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Liming to Reduce Ergovaline Concentration in Toxic Tall Fescue Pastures
Investigators. Craig Roberts, Robert Kallenba@ndJohn Lory University of Missouri

Objective and Relevance

Most pastures in Missouri are covered with common tall fescue, a perennial grass that is infected with
a toxic fungus. The toxins, such as the ergot alkaogdvaline, causes a disorder called fescue
toxicosis. Fescue toxicosis costs the Missouri beef industry $160 million each year by reducing reduce
calf gains, milk production, and pregnancy rate.

Modern recommendations ff oraltkadlloifde sncaunea greanmeangte,r
aset of practices that can reduce production and ingestion of ergovalese practices include
livestock rotatioramong fieldsdilution of tall fescue in the pasture by interseeding legureesjrig of
supplementsand ammoniation of hay. The practices may also include liming, as good soll fertility
encourages legume growth and therefore dilutes the toxicity in a pasture.

It is critical to know if liming affects ergovaline production. Research has shown thaaé@oids
toxins are unstable in alkaline environments and can be reduced when hay is treated with ammonia. Also,
they break down when an alkaline reagent is used on the extract in the laboratory. To date, no research
has been published that exploras effect of lime on ergot alkaloids concentrations.

The main objectiveis to determine the effect of soil pH on ergovaline concentration in toxic tall

fescue. Because it is unknown where ergovaline occurs in the carsyphbjective is to analyze the

tillers in 20 segments.
Procedures

This research is being conductedtbe Tom Roberts farm near Alton, M@his farmwas selected
because it is -prd maalill yf e&dKewnd uektyabl i shed mor e

of most otherdrms in Missouri and surrounding states. On 14 October, 80éds from this field were
tested fortall fescueendophyte using enzymimked immunosorbent assay (Hill, 2005); the results
verified that the field was 95% infected witie endophyte. Thigeld had been seampled on 29 July
2011 and determined tave an average soil pH of 5.5.

Accomplishments forYear 1 (2012)

In Decembef011, 16 plots measuring 10 x 20 feet were marked with afbwbbuffer €parating the
replicates (Figl and 3. Treatments were randomly assigned as-tneated controbr treated with
limestone, and it waplicated 8 timesAlso in December 201 each plot was tested atichestone
surface appliedTable 1.) The limestone used was from Doss and Harper, WestR IO with an
effective neutralizing material (ENM) rating of 368; each plot received enough limestone to meet the
ENM requirements from individualot solil tests.
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Figure 1. Plot layout oliming study located near Alton, M@ith lime and pH data slwn. The
plots are 10 x 20 feet with-fdot buffer stripgnot shown)

Table 1 Soil test results for experimental site in Allton, MO. Dec 2011.

Lab No. Sample I.D. | Treat- pHs N.A. O.M. Bray 1 Ca Mg K CEC

ment meq/ % P Ib/a Ib/a Ib/a meqg/

1009 Iba 100g
C122270 | 1 0-1/2 Control 5.4 25 6.0 43 1486 371 284 8.1
9ClZZZ71 11/2-1 52 25 3.4 31 1227 290 300 7.2
0C122271 1173 51 3.0 2.2 17 1324 282 297 7.9
é122271 5 0-1/2 Control 5.4 3.0 6.2 110 1509 371 261 8.7
é122271 51/2-1 54 3.0 3.4 133 1288 283 274 7.8
(33122271 51i3 5.4 3.0 2.3 145 1403 281 246 8.0
?3122272 11 0-1/2 | Control 5.1 35 6.6 93 1335 345 274 8.6
é122272 11 1/2-1 5.0 3.5 3.1 109 1055 241 279 7.5
(23122272 11 1-3 4.9 3.5 1.6 99 1129 233 260 7.6
2122271 6 0-1/2 Lime 5.9 15 55 134 1459 402 265 7.2
2122271 6 1/2-1 5.4 3.0 3.0 145 1398 316 276 8.2
2122271 6 1i 3 5.2 3.5 2.2 181 1523 281 317 8.9
2122271 10 0-1/2 | Lime 6.4 0.5 6.0 120 1571 499 244 6.8
2122271 10 1/2-1 55 25 2.8 150 1186 355 309 7.3
2122272 10 1-3 4.9 4.0 1.9 181 877 204 283 7.4
0C122272 14 0-1/2 | Lime 6.3 1.0 6.2 104 1632 530 254 7.6




4

C122272 | 14 1/2-1 5.4 3.0 2.8 137 1231 369 294 8.0
5

C122272 | 14 1-3 4.8 4.0 1.8 139 1057 248 257 8.0

Figure 2. Plos for liming study established on the Tom Roberts fagar Alton, MO.

