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ABSTRACT

Research on corn-soybean strip-cropping has demonstrated higher yields on the edge rows of
corn and reduced yield on the edge rows of soybeans. Nitrogen application to the strip-cropped
corn is often applied uniformly on each row of corn. The objective of this study was to evaluate
if Environmentally Smart Nitrogen (ESN), a 44 percent polymer coated controlled release
nitrogen, would improve corn yield in a narrow (6-row) stripcropping system.

ESN was applied with a centrifugal spreader in a double pass procedure. Excessive June and
July rainfall in 2004 resulted in denitrification or leaching losses of the 28% Urea Ammonium
Nitrate (UAN) and urea starter treatment and the controlled release nitrogen ESN starter
treatment improved efficiency with a nearly 20 percent increase in yield. Corn edge rows
yielded 10 percent higher than the 4 middle rows for ESN and 11 percent higher for the UAN &
urea treatment.

GENERAL INFORMATION

In 2004, we started a two year agronomy field trial to evaluate Agrium ESN, a controlled release
nitrogen fertilizer, on zone till corn verses urea with the starter fertilizer. Six rows of corn in 30
inch spacing were alternated with 6 rows of soybeans in 30 inch spacing; a narrow stripcropping
corn/soybean rotation. Four or more side by side replications in field length plots were
compared using urea fertilizer for corn verses ESN as a substitute for urea in the starter fertilizer.

ESN is polymer coated urea that is time released into the soil based on soil temperature and
moisture conditions. It has a guaranteed analysis of 44 percent nitrogen. It is sized similar to
other blend fertilizer sources and has a unique light green color. Water moves through the
polymer coating until the urea inside is dissolved into solution inside the polymer coated granule.
N moves out by diffusion through the granule via soil temperature controlled diffusion into the
soil solution where the biological transformation of urea occurs to make it available for plant
uptake. Below is a summary of our observations and results of the 2004 and 2005 field trials.

The objective of this study was to determine if corn yield in stripcropping is improved by using
ESN polymer coated urea compared to urea as the nitrogen source in surface banded starter
fertilizer in zone tilled corn. Narrow stripcropping research in Minnesota, using a corn soybean
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rotation with 6 rows by 30 inch corn next to a 6 rows by 30 inch soybeans, has demonstrated an
11 percent higher corn yield on the edge rows of corn but a reduced yield on the edge row of
soybeans (Iragavarapu and Randall, 1996).

Methods in the Field

In 2004, corn and soybeans were planted in N-S oriented strips in a two crop rotation. The field
trial was strip tilled with 3 coulters on April 10, 2004 to layout 6 row strips. Roundup Ready
Pioneer 38A81 corn was planted at 30,000 seeds per acre on April 23, 2004. Pioneer 92M91
Roundup Ready soybeans were planted between the corn strips on April 29, 2004. Nitrogen
starter was applied as dry commercial fertilizer surface banded (placed 1-4 inches beside the row
and 0-4 inches deep) in a zone beside the seed. An equal blend starter fertilizer of urea (46-0-0),
Di-ammonium Phosphate (DAP) (18-46-0) and Ammonium Sulfate (AMS) (21-0-0) verses ESN
urea DAP and AMS each at 237 Ibs/ac at planting was compared. UAN or 28% nitrogen
solution was broadcast with a double application at 20 gals/ac or 120 Ibs/ac of nitrogen after
planting on the urea starter. UAN 28% liquid fertilizer was broadcast applied before the crop
emerged to prevent leaf burn on the corn. ESN was broadcast over 6 rows of corn after corn
emergence (2 leaf stage) with a double application using a centrifugal spreader at 150 Ibs/ac
orl32 Ibs N/ac. Excessive June and July rainfall in 2004 (total of 17 inches verses the normal
historical rainfall average of 7 inches for that time period) resulted in de-nitrification and
leaching losses of the traditional UAN and urea starter treatment.

In 2005, the same planting and fertilization procedure was followed as in 2004. Six by 30-inch
row Roundup Ready Pioneer 38H86 corn was planted at 32,000 on April 14, 2005 in soybean
residue. Six by 30-ich rows of Pioneer 92M91 Roundup Ready soybeans were strip till planted
between the corn strips on corn residue. Timely rains in April of %2 inch or more after planting
incorporated the fertilizer in both treatments. Below normal rainfall in May and June followed
by normal rainfall in July and August was ideal for retaining Nitrogen from all sources.

