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1) GOALS AND OBJECTIVES OBTAINED

a)

b)

2

Establish treatments and manage plots. Plots were established. Weeds were controlled using
pre- and post-emergence herbicides. Plots were end-trimmed and staked, and corn stand counts
were taken. In-season nitrogen (N) fertilizer and foliar fungicide applications were made at the
appropriate times for the respective treatments.

Collect and analyze in-season plant samples. Corn plant samples were collected at the V10
stage, processed, and analyzed for nutrients.

Harvest plots for grain, cob, and stover, and analyze plant samples collected at harvest. Plots
were harvested in early October. Corn grain, cob, and stover samples were processed and
analyzed for nutrients.

Collect soil samples after harvest and analyze. Plots were soil sampled after harvest in mid-
October to a depth of 40 inches and samples were analyzed for bulk density and nutrients.

Manage plots in the fall. Following soil sampling, corn stalks were chopped, partial stover
removal was conducted in the appropriate plots, phosphorus and potassium fertilizers were
applied as appropriate, and the trial area was disk-ripped.

Present oral update to AFREC Council. An oral update was presented to the AFREC council on
December 11, 2018 at Minneapolis, MN.

Present research results to farmers and agricultural professionals and Extension meetings.
Results from this research were presented to farmers and agricultural professionals at Extension
meetings across Minnesota.



2) ACTIVITIES PERFORMED

a) The goal/objective “establish treatments and manage plots” was accomplished through the
activities described in this section.

This project compares two levels of agronomic management: 1) farmer-practice agronomics and
2) a high-yield system that is also environmentally responsible, referred to as sustainable
intensification. For both of these, standard fertilizer management in line with university
guidelines is compared with advanced fertilizer management. Within these four main-plot
treatments, split plots are with and without N fertilizer for evaluation of N use efficiency
parameters.

Treatment details are in Table 1. Compared to farmer-practice agronomics, sustainable
intensification includes partial removal of corn stover after harvest, a longer-season corn hybrid, a
greater planting rate, and foliar-applied fungicide at the VT corn stage. Compared to standard
fertilization, the advanced fertilization treatment includes phosphorus and potassium application
based on grain removal, surface-banded starter fertilizers, and in-season N applications that more
closely align with corn N uptake.

Following discussions with crop advisors and farmers, and based on recommendations from
AFREC, treatment upgrades were made to this experiment at Waseca, MN for the 2018 growing
season. These included different hybrids, foliar fungicide applied at the VT corn stage with a
high-clearance applicator in the sustainable intensification treatment, increasing the rate of sulfur
application in all plots, and increasing the total rate of N application to 180 Ib N/ac in the
standard fertilizer management treatment and 220 1b N/ac in the advanced fertilizer management
treatment.

In addition, the advanced fertilizer management treatment had an additional in-season N
application added at the V14 corn stage for a total of two in-season N applications (V6 and V14).
The N application at V14 is 40 1b N/ac as 28-0-0 that is surface-banded near corn rows using the
‘360 Y-DROP’ system. Based on observed changes in soil-test values and an economic analysis,
the basis for P fertilization in the advanced fertilizer management treatment was changed from
100% of grain removal to 50% of grain removal.

Sulfur and urea were broadcast according to Table 1 prior to pre-plant tillage. Corn was planted
in 30-inch rows on May 8, 2018 using a custom built 4-row John Deere 7300 MaxEmerge 11
planter. Pioneer PO157AMXT [101 comparative relative maturity (CRM)] was planted in the
farmer-practice agronomics treatments and Pioneer POS§9AMXT (105 CRM) was planted in the
sustainable intensification treatments. Planting rates for target corn populations and starter
fertilizers were applied according to Table 1.

Weeds were controlled using pre- and post-emergence herbicides. Corn stand counts were taken
at the V3 corn stage. Final corn populations were 34,000 plants/acre for the farmer-practice
agronomics treatments and 39,000 plants/acre for the sustainable intensification treatments. In-
season N fertilizer and foliar fungicide applications were made at the appropriate times for the
respective treatments.



Table 1. Agronomic and fertilizer management components of the treatments at Waseca, MN in 2018.