On 18 May 2012, Ipts werefertilized with nitrogen at the rate of 40 |b aened withP and K to soill
test. Annual grass weedrecontrolled by spraying pendimethalProwl H20) at a rate of 4 pints
acrelin early spring. Broadleaf weedsrecontrolled with picloram and 258 (Grazon P+D) at a rate
of 2 pints acrel. During spray application a noonic surfactantvasused.

Plant tillerswereharvestedn 4 Mayfor the spring sampling and d® Octobefor thefall sampling.
The springsamplind at e was chosen t eenupkebutbedosseedipebdadevelapmentt t e r
(Seedheads are highly concentrated with ergovaline and can temporarily skesutt® The fall
samplingdate was chosen to harvest plants that greened up after summer dormancy bthd &flbirey
frost. Individual plant tillers wereandomly selecteatut at soil levelard stored in a freezer
immediately.

Sample analysis scheduled for completion in 2013 (Table 2), but some of the analysis was
completed in December 201Frozen samplewerefreezedried,ground to 1 mmandanalyzed for
ergovaline byHPLC. The whole tillers have been analyzed; the tillers were cugiimch segments, and
those samples are currently in the laboratory.

Results from whole tillers show no difference in ergovaline between {ireated plots and nen
limed controls. This was expected for year 1; there has not been enough time to havinseeffect



on soil pH in these plots, in part because of the drought of 2012. Preliminary results also show that spring
tillers were less toxic than fall tillers. Thus far, the ergovaline concentrations in the spring are below 400
ppb and concentrating in the fall exceed 800 ppb. The complete data set for years 1 and 2 is on schedule
for reporting in December 2013.

Accomplishmentsfor Year 2 (2013)

In 2013, plots were clipped in the spring and fall, freédded and ground, then analyzed for
ergovaine concentration. In addition to whole plant samples collected from the treatment and control
plots, whole tillers were also collected; these tillers were segmented,-theedeground, and analyzed
for ergovaline. Significance of treatments and etéons were determined by PROC MIXED in SAS.

Effect of Lime

The effect of lime on ergovaline can be seen in Table§ Below. Although there were numerical
differences, there were no statistically significant effects of year (2012 vs. 2013), &asunvs. fall),
or treatment (lime vs. control) on ergovaline concentrations.

Table 2. Analysis of variance showing no significant effect of season or lime treatment on ergovaline
concentration in toxic tall fescue.

Source Prob>F
Season 0.55
Lime 0.55

Season*Lime  0.90

Table 3. Means of ergovaline tall fescue in the fall (averaged over 2012 and 2013) and spring of
2013. Means with the same letter are not significantly different.

Season Mean
(ppH

Fall 516 A
Spring 286 A

Table 4. Mears of ergovaline in plots of tall fescue treated with lime andtnested (control).
Means with the same letter are not significantly different.

Treatment Mean
(ppb
Lime 385 A

Control 417 A



Table 5. Means of ergovaline in tall fescue harvested28nd 2013. Means with the same letter are
not significantly different.

Year Mean
(ppb)

2012 445 A

2013 358 A

Effect of Canopy Segment

Ergovaline was highest (p < 0.001) in the | o
to grazing nanagement in limed pastures. The liming encourages legume growth. However, the legumes
are often grazed out, as producers graze pastures too low. The data below, if they hold up, provide more
incentive to avoid grazing too low. If pasturesarenatggad bel ow a 20 stubbl e h
would not be grazed out and the producer could benefit from liming, and 2) the cattle would not consume
high concentrations of ergovaline.

Table 6. Ergovaline distribution in the vegetative tall fescue canogiiiee harvest seasons. Means
with the same letter are not significantly different.

Season Segment Mean
(inches from soisurface)
Fall 2012 0-2 1727 A
2-4 298 B
4-6 232 B
>6 219 B
Spring 2013 0-2 243 A
2-4 148 B
4-6 128 B
>6 161 B
Fall 2013 0-2 515 A
2-4 136 B
4-6 141 B
>6 121 B

Objectivesfor Year 3 (2014)

Objectives for the third year are seen below (Table 7), which include plot maintenance, harvesting
whole plants in April and October, segmentingtiiers, and chemical (ergovaline) analysis of all whole
tillers and all tiller segments. Lastly, the third year objectives involve writing a journal paper and
presenting findings at extension meetings in the state.