A dry blend starter fertilizer with equal urea, DAP and AMS verses ESN, DAP and AMS at a
rate of 237 Ibs/ac at planting was compared to the broadcast placement of 28% or ESN broadcast
after planting plus the starter fertilizer. The goal was to get as close to 200 Ibs/ac N with the
equipment we were using. (See table 2). The 2004 and 2005 fertilizer treatments and
comparisons were the same. In 2005, the only management variables were corn hybrid, earlier
planting date and higher planting rate compared to 2004. In 2005, spring rainfall total for May
and June was much less than 2004 and the timing was different.

Four control plots were added to the trial in 2005 to compare the use of starter nitrogen zone
banded at planting or one half of the recommended N rate to achieve a 200 bushel per acre yield
goal. The control plots with (84 Ibs N total) 66 Ibs of starter N from ESN or urea plus 18 Ibs of
nitrogen from DAP broadcast in April before planting. There were 2 replications of each control
comparison.

Results

Corn grain was hand harvested and shelled by NRCS Crops 101 students using 1/1000 acre point
samples opposite each other at 200 foot intervals across the field. Four replications of each
treatment and four point samples each 1/1000 acre in length (17.5 feet in 30 inch rows) directly
E-W of each other were hand harvested and the corn yield was estimated for each row. The
outside corn edge rows yielded 10 percent higher than the 4 middle rows in this 6 row x 30 inch
stripcropping system with ESN and 11 percent higher with 28% UAN. This is comparable to
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similar finding by (Iragavarapu and Randall, 1996) that reported corn yields in the outside two
rows 25 percent greater in north south rows compared to nonborder rows in a 2 crop system. In
the 2004 field trial randomly selected, hand harvested sections of all rows estimated yield an
average of 30 percent higher than machine harvest yield (Kaufman, 2007).

In 2004, the ESN controlled released starter and broadcast ESN treatment proved superior over
the urea starter and UAN treatment in efficiency that resulted in a 20 percent increase in corn
yield. However, in 2005, a dry spring, there was similar edge effect of higher yield on the edge
rows with both treatments, but no additional yield increase was attributed to ESN as the N
source. In 2005, we evaluated corn yield using starter N zone banded at half the land grant
university recommended N rate for a 200 bu/ac yield goal in the control plots. Unlike 2004 we
observed less N loss via denitrification or leaching in 2005. However, in 2005, the results were
similar with ESN or urea zone banded at planting with the starter fertilizer. There was no
advantage to using ESN in a dry spring.

2005 Stalk Nitrate Tests and Pre Sidedress Nitrate Test (PSNT) results were used to evaluate the
efficiency of N in the 200 Ib/ac N fertilized ESN and urea plots. Soil nitrogen available was
evaluated with PSNT in the starter only control plots. PSNT results of starter N only (84 Ibs/ac)
plots suggest we could apply less N to a long term (20 + years) no-till corn field and still achieve
the desired 200 bu/ac yield goal. (See table 3) In our control plots, Nitrogen starter at 84 Ibs/ac
had a 197 bu/ac average yield. The ESN starter and ESN broadcast plot at 216 Ibs/ac total
nitrogen rate had a yield averaging 209 bu/ac. The urea starter and UAN broadcast plot at 205
Ibs/ac total nitrogen rate had a yield averaging 214 bu/ac.

A crop budget analysis of the 200 Ib/ac N rate for the 209 bu/ac from ESN and 215 bu/ac from
urea/28% indicates we lost money compared to the control N rate of 84 Ibs/ac. corn at $2.20 per
bushel and nitrogen at 35 cents per pound. Here is breakeven analysis: to yield 215 bu/ac
required adding115 Ibs/ac nitrogen at 0.35 cents per pound or $40.25 per acre. Therefore,
adding115 Ibs/ac additional nitrogen increased the corn yield 18 bu/ac above the 197 bu/ac
control yield. At 18 bu/ac and $2.20 /bu the additional profit was $39.60/ac. At these prices
there was more corn to sell but no additional profit from using additional Nitrogen to achieve the
higher yield. Economists would say the maximum economic yield was at 197 bu/ac and 85 Ibs
N/ac to break even at 2.20/bu of corn in 2005.

However, ESN appeared to provide insurance against N loss by de-nitrification in a wet year.
Using a reduced N rate with urea or 28% UAN without ESN at planting may cause significant
yield loss after the fertilizer is applied. 2004 was a very wet spring with 10 inches of rain above
normal in May and June. ESN appears to provide insurance against de-nitrification losses in a
wet year and thus is good insurance for maintaining yield in a wet year.