Treatment
1 2 3 4 5 6 7 8
Agronomic Farmer Farmer Farmer Farmer Sustainable Sustainable Sustainable Sustainable
management practice practice practice practice intensification | intensification | intensification | intensification
Fertilizer
Standard Standard Advanced Advanced Standard Standard Advanced Advanced
management
AAEHIZL T No Yes No Yes No Yes No Yes
Lz 1Lk =) (control) (control) (control) (control)
and 12-0-0-26
Corn stover Shred stalks Shred stalks Shred stalks Shred stalks Shred stalks Shred stalks Shred stalks Shred stalks
management
Corn stover 0% 0% 0% 0% 40% 40% 40% 40%
removal in fall
Tillage Disk-rip/ Disk-rip/ Disk-rip/ Disk-rip/ Disk-rip/ Disk-rip/ Disk-rip/ Disk-rip/
(fall/spring) field cultivate | field cultivate | field cultivate | field cultivate | field cultivate field cultivate field cultivate field cultivate
Corn hybrid 101 101 101 101 105 105 105 105
RM
Final stand 34,000 34,000 34,000 34,000 39,000 39,000 39,000 39,000
(plants/ac)
Foliar-applied No No No No Yes Yes Yes Yes
fungicide at VT
20 Ib/ac 20 Ib/ac 20 Ib/ac 20 Ib/ac 20 Ib/ac 20 Ib/ac 20 Ib/ac 20 Ib/ac
S fertilization sulfate-S sulfate-S sulfate-S sulfate-S sulfate-S sulfate-S sulfate-S sulfate-S
(gypsum) (gypsum) (gypsum) (gypsum) (gypsum) (gypsum) (gypsum) (gypsum)
P fertilization UofM UofM 50% of 50% of UofM Uof M 50% of grain 50% of grain
strategy guidelines guidelines grain removal | grain removal guidelines guidelines removal removal
K fertilization UofM UofM 100% of 100% of UofM UofM 100% of 100% of
strategy guidelines guidelines grain removal | grain removal guidelines guidelines grain removal | grain removal
Broadcast P20s
+ + + + + + + +
+ K20 (Ib/ac) 0+30 0+30 43 +69 43 + 69 0+30 0+30 43 +69 43 +69
Total b N/ac 5 180 8 220 5 180 8 220
10-34-0 4 gal/ac: 4 gal/ac: 4 gal/ac: 4 gal/ac: 4 gal/ac: 4 gal/ac: 4 gal/ac: 4 gal/ac:
in seed furrow 5 Ib N/ac + 51b N/ac + 5 Ib N/ac + 51b N/ac + 5 Ib N/ac + 51b N/ac + 5 Ib N/ac + 51b N/ac +
at planting 16 1b P2Os/ac | 161bP20s/ac | 161b P2Os/ac | 161b P2Os/ac | 16 1b P2Os/ac 16 1b P2Os/ac 16 1b P2Os/ac 16 1b P2Os/ac
12-0-0-26 2 gal/ac: 2 gal/ac: 2 gal/ac: 2 gal/ac:
surface-banded 0 0 3 1b N/ac + 3 1b N/ac + 0 0 3 1b N/ac + 3 Ib N/ac +
(2 inch x 0 inch) 5.81b 5.81b 5.8 Ib sulfate- | 5.8 Ib sulfate-
at planting sulfate-S/ac sulfate-S/ac S/ac S/ac
28-0-0
surface-banded 0 0 0 7 gal/ac: 0 0 0 7 gal/ac:
(2 inch x 0 inch) 21 1b N/ac 21 1b N/ac
at planting
Pre-plant urea
(Ib N/ac) 0 175 0 111 0 175 0 111
Injected
28-0-0 at V6 0 0 0 40 0 0 0 40
(Ib N/ac)
28-0-0
surface-banded
near rows using
360 Y-DROP’ 0 0 0 40 0 0 0 40
system at V14
(Ib N/ac)




b)

Monthly total precipitation in 2018 at Waseca, MN was near the 30-year average during April
through August (Table 2), but was 6.87 inches above the 30-year average in September.
Adequate, but not excessive precipitation, from April through August, combined with warmer
than normal air temperature during May and June, near-normal air temperature during July and
August, and modestly above-normal air temperatures during September, resulted in robust corn
growth and development during vegetative stages and limited stress during kernel set and grain
filling. This resulted in a maximum yield of 229 bu/acre in this trial (Table 4).

Table 2. Monthly total precipitation and average
air temperature at Waseca, MN in 2018, with
departures from the 30-year average (1981-2010)
in parentheses.

Air
Month Precipitation | temperature
---inches --- | ------ °F ------
April 3.52 (-0.95) 33.1(-13.0)
May 5.28 (+1.35) 66.5 (+7.8)
June 5.78 (+1.09) 70.8 (+2.3)
July 4.38 (-0.06) 71.1(-0.9)
August 4.79 (+0.04) 69.3 (-0.5)
September 10.54 (+6.87) 64.0 (+2.7)

To accomplish the goal/objective “Collect and analyze plant samples,” whole plant samples were
collected from each plot at the V10 corn stage for determination of dry matter yield and nutrient
uptake. Eight whole plants were collected from the non-harvest rows of each plot, weighed wet,
ground, and subsampled for determination of plant moisture content and calculation of whole
plant dry matter yield. A dry subsample of ground plant material from each plot was analyzed for
total N, phosphorus, potassium, calcium, sulfur, magnesium, boron, manganese, iron, zinc,
copper, and aluminum. Corn nutrient uptake at the V10 corn stage was calculated as the product
of plant dry matter yield and nutrient concentration, and is shown in Table 3. Differences among
treatments at the V10 corn stage are shown in Photos 1-8.



Photo 1. Treatment 1 (farmer-practice
agronomics, standard fertilizer management,
and no N applied) at the V10 corn stage.

Photo 3. Treatment 3 (farmer-practice
agronomics, advanced fertilizer management,
and no N applied) at the V10 corn stage.

Photo 2. Treatment 2 (farmer-practice
agronomics, standard fertilizer management,
and N applied) at the V10 corn stage.

Photo 4. Treatment 4 (farmer-practice
agronomics, advanced fertilizer management,
and N applied) at the V10 corn stage.
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Photo 6. Treatment 6 (sustainable intensification,

standard fertilizer management, and N applied) at
the V10 corn stage.

Y > ks _‘ .\“' -
Photo 5. Treatment 5 (sustainable intensification,
standard fertilizer management, and no N applied)
at the V10 corn stage.

Photo 8. Treatment 8 (sustainable intensification,
advanced fertilizer management, and N applied)
at the V10 corn stage.

Photo 7. Treatment 7 (sustainable intensification,
advanced fertilizer management, and no N
applied) at the V10 corn stage.



Table 3. Corn dry matter yield and nutrient uptake at the V10 stage as affected by the agronomic and fertilizer management
treatments at Waseca, MN in 2018. Treatments are described in detail in Table 1.!

