberton.
Tillage System
Ridge till Fall 1
No No

Placement Starter Starter Avg, Starter Starter Avg.
.................................... K -ccccccccmscenmmcmmmmmmmce—nacaeaa.
Broadcast 2.05 1.77 1.90 1.98 1.82 1.90
Surface Barnd 2.04 1.90 1.97 1.85 1.96 1.91
Subsurface Band 2.02 1.98 2.00 1.83 1.96 1.90

Avg. 2.04 1.88 1.89 1.91

Waseca Trials

Soybean yield at the low fertility site was significantly affected by tillage system and the tillage x
placenent interaction was significant at the 91% confidence level (Table 11). When averaged over all
other varisbles, yleld was higher for the ridge-till planting system. Yield from the control treatment at
this site was 45.2 bu. per acre for the ridge-till system and 45.0 bu. per acre when the fall chisel
system was used. For both tillage systems yield was not increased by the use of starter only. Rate had
o effect on yield and results from the low rate are shown in Table 11.

Teble 11. Effect of tillage system, P and K placement, and starter fertilizer use on soybean yield at the
low fertility site at Waseca.

Tillage System
Ridge till , Fall Chisel
No No
Placement Starter Starter Avg. Starter Starter Ave,
------------------------------- bu/acre --eceecccceciiiceni e
Broadcast 50.4 49.7 50.1 , 48.6 48.8 48.7
Surface Band 52.1 51.8 52.0 48.7 49.4 49.1
Subsurface Band 49.5 50.6 5.1 49.1 49.6 49.4
Avg, 50.7 50.7 ‘ 48.8 49.3

Nore of the variables used in the study had a significant effect on yield at the high fertility site
(Table 12), For this site, yleld from the control treatment was 54.9 bu. per acre for the ridge-till

system and 55.8 bu. per acre for the fall chisel system. Use of starter only at this site had no
significant effect on yield.
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Teble 12. Effect of tillage system, P and K placement and starter fertilizer use on soybean yield at the
high fertility site at Waseca.

Tillage System
Ridge till Fall Chisel
No No
Placement Startex Starter Avg, Starter Starter Avg,
--------------------------------- bu/acre ------eseeccmccccmcacomeciiiaiiaaen
Broadcast 55.5 57.0 56.3 56.6 55.5 56.1
Surface Band 55.7 57.1 56.4 57.8 56.6 57.2
Subsurface Band 57.3 36.7 57.0 58,5 58.3 58.4
Avg. 56.2 56.9 57.6 56.8

The P concentration in the soybean trifoliate tissue was significantly affected by the tillage system used
at the low fertility site (Table 13). Consistent with results from other locations, the P concentration
was higher for the ridge-till planting system. Starter use ard placement of P and K had no effect on this
percentage. There was a significant tillage x placement interaction, The P concentration in the tissue
from the control treatment was .367% for the ridge-till planting system and .350% for the fall chisel
management system.

Tsble 13. Effect of tillage system, P and K placement, and starter fertilizer use on the P concentration
of the most recently matured trifoliate at early to mid-bloom at the low fertility site at

Waseca.
Tillage System
Ridge till Fall Chisel
No No
Placement Starter Starter Avg, Starter Starter Avg,
................................... P cr-cccmcceccccnnscccscsnccmccavoccaccns
Broadcast .367 .387 377 .362 347 .355
Surface Band .382 3% .388 .376 .367 372
Subsurface Band 2370 L3365 .368 376 .37 377
Avg. .373 .382 : an .364

Except for the tillage system, none of the variables used had a significant effect on the P concentrations
in the trifoliate tissue at the high fertility site (Tsble 14). The P concentration was higher when
soybeans were grown in the ridge-till management system (PROF = .0934). For this site, the P
concentration in the tissue from the control treatment was .406% for the ridge-till planting system and
.406% for the fall chisel management system,
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Tsble 14. Effect of tillage system, P and K placement, and starter fertilizer use on the P concentration
of the most recently matured trifoliate at early to mid-bloom at the high fertility site at