Tissue tests, stalk nitrate tests, and PSNT analysis are recommended when growers try to fine
tune their N needs to achieve the desired corn yield goal especially in above normal rainfall
growing seasons. The results of these tests for 2004 and 2005 are presented in tables 1-4.

Field Trial Summary
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Item 2004 2005
Previous crop Soys Soys

Corn Hybrid RR 97-day | Pioneer 38A81 Pioneer 38H66
Planting Rate 30,300 32,316

Seed treatment Poncho 1250 Poncho 1250
Planting date April 23, 2004 April 15, 2005

Starter blend 237 Ibs/ac | Urea 79 Ibs/ac

ESN 79 Ibs/ac

Urea 79 Ibs/ac

ESN 79 Ibs/ac

Banded 2-4 inches DAP 79 Ibs/ac

DAP 79 Ibs/ac

DAP 79 Ibs/ac

DAP 79 Ibs/ac

AMS 79 Ibs/ac

AMS 79 Ibs/ac

AMS 79 Ibs

AMS 79 lbs/ac

Broadcast rate post-
emerge Corn @ V2

28%- 40 gal/ac

ESN 300 Ib/ac

28%- 40 gal/ac

ESN 300 Ib/ac

Total N 187 Ib/ac 197 Ib/ac 187 Ib/ac 197 Ib/ac
Harvest Date Nov. 1, 2004 Nov 3, 2005
Average yield bu/ac 169 199 214 209

Fertilizer Sources-analysis: AMS- Ammonia Sulfate 21-0-0; DAP-Diammonia Phosphate 18-46-0; Urea - 46-0-0:

ESN- 44-0-0 Starter

Table 1 - 2004 Corn Data & Yield Results

Fertilizer Form, Rate, Placement, Timing

ESN treatment

Urea & 28% treatment

Fertilizer starter nitrogen (27-16-0) 237 Ib/ac | 65 Ibs/ac 67 Ibs/ac
Broadcast N form and rate after planting 132* Ibs/ac 120**1bs/ac
(Ibs/ac) split application 50-50) (300 Ibs/ac ESN) (40 gal/ac 28%)
Total N (lbs /ac) all sources 197 Ib/ac 187 Ib/ac
Replications field length machine harvest Yield (bu/ac) Yield (bu/ac)

1 200 169

2 206 170

3 207 167

4 186 171

Average Yield 2004 bu./ac of 4 reps 199 169

* 300 Ibs/ac ESN **40 gals of UAN

Table 2 - 2005 Corn Yield Results

Fertilizer Form, Rate, Placement, Timing ESN treatment UREA & 28% treatment
Fertilizer starter nitrogen (27-16-0) 237 Ib/ac | 65 Ibs/ac 67 Ibs/ac
Broadcast N form and rate after planting 132* Ibs/ac 120**1bs/ac
(Ibs/ac) split application 50-50) (300 Ibs/ac ESN) (40 gal/ac 28%)
Top dress N broadcast DAP 100 Ibs/ac before | 18 Ib/ac 18 llb/ac
planting

Total N Ibs /ac 216 Ibs/ac 205 Ibs/a’

Corn Average Yield 2005 over 4 replications | 209 bu/ac 214 bu/ac
Control yield : Urea starter + DAP Total N Control-yield 204 bu/ac

84 Ibs/ac Average of 3 reps

* 300 Ibs/ac ESN **40 gals of UAN

Table 3 - 2005 Pre-side dress Soil Nitrate Test (PSNT) Results:
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Fertilizer Treatment PSNT PSNT PSNT Control
Urea starter + DAP 84 |Ib N/ac Results | Nitrogen * Nitrogen Yield
Corn Yield Goal 200 bu/ac PPM Recommended | Credit

Ibs/ac Ibs/ac bu/ac
N1 Urea treatment 20 125 120 weedy
N2 Urea treatment 31 60 185 202
N3 Urea treatment 21 115 130 192
N4 Urea treatment 16 150 95 218
Average 3 reps N2 N3 N4 197

*Additional N recommended for 200 bu/ac MSUE Recommendation E-2904

Table 4 — 2005 Corn Stalk Nitrate-Nitrogen Results:*

Nitrate-N Interpretation
Fertilizer Treatment PPM
216 Ibs N with ESN starter and ESN broadcast 1286 Optimal
205 Ibs N With Urea starter and 28% broadcast 442 Low

*Blackmer End-of-Season Corn Stalk Nitrate Test (IA State Ext. Bull. PM 1584 (1996)

At 1286 ppm, the End-of-Season Corn Stalk Nitrate Test from the 2005 field trial indicates that
the ESN treatment provided sufficient Nitrogen throughout the growing season. However, the
446 ppm results of the End-of -Season Corn Stalk Nitrate Test indicated that the urea fertilizer
treatment resulted in minimal amount of nitrogen needed for adequate nitrogen to the corn crop.
However, with the urea starter the final corn grain yield 214 bu/ac was five bushel per acre more
than the 209 bu/ac with the ESN. (See table 2).