Treatment
1 2 3 4 5 6 7 8
Agronomic mgt.? FP FP FP FP SI SI SI SI

Fertilizer mgt. | Standard | Standard | Advanced | Advanced | Standard | Standard | Advanced | Advanced

N fertilization No Yes No Yes No Yes No Yes

Drymatter yield )y ge7 ¢3 | 34202 | 2,192bc | 3,782a | 2,118bc | 3479a | 2420b | 3,799a

at V10 (Ib/acre)
N uptake at

V10 (Ib N/acre) 25¢ 72b 8¢ 84 a 27¢ 76 ab 29¢ 83a
P uptake at

V10 (Ib P/acre) 6.8d 8.8 be 9.0 bc 11.1a 82cd 9.1 bc 9.2 bc 10.1 ab
K uptake at

V10 (Ib K/acre) 53d 65 bed 71b 98 a 55cd 55cd 69 be 71b
Ca uptake at

V10 (Ib Ca/acre) 44¢ 9.8¢ 4.7 ¢ 12.1 ab 6.5d 11.7b 6.2d 132 a

S uptake at

V10 (Ib S/acre) 2.6¢c 41b 2.6¢ 48a 2.6¢ 4.3 ab 2.8 ¢ 45a
Mg uptake at

V10 (Ib Mg/acre) 36¢c 92b 37¢c 89b 52c¢ 12.0a 4.6c 11.8a
B uptake at

V10 (Ib Blacre) 0.7c 12b 0.7c¢ 1.5a 0.8 ¢ 1.5a 0.8 ¢ l1.6a
Mn uptake at

V10 (Ib Mn/acre) 6.5c¢ 9.6b S54c 11.1 ab 73 ¢ 11.1 ab 74 c 129a
Fe uptake at

V10 (Ib Fe/acre) 24¢c 38 ab 24c 43 a 24c 37 ab 23¢ 35D
Zn uptake at

V10 (Ib Zn/acre) 59c¢ 7.8 ab 6.9 be 7.7 ab 8.1 ab 8.8a 72Db 88a
Cu uptake at

V10 (Ib Cu/acre) 0.8b 19a 09b 2.0a 09b 22a 1.0b 2.0a
Al uptake at

V10 (Ib Alacre) 13a 18a 15a 16a 16 a 18a 14a 16 a

N = nitrogen; P = phosphorus; K = potassium; Ca = calcium; S = sulfur; Mg = magnesium; B = boron; Mn = manganese; Fe = iron; Zn = zinc;
Cu = copper; Al = aluminum.

FP = farmer practice; SI = sustainable intensification.

Within a row, values followed by the same letter are not statistically different at the 10% probability level.

Greatest corn dry matter yield at the V10 stage was obtained with all combinations of fertilizer
and agronomic management when N fertilizer was applied (Table 3). On average, corn dry matter
yield at the V10 stage was 68% greater with N fertilization. The non-N-fertilized control
treatments are included in this study for evaluation of N use efficiency indices.

For N-fertilized treatments, corn uptake of N, sulfur, boron, and manganese at the V10 stage was
less with standard fertilizer management + farmer-practice agronomics compared to treatments
including advanced fertilizer management or sustainable intensification (Table 2). Similarly, corn
uptake of phosphorus, potassium, and copper was greater with advanced compared to standard
fertilizer management for both levels of agronomic management.



¢) To accomplish the goal/objective “harvest plots for grain, cob, and stover, and analyze plant
samples collected at harvest,” whole-plant corn samples were collected from each plot at the R6
growth stage (physiological maturity). Ears were separated from the rest of the plant (stover).
Ears were dried, weighed, and shelled, after which grain and cobs were weighed separately.
Stover was weighed, chipped, sub-sampled in the field, with sub-samples weighed wet and again
after drying. These data were used to calculate corn silage yield at 65% moisture content. In
early-October, plots were end-trimmed and harvested using a plot combine. Grain yield was
adjusted 15.5% moisture content. A dry subsample of ground grain, cobs, and stover from each
plot was analyzed for total N, phosphorus, potassium, calcium, magnesium, sulfur, boron, copper,
iron, manganese, and zinc. Corn nutrient uptake was calculated as the product of plant dry matter
yield and nutrient concentration and is shown in Tables 4-5.

Parameters of corn N uptake and N use efficiency were calculated as:

i) Apparent N fertilizer uptake efficiency = [(aboveground N uptake in treatment with N
fertilization — aboveground N uptake in corresponding treatment without N fertilization) / (N
fertilizer rate in treatment with N fertilization — N fertilizer rate in corresponding treatment
without N fertilization)]

i1) Physiological N use efficiency = [(grain yield in treatment with N fertilization — grain yield in
corresponding treatment without N fertilization) / (aboveground N uptake in treatment with N
fertilization — aboveground N uptake in corresponding treatment without N fertilization)]

iii)) Agronomic N use efficiency = [(grain yield in treatment with N fertilization — grain yield in
corresponding treatment without N fertilization) / (N fertilizer rate in treatment with N
fertilization — N fertilizer rate in corresponding treatment without N fertilization)]

With N fertilization, corn grain yield was greatest with advanced fertilizer management and either
farmer-practice agronomics or sustainable intensification (average = 227 bu/acre) (Table 4). This
was 5% greater than that with standard fertilizer management (average = 216 bu/acre).

With N fertilization, corn silage yield was maximized with sustainable intensification + advanced
fertilizer management (30.8 tons/acre) (Table 4). This was 8% greater than that with standard
fertilizer management + farmer-practice agronomics or sustainable intensification (average = 28.5
tons /acre). Among treatments with N fertilization, silage yield was least with advanced fertilizer
management + farmer-practice agronomics. With N fertilization, grain and silage yields averaged
2.0- and 1.4-fold greater, respectively, compared to when no N fertilizer was applied.

Grain moisture at harvest averaged 3.9 percentage points greater with sustainable intensification
than farmer-practice agronomics (Table 4). This is attributed to the later-maturity hybrid (105-
day) with sustainable intensification compared to farmer-practice agronomics (101-day).