Waseca.
Tillage System
Ridge till Fall Chisel
No No
Placement Starter Starter Avg _Starter Starter  Avp,
............................................. - -
Broadcast .398 414 406 403 389 .396
Surface Band 409 411 .410 399 401 .400
Subsurface Band 410 L4610 410 L400 394 .397
Avg 406 412 401 .395

Except for tillage system, none of the variables used in this study had a significant effect on the K
corcentration in the soybean trifoliate tissue at both fertility sites as Waseca (Tables 15 and 16).

Table 15. Effect of tillage system, P and K placement and starter fertilizer use on the K concentration
of the most recently matured trifoliate at early to mid-bloom at the low fertility site at

Waseca.
Tillage System
—Ridge till —Fall Ghisel
No No
Placement Starter Starter Avg, Starter Starter Avg.
................................... K ~omemcmccceaccccccccanecmenceenaan
Broadcast 1.93 1.95 1.9 1.90 1.83 1.87
Surface Band 1.96 2.00 1.98 1.92 1.88 1.90
Subsurface Band 1.85 1.88 1.87 1.89 1,93 1.91
Avg. 1.91 1.% 1.9 1.88

Tillage system had no effect on this percentage at the low fertility site but K concentration was higher

in the ridge-till system at the high fertility site. The data collected is not adequate to explain this

observation at this time. The K concentration in the tissue from the control treatment was 1.60% for the
ridge-till and 1.40% for the fall chisel system at the low fertility site. Corresponding values for the

high fertility site were 2.11% and 2.16%.
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Teble 16. Effect of tillage system, P and K placement, ard starter fertilizer use on the K concentration
of the most recently matured trifoliate at early to mid-bloom at the high fertility site at

Waseca.
Iillage System
__Ridge ti11 Fall Chisel
No No
Placement Starter Starter Avp, Starter. Starter Avg,
................................... K --eecccccccceccnccccaanacecanaaaee.
Broadcast 2.18 2.28 2.23 2.19 2.2 2.20
Surface Band 2.28 2.32 2.30 2.24 2.21 2.23
Subsurface Band 2.29 2.29 2.29 2.23 2.2 2.23
Avg. 2.25 2.30 2.22 2.21
Sumary

The results of the trials conducted in 1986 can be summarized as follows.

1. The effect of tillage system on soybean yield was inconsistent. Yields were higher when the ridge-
till system was used at the low fertility site at Waseca. Yield was not affected by tillage at all
other sites.

2. Concentration of P and K in the most recently matured trifoliate at early to mid-bloom was influenced

by the tillage system used. Concentrations were generally higher when soybeans were grown in the
ridge-till rather than the fall chisel management system.

3. In contrast to corn, use of starter fertilizer had no effect on soybean yield in both tillage systems.
4, Except for the low fertility site at Waseca, placement of P and K had no significant effect on soybean

yield. Soybeans responded to fertilization at the low fertility sites, but response was not affected
by placement.



191

EFFECT OF POTASSTIM PLACEMENT ON OORN PRODUCTION
IN A HIGH YIEID ENVIRONMENT IN SOUTHEAST MINNESOTA
G. Relm, B. Anderson, G. Cremers

Background and Justification:

The interest in the use of conservation tillage systems for corn production continues to increase in
southeastern Mirmesota. Soil test values for K are usually medium to low for the majority of soils in
this region. These low soil test values create several questions that relate to management of K
fertilizers. This study is designed to evaluate the effect of rate and placement of fertilizer K with and
without the use of K in a starter fertilizer on corn production with two tillage systems.