“The End of the Season Cornstalk Test, developed at lowa State University (Blackmer &
Mallarino, 1996) allows growers to conduct a “post-morten” evaluation of the adequacy
of their nitrogen fertilizer program for the current growing season. The test is described
as “post-morten” because stalk samples are taken after the grain is physiologically
mature. Given that this is a very late season test, the interpretation of the results offers no
assistance in the fine-tuning nitrogen (N) management for the current production year,
but rather provides insight into N management options for coming years.”

Four Control plots were added with urea starter and DAP broadcast for a total of 84 Ibs of
nitrogen. Our PSNT results of the four plots recommended additional nitrogen was needed
to achieve our 200 bu/ac yield goal. However, in 2005 our control treatment average yield
was 3 bu/ac less than the 200 bu per acre yield goal without the additional nitrogen
recommended by MSU.

A 200 bu/ac corn crop removes about 0.9 Ib Nitrogen per bushel of grain or 180 Ibs/ac N for 200
bushel/ac corn. (E2904) The 2005 corn crop was able to obtain about 120 Ibs of Nitrogen from
other sources (air and soil) to produce the 197 bushel per acre yield. This field was no-tilled or
zone tilled for 20 years prior to this field trial. Long term no till farmers claim they can achieve
their corn grain yield goal with 0.5 Ib of nitrogen for every bushel of corn. In 2005, our control
(Total N applied 84 Ibs/ac) nitrogen efficiency was 0.42 Ibs of N for every bushel of corn. This
supports the observations of veteran no till farmers that belong to the Great Lakes No Till
Discussion Group. In Table 5 and 6 is a summary of our hand harvested data by row and
machine harvest data for 2004 and 2005.
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Table 5: 2004 Harvest Results N-S Row Orientation

ESN Starter and ESN Broadcast bu/ac Hand Harvest Yield

Row 1 Row 2 Row 3 Row 4 Row 5 Row 6 Harvest

west east Yield*
Range** | 236-294** | 159-270 | 225-287 133-262 | 175-286 | 225-285 | 193-209
Average | 261 231 261 224 226 257 208

*Machine harvest yield using Pioneer Weigh Wagon. Harvest length of plot based on harvested & measured length
**Hand harvest yield 1/1000 acre shelled corn

Urea Starter and 28% UAN bu/ac Hand Harvest Yield

Row 1 Row 2 Row 3 Row 4 Row 5 Row 6 Machine
west east Harvest
Yield*
Range** | 167-244 145-222 | 155-239 | 168-229 | 160-225 | 166-270 | 168-215
Average | 217 198 196 200 189 217 176

Machine harvest yield using Pioneer Weigh Wagon. Harvest length of plot based on harvested & measured length
range and average of all plots. **Hand harvest yield 1/1000 acre shelled corn

Table 6: 2005 Harvest Results N-S Row Orientation

ESN Starter and ESN Broadcast bu/ac Hand Harvest Yield

Row 1 Row 2 Row 3 Row 4 Row 5 Row 6 Machine
west east Harvest
Yield*
Range** | 212-283 215-283 | 182-283 | 187-280 | 210-283 | 229-280 | 199-214
Average | 263 240 227 225 240 255 209

*Machine harvest yield using Pioneer Weigh Wagon. Harvest length of plot based on harvested & measured length
range and average of all plots. **Hand harvest yield 1/1000 acre shelled corn

Urea Starter and 28% UAN bu/ac Hand Harvest Yield

Row 1 Row 2 Row 3 Row 4 Row 5 Row 6 Machine
west east Harvest
Yield*
Range** | 209-289 168-247 | 156-216 | 171-211 |179-245 | 213-265 | 201-220
Average | 245 198 191 182 204 229 214

Machine harvest yield using Pioneer Weigh Wagon. Harvest length of plot based on harvested & measured range
and average of all plots. **Hand harvest yield 1/1000 acre shelled corn

Control: Starter Only: 84 Ibs N/ac Average Yield Three replications 197 bu/ac
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