Apparent fertilizer N uptake efficiency, or the increase in corn N uptake per pound of N fertilizer
applied, was greatest with standard fertilization + either level of agronomic management and least
with advanced fertilization + farmer-practice agronomics (Table 4). Physiological N use
efficiency, or bushels gained per one-pound increase in corn N uptake when N fertilizer was
applied, was not affected by the treatments in this study. Agronomic N use efficiency was
greatest with standard fertilizer management + sustainable intensification. This is attributed to
moderately high yield (218 bu/acre) achieved with relatively low N fertilizer input (180 1b
N/acre). Agronomic N use efficiency was less with the other treatments.



Table 4. Corn yield, grain moisture at harvest, N uptake at R6 (maturity), N use efficiency parameters, and residual soil
nitrate-N in the 0-40 inch depth as affected by the agronomic and fertilizer management treatments at Waseca, MN in 2018.
Treatment details are in Table 1.

Treatment

1

2

3

4

5

6

7

8

Agronomic mgt.'

FP

FP

FP

FP

SI

SI

SI

SI

Fertilizer mgt.

Standard

Standard

Advanced

Advanced

Standard

Standard

Advanced

Advanced

N fertilization

No

Yes

No

Yes

No

Yes

No

Yes

Silage yield
(ton/acre at 65%)

12.1d?

28.1b

12.3d

25.6 ¢

11.7d

289c¢

11.6d

30.8a

Grain yield
(bu/acre at 15.5%)

80 ¢

213b

77 ¢

224 a

73 cd

218b

66 d

229 a

Grain moisture
at harvest (%)

24.4d

20.6 ¢

25.8 ¢

214e

29.2b

244d

30.5a

23.8d

Corn N uptake in
grain, cobs, and stover
at R6 (Ib N/acre)

53d

175 be

53d

184 ab

52d

173 ¢

47d

186 a

Apparent fertilizer N
uptake efficiency
(Ib increase in corn N
uptake in grain, cobs,
and stover at R6
per Ib N applied)

0.70 a

0.62b

0.69 a

0.66 ab

Physiological N use
efficiency (bushels
gained per 1-Ib
increase in corn N
uptake in grain, cobs,
and stover at R6 when
N applied

1.10 a

1.12a

1.20a

1.18 a

Agronomic N use
efficiency
(bushels gained
per Ib N applied)

0.76 b

0.69 c

0.83a

0.77b

Residual soil nitrate-N
after harvest in the
0-40 inch depth
(Ib nitrate-N/acre)

12 ¢

22b

9cd

29a

8cd

9cd

7d

24 ab

1" FP = farmer practice; SI = sustainable intensification.

2 Within a row, values followed by the same letter are not statistically different at the 10% probability level.

Corn nutrient uptake in grain, cobs, and stover at maturity was affected by agronomic
management, fertilizer management, and N fertilization. Aboveground corn nutrient uptake
averaged 0.2- to 3.1-fold greater with N fertilization compared to without N fertilization for all
nutrients measured in this study except zinc and aluminum (Tables 4 and 5). These increases in
corn nutrient uptake were associated with greater grain and whole-plant yields.

When N fertilizer was applied, advanced fertilization + sustainable intensification maximized
corn uptake of each nutrient measured in this study (Tables 4 and 5). Corn uptake of N and
potassium was greatest with advanced fertilization + either level of agronomic management.
Greatest corn uptake of phosphorus occurred with advanced fertilization + either level of
agronomic management and with standard fertilization + farmer-practice agronomics. For
magnesium and manganese, greatest uptake by corn occurred with standard fertilization + either



level of agronomic management and with advanced fertilization + sustainable intensification.

Corn uptake of sulfur, iron, zinc, and aluminum was not significantly influenced by fertilizer
management or agronomic management.

Table 5. Corn uptake of nutrients other than N in grain, cobs, and stover at R6 (maturity) as affected by the agronomic and
fertilizer management treatments at Waseca, MN in 2018. Treatment details are in Table 1.!

Treatment

1

2

3

4

5

6

7

8

Agronomic mgt.2

FP

FP

FP

FP

SI

SI

SI

SI

Fertilizer mgt.

Standard

Standard

Advanced

Advanced

Standard

Standard

Advanced

Advanced

N fertilization

No

Yes

No

Yes

No

Yes

No

Yes

Corn P uptake in
grain, cobs, and stover
at R6 (Ib P/acre)

28 de?

33 abc

30 bede

36a

26 ¢

31 bed

30 cde

34 ab

Corn K uptake in
grain, cobs, and stover
at R6 (Ib K/acre)

78 d

122 b

92 ¢

143 a

73d

124 b

79d

140 a

Corn Ca uptake in
grain, cobs, and stover
at R6 (Ib Ca/acre)

12 ¢

28b

11c

29b

11c

31b

13 ¢

36a

Corn S uptake in
grain, cobs, and stover
at R6 (Ib S/acre)

9b

15a

9b

15a

&b

15a

&b

16 a

Corn Mg uptake in
grain, cobs, and stover
at R6 (Ib Mg/acre)

13 ¢

27 ab

13 ¢

25b

13¢

29a

15¢

29a

Corn B uptake in
grain, cobs, and stover
at R6 (Ib B/acre)

2.5d

50c

24d

5.1 bc

23d

56b

2.5d

6.2a

Corn Mn uptake in
grain, cobs, and stover
at R6 (Ib Mn/acre)

22 bed

25 abc

16d

22 bed

21 cd

29 ab

19 cd

31a

Corn Fe uptake in
grain, cobs, and stover
at R6 (Ib Fe/acre)

118 be

152 a

111 cd

134 abc

82 e

127 abc

88 de

139 ab

Corn Zn uptake in
grain, cobs, and stover
at R6 (Ib Zn/acre)

35ab

33 be

34 be

30¢c

31 be

32 bc

38 a

32 bc

Corn Cu uptake in
grain, cobs, and stover
at R6 (Ib Cu/acre)

19¢

7.0b

19¢

7.0b

1.6¢

7.5 ab

1.7¢

79a

Corn Al uptake in
grain, cobs, and stover
at R6 (Ib Al/acre)

113 a

91 ab

105 a

75b

75b

77b

75b

77b

' N = nitrogen; P = phosphorus; K = potassium; Ca = calcium; S = sulfur; Mg = magnesium; B = boron; Mn = manganese; Fe = iron; Zn = zinc;
Cu = copper; Al = aluminum.