Experimental. Procedure:

This study was initiated in the spring of 1984 in a fammer’s field in Wabasha County. Treatments were
reapplied in the spring of 1985 and again in the spring of 1986. The soil is classified as a Fayette silt
loam and is characteristic of soils in the region. The initial pH was 6.5. The Bray and Kurtz #1 test
showed 72 1b. P per acre vwhile the 1 N NH,CoH30) extraction showed 219 1b. per acre.

Tillage system (ridge-till, chisel), rate of applied K (0, 40, 80, 120 1b. per acre), placement
(broadcast, subsurface band, and starter with and without K are the factors included in the study. A
randomized complete block design is used with 4 replications.

Treatments were applied in late April in 1986. The K for both subsurface band and broadcast application
was 0-0-60. A 7-21-7 fluid fertilizer at a rate of 14 gal. per acre was used to supply K in a starter
fertilizer. The fluid product, 10-34-0, at 10 gal. per acre was used as a starter for plots that did not
receive K in a starter. All starter fertilizer materials were placed approximately 2 inches to the side
of and 2 inches below the seed at planting.

Corn was planted on May 7, 1986 at a population of 29,000 plants per acre in 38 inch rows. The variety
was Pioneer 3737. Counter was used for com rootworm control arnd a Lasso (3 qt. per acre) and Bladex (2
gt. per acre) canbination was applied preemergence for weed contxrol. Com was cultivated 2 times. All
plots received 180 1b. N per acre as a sidedress treatment (supplied as 28-0-0) just prior to the last
cultivation.

Whole plant samples (4 plants per plot) were collected approximately 4 weeks after emergence. Ear leaf
samples were collected at silking. Total dry matter production was measured at physiological maturity and
sarples were collected for analysis at this time. All plant samples were dried, weighed vhen appropriate,
ground, ard analyzed for K. Grain yields were harvested in late October and corrected to 15.5% moisture.

Results and Discussion:

The 1986 growing season was well suited for cormn production and grain yields were well above average. A
camplete factorial design was used for analysis of all data collected in the study. Therefore, values for
the complete control ard starter only treatments were not included in the statistical analysis. The
standard "t" test was used to compare means for these two treatments to means of other selected treatments
in the study. The results of this statistical comparison will be presented whenever appropriate.

Grain yield was significantly affected by the tillage system used (Tsbles 1, 2). Placement of K, rate of
application and use of K in a starter had no effect on grain yield. When averaged over the other factors
studied, yleld was 197.8 bu. per acre in the chisel system and 188.8 bu. per acre in the ridge-till

management System.

Compared to the control treatment, use of K in a starter (8.6 1b. K/acre) without additional broadcast on
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banded K produced a significant increase in grain yield for both tillage systems. The yield resulting
from the broadcast application was significantly higher than the yield from the control treatment in the
fall chisel system. This was not true for the ridge-till system vhere broadcast K would Pprobably not
reach the root system until cultivation.

With the ridge-till system, higher yields resulted from the use of K in a starter when campared to 40 1b.
K per acre broadcast. Both treatments had an equal effect on yield in the £all chisel management system.

Tasble 1. Effect of K rate, placement of K, and use of K in a starter fertilizer on yield of corn grown in
the ridge-ti1l management system.

K Applied (Ib/acre)
K K in
Placement Starter 0 40 80 120
-------------------- bu/acre ------ccccmmcemeoonaea

- No 183.9 . - - -

- Yes 199.7 - - -
Broadcast No - 180.9 194.2 189.8
Broadcast Yes - 185.7 193.5 189.5
Subsurface Band No - 201.5 188.7 174.8
Subsurface Band Yes - 192.4 182.1 186.2

Teble 2. Effect of K rate, placement of K, and use of K in a starter fertilizer on yield of corn grown in
the fall chisel management system.

K Applied (Ib/acre)
K K in
Placement Starter 0 40 80 120
-------------------- bu/acre ---=-eccecmmemnnccacn-

- No 187.0 - - -

- Yes 197.6 - - -
Broadcast No - 201.9 192.2 202.8
Broadcast Yes - 196.2 199.4 198.2
Subsurface Band No - 202.2 209.3 206.1
Subsurface Band Yes - 183.9 196.8 196.2

The effects of varisbles used in this study on total dry matter yield measured at physiological maturity
were similar to the effects of these variables on grain yield (Table 3, 4). Tillage system was the only
varigble that had a significant effect on dry matter production. Dry matter yield was 7.2 tons per acre
in the ridge-till system and 7.6 tons per acre in the fall chisel management system.

Use of K in a starter without additional broadcast on banded K increased dry matter yield in the fall
chisel system but not in the ridge-till management system. Dry matter yield from the broadcast
application of 40 1b. K per acre was also significantly higher than the yield from the control treatment
in the fall chisel system. This increase was not measured in the ridge-till management system. Dry
mtteryieldswereeqmlwtmdrestart:eronlyarﬂ@]b.erracrebroadcasttreabnem'swerecmparedin
both tillage systems.
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Table 3. Effect of K rate, placement of K, and use of K in a starter fertilizer on dry matter yield of
corn grown in the ridge-till management system.

K K in
Placement _Starter 0 40 80 120
------------------- ton/acre -----e==cessscccccean.

- No 7.1 - - -

- Yes 7.1 - - -
Broadcast No - 7.0 7.5 7.1
Broadcast Yes - 7.3 6.8 7.3
Subsurface Bard No .- 7.8 7.1 7.4
Subsurface Band Yes - 6.8 7.4 6.9

Table 4., Effect of K rate, placement of K, and use of K in a starter fertilizer on dry matter yield of
corn grown in the fall chisel management system.

K Applied (Th/acre)

K K in

Placement Starter 0 40 80 120
------------------- ton/acre ---===sec-ccececccaan.

- No 7.2 - - -

- Yes 7.6 - - -
Broadcast No - 7.7 7.8 7.4
Broadcast Yes - 7.5 7.4 7.0
Subsurface Band No - 7.4 7.5 7.1
Subsurface Band Yes - 8.3 7.6 8.4

The main effects of the varisbles included in this study had no significant effect on early plant growth
measured at approximately 4 weeks after emergence (Tables 5, 6). The tillage x starter interaction,
however, wag highly significant, Early growth was increased when K was added to the starter in the ridge-
till system, Early growth was reduced when K was added to the starter in the fall chisel system. There
is no apparent explanation for this interaction.

The placement x starter interaction was also highly significant. Earlygrwﬂ-nwas increased when K in a
starter was combined with K in a subsurface band indicating that roots of the young plants had not reached
the band applied at a depth of 6-8 inches in the middle of 38 inch rows.
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Table 5. Effect of K rate, placement of K, muuseofxmasmferdnmmearlywm&cor?-\
in the ridge-till mamagement system.

K Applied (Ib/acve)
K K in
Elacement: Staxter 0 40
------------ weight of 4 plants (gm) «--co-eveecen--

- No 22.8 - - -

. Yes 19.8 . - -
Broadcast . No - 2.0 21.0 20.5
Broadcast Yes - 21.0 21.0 20.8
Subsurface Band No - 20.5 17.5 20.0
Subsurface Band Yes - 21.3 20.8 21.0

Table 6. Effect of K rate, placement of K, and use of K in a starter fertilizer on early growth of com
in the fall chisel management system.

Képolied (Ib/acye)
K Kin
Flacement Starter 0 40 80 120
----------- weight of 4 plants (gm) --ececcccccccan

- No 21.8 - - -

- Yes 18.8 . - -
Broadcast No - 4.0 21.3 22.0
Broadcast Yes - - 17.8 18.8 16.5
Subsurface Band No . 2.5 25.3 205 7
Subsurface Band Yes - 22,5 19.0 22.5

The K concentration in the young corn plants was significantly influenced by tillags system, rate of
applied K, placement of K and use of K in a starter fertilizer (Tables 7, 8). There were, however, no
interactions among the varisbles included in the study.