2 FP = farmer practice; SI = sustainable intensification.

3 Within a row, values followed by the same letter are not statistically different at the 10% probability level.

d) To accomplish the goal/objective “collect soil samples after harvest and analyze,” soil samples

were collected after harvest in mid-October to a depth of 40 inches and were processed and
analyzed for bulk density and nutrients. When N fertilizer was applied, residual soil nitrate-N in
the 0- to 40-cm depth was greatest with advanced fertilization + farmer-practice agronomics and




2

least with standard fertilization + sustainable intensification; the difference between these
treatments was 20 lb/acre (Table 4).

Soil-test levels from the fall of 2018 show that the treatments in this study did not affect soil
organic matter, cation exchange capacity, electrical conductivity, calcium, sulfur, magnesium,
boron, manganese, iron, zinc, copper, or sodium for any depth increment within the 0- to 40-inch
soil profile (Tables 6-9). On average, there was no significant difference between standard and
advanced fertilizer management for pH for any depth increment within the 0- to 40-inch soil
profile.

Within the 0- to 2-, 2- to 4-, and 4- to 8-inch depths, Bray-1 phosphorus averaged 53, 40, and 13
ppm greater with advanced compared to standard fertilizer management, respectively (Table 7).
Within the 0- to 2-, 2- to 4-, and 4- to 8-inch depths, Olsen phosphorus averaged 35, 25, and 8
ppm greater with advanced compared to standard fertilizer management, respectively. Within the
0- to 2- and 2- to 4-inch depths, soil-test potassium averaged 62 and 22 ppm greater with
advanced compared to standard fertilizer management, respectively. There was no significant
difference between standard and advanced fertilizer management for Bray-1 or Olsen phosphorus
for depth increments below 8 inches, or for potassium for depth increments below 4 inches.

To accomplish the goal/objective “manage plots in the fall,” plots were managed as appropriate.
This involved chopping corn stalks following soil sampling, partial stover removal in the
appropriate plots, application of phosphorus and potassium fertilizers as appropriate based on the
treatments, and disk-ripping the trial area.

To accomplish the goal/objective “present oral update to AFREC council,” an oral update was
presented to the AFREC council on December 11, 2018 at Minneapolis, MN.

To accomplish the goal/objective “research results to farmers and agricultural professionals and

Extension meetings,” results from this research were presented to farmers and agricultural
professionals at Extension meetings across Minnesota.

10



Table 6. Soil-test pH, organic matter, cation exchange capacity, and electrical conductivity by depth in the fall of
2018 for the agronomic and fertilizer management treatments at Waseca, MN. Treatment details are in Table 1.

Treatment
1 2 3 4 5 6 7 8
Ag::l’;t‘fl'“ic FP FP FP FP SI SI SI SI
Fertilizer mgt. | Standard | Standard | Advanced | Advanced | Standard | Standard | Advanced | Advanced
Soil test N fertilizer No Yes No Yes No Yes No Yes
Depth
(inches)
pH 0-2 7.0ab? | 6.9ab 7.1a 6.9 ab 6.9 ab 6.8 ab 7.0 ab 6.7b
2-4 7.0a 7.0a 7.0 a 6.8 ab 7.1a 6.8 ab 7.0 a 6.5b
4-8 6.3 abc 6.6a 6.5 ab 6.4 abc 6.6 a 6.2 bc 6.6a 6.1c
8-12 58b 6.0 ab 6.0 ab 6.1 ab 6.0 ab 6.1 ab 6.2a 6.0 ab
12-24 6.3 a 6.2a 6.4a 6.3a 6.4 a 6.3 a 6.5a 6.5a
24-40 7.1a 6.7b 7.1a 7.1a 7.1a 72a 6.6b 73a
Organic 0-2 45a 47 a 45a 45a 43 a 45a 44a 44 a
m(%f)er 2.4 43a | 46a | 44a | 44a | 42a | 43a | 41a | 42a
4-8 43a 44a 43a 43a 41a 42a 40a 4.1a
8-12 42a 42a 34a 4.1a 3.7a 40a 36a 37a
12-24 24a 24 a 23a 25a 20a 2.8a 2.0a 24 a
24-40 1.3a 13a 1.2a 14a 1.2 a 1.2 a 1.7a 13a
Cation 0-2 18.5a 16.8 a 19.1a 18.9a 179 a 19.5a 18.3a 18.0a
ngzgil;glfy 2-4 184a | 17.7a | 185a | 183a | 17.8a | 183a | 17.5a | 20.0a
summation 4-8 22.5a 19.2 a 21.0a 19.9 a 254 a 23.1a 18.8 a 24.0
(meq/100 g) 8-12 243a | 225a | 21.8a | 212a | 22.0a | 233a | 21.8a | 223a
12-24 21.2a | 20.8a 21.6a 19.7 a 18.0a 199a 21.0a 20.1a
24-40 22.6a 19.5a 22.6a 219a 20.5a 18.1a 18.6 a 22.0a
Electrical 0-2 0.13a | 0.15a | 0.13a | 0.15a | 0.13a | 0.12a | 0.14a | 0.12a
conductivity ) 7 0.15a | 0.15a | 0.14a | 0.13a | 0.15a | 0.13a | 0.15a | 0.la
(mmhos/cm)
4-8 0.11a 0.13a 0.10a 0.11a 0.11a 0.12a 0.10a 0.11a
8-12 0.09 a 0.10a 0.10a 0.10a 0.10 a 0.12a 0.09 a 0.09 a
12-24 0.09 a 0.11a 0.12a 0.12a 0.10 a 0.11a 0.10a 0.12a
24-40 0.09 a 0.12 a 022 a 0.17 a 022a 0.19a 0.08 a 0.19a

' FP = farmer practice; SI = sustainable intensification.