Considering tillage system, the highest K concentration was produced in the fall chisel management system.
As would be expected, K concentration in the corm tissue increased with rate of K application.

mmmqofkmhammfmmmmmw&nmkmmﬁmﬁmkm
applied in a starter, This was true for both tillage systems.

When averaged over all other varisbles, the percentage of K in the young plants was higher where
fertilizer K was broadcast rather than aspplied in a subsurface band. These data provide fixrther evidence
that roots of the young plants had not reached the subsurface band applied in the center of the 38 inch
rows. This observation could be more meaningful for soils with lower soil test values for K. In this
study, the K content of the soil was such that only a small amount of K in a starter fertilizer was

necessary for the highest yleld.

As would be expected, use of K in a starter fertilizer without additional broadcast or banded K increased
the concentration of K in the tissue of young corn plants in both tillage systems, In the fall chisel
management system, use of 40 1b, K per acre broadcast increased the K concentration when campared to the
control treatment; but there was no difference in K concentration if the starter only treatment is
compared to the 40 1b. K per acre broadcast treatment.

~
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In the ridge-till management system, the broadcast application of 40 1b. K per acre did not increase the K
concentration in young plants. Since broadcast K was not incorporated in this system, it is rot
surprising that K concentration was not increased.

Table 7. Effect of K rate, placement of K, and use of K in a starter fertilizer on the K concentration in
young corn plants in the ridge-till management system.

K Applied (1b/acre)

K K in :

Placement Starter 0 40 80 120
....................... % K ecamccacecnocnocrecncnaa

- No 2.1 - - -

- Yes 2.97 - - -
Broadcast No - 2.80 3.46 3.60
Broadcast Yes - 3.19 3.66 3.74
Subsurface Band No - 2.93 2.81 3.38
Subsurface Band Yes - 3.29 3.33 3.83

Table 8. Effect of K rate, placement of K, and use of K in a starter fertilizer on the K concentration on
young corn plants grown in the fall chisel management system.

K Applied (1b/ecre)
K K in
Placement Starter 0 40 80 120
....................... K ccommcccccccncnccaaaa.

- No 2.80 - - -

- Yes 3.3 - - -
Broadcast No - 3.59 3.70 4.11
Broadcast Yes - 3.80 4,09 4.20
Subsurface Band No - 3.48 3.64 3.9
Subsurface Band Yes - 3.76 3.1 3.80

The significant influence of tillage system and rate of applied K on the K concentxation in corn tissue
persisted at the time of silking (Tables 9, 10). At this growth stage, the effect of K applied in a
starter fertilizer was no longer evident. Placmtofl(fertﬂizgrhadmeffectmd\el(emneutradon
in the ear leaf tissue at silking indicating that roots were absorbing K applied in the subsurface bands.
These roots had apparently reached the bands sometime between 4 weeks after emergence and silking. It's
inportant to point out that the percentage of K in ear leaf tissue was greater than 2.0% for all
treatments used. Considering the K concentrations in this ear leaf tissue, a large yield increase from
applied K fertilizer would not be expected.
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Table 9. Effect of K rate, placement of K, and use of K in a starter fertilizer on the K concentration of
the ear leaf at silking for corn grown in the ridge-till management system.

K Applied (Ib/acre)
K K in
Placement Starter 0 40 80 120
....................... S K ccmcomccmmcmarmcamana.

- No 2.32 - - -

- Yes 2.29 - - -
Broadcast No - 2.45 2.50 2.64
Broadcast Yes - 2.49 2.61 2.60
Subsurface Band No - 2.38 2.38 2.57
Subsurface Band Yes - 2.53 2.46 2.67

Teble 10. Effect of K rate, placement of K, and use of K in a starter fertilizer on the K concentration
of the ear leaf at silking for corn grown in the fall chisel management system.

K Applied (Ib/acre)
K K in
Placement: Starter. 0 40 80 120
....................... $ K ccccmcrommccacanccecaan

- No 2.42 - - -

- Yes 2.60 - - -
Broadcast No - 2.62 2.61 2.87
Broadcast Yes - 2.67 2.66 2.68
Subsurface Band No - 2.68 2.75 2.76
Subsurface Band Yes - 2.69 2.77 2.76

For the fall chisel management system, use of K in the starter without additional broadcast or banded K
increased the K concentration in the ear leaf tissue when campared to the control treatment. This effect
was not measured in the ridge-till management system. Compared to the control in the fall chisel system,
K concentration in the ear leaf tissue was higher when a rate of 40 1b. K per acre was broadcast and
incorporated before planting., Broadcast application of K had no effect on the K concentration of the ear
leaf tissue in the ridge-till management system,

Of the varisbles used in the study, only K placement had a significant effect on the K concentration in
whole plant tissue at physiological maturity (Tables 11, 12). When averaged over tillage system, K rate,
and use of K in a starter, the K percentage in the mature tissue was slightly higher when broadcast rather
than applied in a band. This difference, however, was very small.

There was also a highly significant placement x rate interaction. The K percentage was higher when 40
and 120 1b. K per acre were broadcast. Application of 80 1b. K per acre produced a higher percentage when
applied in a subsuwrface band. There is no apparent explanation for this observation.
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Table 11. Effect of K rate, placement of K, and use of K in a starter fertilizer on the K concentration
of corn tissue at physiological maturity for com grown in the ridge-till management system.

K Applied (Jb/acre)

K K in

Placement Starter 0 40 80 120
....................... YK ———necmmcecacicmmnceaan

- No .99 - - -

- Yes 1.03 - - -
Broadcast No - 1.03 .95 1.16
Broadcast Yes - 1.02 .97 1.22
Subsurface Band No - .9 1.07 .98
Subsurface Band Yes - - 1,04 .93 .99

Table 12. Effect of K rate, placement of K, and use of K in a starter fertilizer on the K concentration
of corn tissue at physiological maturity for com grown in a fall chisel management system.

K Applied (Jh/acre)

K K in
Placement Starter Q 40 80 120
...................... YK cmcemmmmsomcccmcecsacan-

- No 1.01 - - -

- Yes .98 - - -
Broadcast No - 1.06 1.00 1.18
Broadcast Yes - 1.09 1.08 1.17
Subsurface Band No - 1.02 1.09 .96
Subsurface Band Yes - 1.01 1.11 .93

The amount of K applied in a starter only did not have any significant effect on the concentration of K in
mature corn tissue in both tillage systems. The K percentage was relatively low at this stage of growth
ard relatively high application rates would be needed to bring shout significant changes in this
pexcentage.

Summary

This study was conducted to measure the effect of tillage system, placement of K fertilizer, rate of K
applied and use of K in a starter fertilizer on com growth and yield on an eroded silt loam with a medium
level of soil test K. The conclusions from the data collected in 1986 can be summarized as follows.

- Grain and dry matter yields were higher when com was planted in the fall chisel rather than the ridge-
till system.

- Neither rate of K applied nor placement of the K fertilizer had a significant effect on both grain and
stover yleld.

- Use of K in a starter fertilizer added in conbination with either broadcast or band applied K had no
significant effect on grain and dry matter production.

- The addition of K (8.6 1b. per acre) in a starter fertilizer only increased both grain and stover yield
when compared with the control. These data indicate that a relatively small amxmt of K when applied in

a concentrated band near the seed will supply the necessary K for optimm cormn production on a soil with
a medium K test.
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- Concentration of K in young plants approximately 4 weeks after emergence was significantly affected by
tillage system placement of K, rate of applied K, and use of K in a starter fertilizer.

- Tillage system and rate of applied K had a significant effect on the K concentration in the ear leaf
tissue.