2 Within a depth for a given soil test, values followed by the same letter are not statistically different at the 10% probability level.
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Table 7. Soil-test Bray-1 phosphorus, Olsen phosphorus, potassium, and calcium by depth in the fall of 2018 for the
agronomic and fertilizer management treatments at Waseca, MN. Treatment details are in Table 1.

Treatment
1 2 3 4 5 6 7 8
Ag:l’;t‘fl'“ic FP FP FP FP SI SI SI SI
Fertilizer mgt. | Standard | Standard | Advanced | Advanced | Standard | Standard | Advanced | Advanced
Soil test N fertilizer No Yes No Yes No Yes No Yes
Depth
(inches)
Bray-1 0-2 33d? 19¢ 98 a 74 b 30d 23 de 82b 61c
ph‘z;g?n‘;ms 24 26d | 15d | 75a 53¢ 25d 19d 64 b 52¢
4-8 16 be 14 be 33 a 24 ab 15 be 12¢ 30a 23 ab
8-12 13a 12 a 8a 12 a 8a 7a 9a 11 a
12-24 3a 4a 4a 3a 2a 5a 3a 2a
24-40 3a 4 a 5a 3a 3a 3a 4 a 3a
Olsen 0-2 19d Ile 62a 50b 20 16 de 53b 41 ¢
ph‘;;‘;}r;‘;ms 24 15¢d | 8d 48 a 32b 17¢ | ldcd | 43a 30b
4-8 8¢ 7c 21 a 14 abc 11 be 8¢ 17 ab 13 be
8-12 6a S5a S5a 7a 6a S5a 6a 7a
12-24 2a 2a 4a 3a 3a 4a 3a 3a
24-40 2a 3a 3a 3a 3a 2a S5a 3a
Potassium 0-2 201 ¢ 194 ¢ 266 a 271 a 190 ¢ 200 ¢ 237b 258 ab
(ppm) 24 149bc | 150bc | 196a | 156bc | 147c | 150bc | 174ab | 159 be
4-8 129b 130b 143 ab 128 b 158 a 127 b 138 ab 135 ab
8-12 117 a 115a 125a 117 a 120 a 120 a 128 a 121 a
12-24 135a 131 a 145 a 134 a 125 a 121 a 150 a 144 a
24-40 140 a 154 a 148 a 154 a 135a 124 a 145 a 142 a
Calcium 0-2 3045a | 2709a | 3059a | 2915a | 2876a | 2802a | 2930a | 2681a
(ppmm) 24 3053a | 2887a | 2989a | 2807a | 2893a | 2787a | 2783a | 2658a
4-8 2662a | 2790a | 2679a | 2522a | 3335a | 268la | 2615a | 2578a
8-12 2330a | 2273 a | 2419a | 2322a | 2390a | 2503a | 2406a | 2336a
12-24 2610a | 2362a | 2728a | 2491a | 2368 a 2346 2670a | 2724 a
24-40 3436 a 2494 3321a | 3140a | 3063a | 2683a | 2389a | 3347a

' FP = farmer practice; SI = sustainable intensification.

2 Within a depth for a given soil test, values followed by the same letter are not statistically different at the 10% probability level.
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Table 8. Soil-test sulfur, magnesium, boron, and manganese by depth in the fall of 2018 for the agronomic and

fertilizer management treatments at Waseca, MN. Treatment details are in Table 1.

Treatment
1 2 3 4 5 6 7 8
Ag:l’;t‘fl'“ic FP FP FP FP SI SI SI SI
Fertilizer mgt. | Standard | Standard | Advanced | Advanced | Standard | Standard | Advanced | Advanced
Soil test N fertilizer No Yes No Yes No Yes No Yes

Depth
(inches)