- Placement of K had a significant effect on the K concentration in the tissue at physiological maturity,
but differences were small,
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INFIUENCE OF SEED INOCULATION, NITROGEN SOURCE, AND NTTROGEN
RATE (N PRODUCTIVITY OF PROCESSING PEAS
C. J. Rosen, H. J. Buchite and C. Kalnrmarm

Over the past 10 years, Mimmesota has consistently rarked second or third nationally in the production of
processing peas. Despite the relatively large ecreage and econamic importance of this crop, little
attention has been given to the response of processing peas to N. Increases in pea yields have been
reported with N fertilizer applications at low rates as well as with inoculation of pea seed with
Rhizobium, However, the conditions under vhich seed inoculation and N fertilizer may be beneficial for
pea production have not been adequately defined. The objective of the present study was to detenmine the
effect of seed inoculation, N rate, and N source on nodulation, mutrition, and yield of processmg peas
grown on an irrigated sand inherently low in N.

Materials and Methods:

The experiment was conducted at the Sand Plains Research Farmm in Becker, MN. There was no record of peas
being grown on this site in the history of the Research Farm. The soil, a Hubbard loamy sand, had the
following soil test values (0-6"): pH, 6.4; (Ib/A): P, 98; K, 198; Mg, 375; Ca, 1425. Treatments included
three N rates, (0, 40, 80 1b N/A), two N sources (urea or ammordum nitrate), inoculation (inoculated or
noninoculated) and two varieties (Verus or Target). A factorial 3 X 2 X 2 X 2 split-split plot treatment
arrangement was used with 4 replications. Inoculation and variety were main plots with N source and rate
as subplots. Nitrogen was applied and incorporated 2 days before planting. Half the seeds were
inoculated with "C" pea inoculum (mixed strains of R. leguminosanm) supplied by Nitragin Co. prior to
planting. Following a previous crop of rye, both varieties were planted on 17 April with a Van Brurdt
grain drill (6" between rows) at a population of 500,000 plants/A. When necessary, irrigation
supplemented rainfall to supply approximately 1" of water per week. Soil samples were collected 4 weeks
after planting and stored moist at 4 C until extracted with 2N KCl1 for nitrate and ammonium determination.
Whole plant shoot samples for Kjeldahl N determination were collected 7 weeks after planting. In
addition, root samples were collected with a golf course cup cutter (4" diameter x 6" depth) to detenmine
extent of nodulation 7 weeks after planting. Both varleties were harvested 23 June. Harvested vines were
placed in a viner to separate peas from the shells and vine plant material. Subsamples of peas and vines
were taken for N determination and % moisture. Subsamples of peas wexe also obtained for tendercmeter
readings.

Results Discuss

Averaged over all factors, pea yields increased quadratically with N application (Tsble 1). For both
varieties, maximm yields were obtained with 40 1lbs N/A although Target yields decreased to a greater
extent at 80 lbs N/A than did Venus yields. Overall, N source had little effect on pea ylelds except that
urea tended to decrease yields when seeds were inoculated. Tenderometer (ID) readings tended to decrease
with N rate (Table 2). This effect was more prominent with Target than for Verus. In gereral, TD
readings were 10 - 20 points higher than desired for processing. This indicates that peas were one to two
days over mature when harvested. Vine yleld was similar to the trend for pea yleld with a maximm
response at 40 1b N/A (Table 3). Inoculation and N source did rnot significantly affect vine yield. Vine
production was greater with Vemus than with Target.

Inoculation of seed with commercial inoculum significantly increased nodule production on pea roots (Table
4). Increasing N rate significantly decreased nodule production with the greatest decrease occurring in
inoculated plants. With noninoculated plants, an increase in nodulation was occasionally apparent with 40
1b N/A, Nitrogen source did mot significantly affect modulation. Increasing N rate increased soil
nitrate-N levels (Tsble 5). At the time of sampling, nitrate-N was higher with urea than ammonium