Sulfur 0-2 6.6a2 | 7.5a 50a 6.6 a 6.2a 6.8a 59a 8.3a

(ppm) 24 75a | 74a | 65a | 7da | 70a | 71a | 63a | 8.la

4-8 85a 7.5a 8.1a 7.7 a 7.8 a 8.7 a 6.7 a 8.9a

8-12 8.0a 9.1a 7.6 a 8.0a 7.5a 7.5a 7.8a 83a

12-24 39a 5.0a 45a 4.7 a 45a 5.1a 3.6a 3.7a

24-40 45a 23a 49 a 39a 43a 3.6a 3.1a 5.1a

Magnesium 0-2 329 a 323 a 371 a 345 a 351 a 331a 363 a 317 a

(ppm) 24 323a | 334a | 362a | 338a | 346a | 307a | 364a | 308a

4-8 342 a 385a 401 a 393 a 472 a 356 a 422 a 366 a

8-12 378 a 409 a 488 a 456 a 426 a 451 a 493 a 407 a

12-24 540 a 561 a 634 a 567 a 513 a 456 a 679 a 554 a

24-40 576 a 720 a 650 a 663 a 564 a 507 a 650 a 575a

Boron 0-2 0.39a 042a 042a 0.44 a 0.35a 0.47 a 043 a 0.45a

(ppm) 24 045a | 043a | 044a | 045a | 042a | 046a | 040a | 045a

4-8 0.48 a 043 a 0.46 a 0.48 a 0.46 a 0.48 a 045a 0.49 a

8-12 0.51 a 0.50 a 0.44 a 0.51a 0.50 a 0.49 a 0.46 a 0.48 a

12-24 0.38 a 0.33a 0.35a 0.32a 0.29 a 0.40 a 0.30a 0.36a

24-40 0.22 a 022a 024 a 022a 0.22 a 0.19a 028 a 022a

Manganese 0-2 8.la 9.0a 6.8 a 8.6a 85a 10.1 a 7.3 a 95a

(ppmm) 24 94a | 96a | 86a | 93a | 89a | 106a | 84a | 120a

4-8 150a 11.8a 13.4a 12.6a 12.1a 12.5a 12.6a 146 a

8-12 14.7 a 12.7a 82a 10.6 a 10.1 a 10.7 a 9.7a 11.7a

12-24 53a 35a 6.0a 39a 59a 7.6 a 6.4a 8.0a

24-40 7.9 a 7.8 a 102 a 6.5a 7.7 a 59a 82a 8.0a

' FP = farmer practice; SI = sustainable intensification.

2 Within a depth for a given soil test, values followed by the same letter are not statistically different at the 10% probability level.
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Table 9. Soil-test iron, zinc, copper, and sodium by depth in the fall of 2018 for the agronomic and fertilizer

management treatments at Waseca, MN. Treatment details are in Table 1.

Treatment
1 2 3 4 5 6 7 8
Ag::l’;t‘fl'“ic FP FP FP FP SI SI SI SI
Fertilizer mgt. | Standard | Standard | Advanced | Advanced | Standard | Standard | Advanced | Advanced
Soil test N fertilizer No Yes No Yes No Yes No Yes
Depth
(inches)

Iron 0-2 55a? 57a 52a 62a 46 a 66 a 53a 68 a
(ppm) 24 9a | 63a 72a 77 a 63a 75a 66 a 88 a
4-8 115a 106 a 108 a 102 a 99 a 107 a 94 a 108 a

8-12 126 a 131 a 93a 109 a 100 a 104 a 88 a 95a

12-24 52a 65a 50a 55a 39a 67 a 39a 33a

24-40 20 a 28 a 23 a 24 a 18a 19a 33a 19a
Zinc 0-2 0.74 a 0.71 a 0.99 a 0.77 a 0.62 a 0.70 a 0.81 a 0.78 a
(ppm) 24 0.76a | 0.77a | 084a | 0.69a | 0.65a | 0.66a | 0.87a | 0.79a
4-8 0.74 a 0.79 a 0.80 a 0.64 a 0.72 a 0.74 a 0.94 a 0.68 a
8-12 0.68 a 0.72 a 0.33 0.53 a 045a 044 a 0.72 a 0.50 a
12-24 0.20a 0.26 a 0.21 a 0.21 a 0.19a 0.28 a 0.23 a 0.22 a
24-40 0.36a 0.27 a 0.47 a 0.46 a 041a 032a 0.38 a 0.34 a
Copper 0-2 0.68 a 0.66 a 0.71 a 0.71 a 0.65a 0.70 a 0.68 a 0.69 a
(ppm) 24 099a | 0.89a | 096a | 0.8la | 0.85a | 0.8la | 1.00a | 094a
4-8 1.20a 1.20 a 1.24 a 1.02 a 1.15a 1.15a 1.10a 1.06 a
8-12 1.29a 1.18 a 1.15a 1.12a 1.10 a 1.10 a 142 a 1.07 a
12-24 1.35a 1.24 a 149 a 1.35a 1.14a 1.05a 1.32a 1.21a
24-40 140 a 140 a 1.74 a 148 a 1.31a 1.15a 1.52 a 1.28 a

Sodium 0-2 8.8a 9.0a 83a 85a 11.0a | 9.0a 83a 9.0a
(ppm) 24 95a | 103a | 95a | 93a | 100a | 93a | 95a | 98a
4-8 11.0a 10.3 a 11.5a 13.0a 12.0 a 11.0a 11.0a 12.5a
8-12 14.0 a 12.0 a 153 a 13.3a 14.0 a 14.8 a 13.8 a 143 a
12-24 25.0a 19.0 a 238 a 20.5a 20.8 a 173 a 26.0 a 233 a
24-40 355a 345a 335a 32.8a 323 a 28.0a 31.5a 32.8a

' FP = farmer practice; SI = sustainable intensification.

2 Within a depth for a given soil test, values followed by the same letter are not statistically different at the 10% probability level.
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3) MULTI-YEAR SUMMARY FOR KEY METRICS OF CROPPING SYSTEM PERFORMANCE

Table 10. Corn grain yield for treatments with N fertilization at Waseca, MN. Treatment details are in
Table 1.

Agronomic | Fertilizer | Total N 6-year
mgt. ! mgt. applied | 2013 2014 2015 2016 2017 2018 avg.
Ib N/acre bu/acre
FP Standard | 165-180 | 193¢?| 92¢ 203c | 214c | 209c | 213b | 187¢c
FP Advanced | 205-220 | 215b | 121b | 220b | 220b | 230ab | 224a | 205D
SI Standard | 165-180 | 210b | 124b | 234a | 233a | 228b | 218b | 207D
SI Advanced | 205-220 | 233a | 156a | 242a | 239a | 238a | 229a | 223 a

1" FP = farmer practice; SI = sustainable intensification.

2 Within a column, values followed by the same letter are not statistically different at the 10% probability level.

Key findings for grain yield:

1) There was a yield gap of 16 to 64 bu/acre between treatments with highest and lowest yields.
Averaged across years, this yield gap was 36 bu/acre or 19%.

2) Greatest 6-year average yield occurred with advanced fertilizer management applied to
sustainable intensification.

3) Intermediate 6-year average yield occurred with either advanced fertilizer management or
sustainable intensification alone.

Table 11. Economic net return for treatments with N fertilization at Waseca, MN. Treatment details
are in Table 1.

Agronomic | Fertilizer | Added 6-year
mgt. ! mgt. inputs 2013 2014 2015 2016 2017 2018 avg.
$/acre | ------- change in net return after drying + inputs, $/acre -------
FP Standard - - - - - - - -
FP Advanced | 54-77 -8 6 =22 -56 -14 =27 -19
ST Standard 18-33 -3 64 45 6 -6 -54 10
SI Advanced | 87-95 -8 80 -4 -49 -43 -68 -13

! FP = farmer practice; SI = sustainable intensification.

Key findings for economic net return:

1) When compared to farmer-practice agronomics + standard fertilizer management, economic net
return was significantly greater with sustainable intensification alone in 2 of 6 years.

2) When compared to farmer-practice agronomics + standard fertilizer management, economic net
return was significantly less in 4 of 6 years and on average with advanced fertilizer management
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alone or in combination with sustainable intensification. This was associated with the cost of
applying phosphorus and potassium fertilizers at greater rates, especially during the first 5 years
of the study.

Table 12. Agronomic N use efficiency at Waseca, MN. Treatment details are in Table 1.

Agronomic | Fertilizer | Total N 6-year
mgt. ! mgt. applied 2013 2014 2015 2016 2017 2018 avg.

Ib N/acre | -----------—- increase in yield (bu/acre) per Ib N applied -------------

FP Standard | 165-180 | 0.57b2 | 0.28¢ | 0.56b | 0.66a | 0.59b | 0.76a | 0.57b

FP Advanced | 205-220 | 0.56b | 0.35bc | 0.52b | 0.52b | 0.62b | 0.69¢c | 0.54Db

SI Standard | 165-180 | 0.68a | 0.4l ab | 0.65a | 0.66a | 0.71a | 0.83a | 0.66a

SI Advanced | 205-220 | 0.64a | 048a | 0.54b | 0.56b | 0.62b | 0.77b | 0.60 ab

' FP = farmer practice; SI = sustainable intensification.

2 Within a column, values followed by the same letter are not statistically different at the 10% probability level.

Key findings for agronomic N use efficiency:

1) Averaged across years, agronomic N use efficiency was greater with sustainable intensification
compared to farmer-practice agronomics for standard fertilizer management, but not for advanced
fertilizer management. Across years and both levels of fertilizer management, agronomic N use
efficiency was greater with sustainable intensification compared to farmer-practice agronomics.

Greater agronomic N use efficiency was associated with greater corn N recovery efficiency.

Table 13. Corn N recovery efficiency at Waseca, MN. Treatment details are in Table 1.

Agronomic | Fertilizer | Total N 6-year
mgt. ! mgt. applied 2013 2014 2015 2016 2017 2018 avg.

Ib N/acre | ---------- - increase in N uptake (Ib N/acre) per Ib N applied -----------

FP Standard | 165-180 | 0.44b2 | 0.24b | 0.53b | 0.61ab | 0.63b | 0.70a | 0.53b

FP Advanced | 205-220 | 0.51ab | 0.27b | 0.60a | 0.58bc | 0.62b | 0.62b | 0.53Db

SI Standard | 165-180 | 0.55a | 0.40a | 0.65a | 0.68a 0.75a 0.69 a 0.62 a

SI Advanced | 205-220 | 0.55a | 042a | 0.54b | 0.51¢c | 0.67ab | 0.66ab | 0.56 ab

' FP = farmer practice; SI = sustainable intensification.

2 Within a column, values followed by the same letter are not statistically different at the 10% probability level.

Key findings for corn N recovery efficiency:

1) For standard fertilizer management, corn N recovery efficiency was greater with sustainable

intensification compared to farmer-practice agronomics in 4 of 6 years and on average. For
advanced fertilizer management, corn N recovery efficiency was greater with sustainable
intensification compared to farmer-practice agronomics in 1 of 6 years. Across years, corn N
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4)

5)

recovery efficiency was not significantly different between standard and advanced fertilizer
management for either level of agronomic management.

Table 14. Residual soil nitrate-N after harvest in the 0- to 40-inch depth for treatments with N
fertilization at Waseca, MN. Treatment details are in Table 1.

Agronomic | Fertilizer | Total N 6-year
mgt. ! mgt. applied | 2013 2014 2015 2016 2017 | 2018 avg.
b N/acre Ib nitrate-N/acre
FP Standard | 165-180 | 24b? 30b 26b 34a 26D 22b 27D
FP Advanced | 205-220 32a 41 a 32 ab 35a 25b 29 a 32a
SI Standard | 165-180 | 24 b 33b 36a 33a 30 ab 9¢ 28b
SI Advanced | 205-220 | 28 ab 41 a 36a 32a 32a | 24 ab 32a

' FP = farmer practice; SI = sustainable intensification.

2 Within a column, values followed by the same letter are not statistically different at the 10% probability level.

Key findings for residual soil nitrate-N after harvest in the 0- to 40-inch depth:

1) Across years, residual soil nitrate-N after harvest in the 0- to 40-inch depth was not significantly
different between farmer-practice agronomics and sustainable intensification. For farmer-practice
agronomics, residual soil nitrate-N was less with standard compared to advanced fertilizer
management in 3 of 6 years and on average. For sustainable intensification, residual soil nitrate-N
was less with standard compared to advanced fertilizer management in 2 of 6 years and on

average.

CHALLENGES ENCOUNTERED

There were no significant challenges encountered.

FINANCIAL INFORMATION

A detailed financial report will be submitted by the University of Minnesota Sponsored Financial
Reporting group.
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