Table 7. Timetable for research angtension activities.

| Year Activity
2014 Sample plots (April, October)
Samples segmented and stored in freezer
Research presented at conference
Ergovaline analysis
Manuscript prepared for journal; findings presented via Extens
ProposedBudgetfor Year 3

Item Year 3

Research Technician (25%  $12,187
Benefits $3,900
Supplies $2,600
Travel $1,200
Ergovaline analysis $8,320
Publicatiors $800

| toa I

Justification The salary and benefits for thesearch technicianare basedm25% of a salary of

$48,750 and 32% benefits. The research technician will be involved not only in the field and laboratory
aspects of the experiment but also in extension presentatomgliesare for all laboratory and field

work, including fertilizr, sample bags, mower accessories, weigh boats, clippers, freeze drier oil, grinder
parts, and similar supplieS.ravel includes trips to the research sitergovaline analysisis based in a

per sample charge of $53; samples from years 1 and 2 willddgzad in year 2 (256 samples x $53 =
$13,568).



Benefits of Lime Placement on Grain Yield Response and Remediation of Acid Subsoils

Investigators:
Kelly Nelson, University of Missouri, Division of Plant Sciences, Novelty

Chris Dudenhoeffer, Universityf Missouri, Division of Plant Sciences, Novelty
Peter Scharf, University of Missouri, Division of Plant Sciences, Columbia
Peter Motavalli, Universitpf Missouri Soil, Environ., and Atmos. Sci. Department, Columbia

Objective and Relevance:

An extensie root system is essential for crop plants to tolerate-shatlongterm periods of drought
that often occur during the growing season in Missdaid subsoils reduce root growth and grain yield
Stratification of pH values is common in claypan swildissouri In soil survey publications, surface
soil samples of claypan soils may have optimum pH values; however, the subsoil from 8 to 20 in. may
decrease to pH values as low as 3.6, 4.5, and 4.5 for soils such as Putnam, Mexico, and Armstrong,
respedwely (Ferguson, 1995). In thrgmired watershed research, seventy five soil samples from the Ap,
AB, and Bt1 horizons had average pH values of 6167), 6.3 £0.6), and 4.9%1.2), respectively
(Udawatta, unpublishedPrainage research plots had sub&»>18 in.) pH values from 4.7 to 5.2
(Nelson, unpublished) while other research indicated average subsoil pH values from 29 claypan soils at
the 66 in., 612 in., 1224 in., and 2436 in. depths were 6.2, 6.0, 5.0, and 5.1 (Scharf, unpublisbed)

60% of the 29 fields had pH values less than 5 at th241ia. depthThe lowest pH value at any site was
4.4. Acidic subsoils (at or below the 12 in. depth) may be a greater barrier to root growth than physical
restrictions in many soils in Missouri.

Resarch on cotton (Adcock et al., 1999) and alfalfa (Rechcigl et al., 1991) has demonstrated the
benefit of deep lime placememethods that incorporated lime increased corn grain yields greater than
conventional liming techniques using surface applicat{easina and Channon, 198®) this research,
corn grain yields increased 20 bu/a in a dry year while in a wet year grain yield increased 6 bu/a (Farina
and Channon, 1988). Low soil pH, 5 to 5.5, is an agronomic and environmental concern. Macronutrient
and microbial activity is restricted and phytotoxic levels of exchangeable Al and Mn are common at low
soil pH valuesin addition, nitrification may be limited in an acidic environme\itrogen applications
from ammoniurdbased N fertilizers acidify soilshd require agculturelime applications to neutralize
the impact on soil pHN sources may require 1.8 to 5.4 Ib Ca@®neutralize acidity depending on the N
source Anhydrous ammonia applications are commonly used throughout the region and may ontribu
to a decrease in subsoil pH whilee surface soil pH is acceptabke deep lime application may also
reduce the impact of low soil pH on root growth and development.

Acid-subsoil amelioration has been studied with koergn impacts on soil pH level§dma et al.,

1999; Farina et al., 200Q%rain and forage yields increased 29 to 50% even 16 yr. after application
(Toma et al., 1999) with increased returns (Farina et al., 20D8ap placement of dry lime at 1500
Ibs/acre over two years increased sa grain yields over 4 bu/a and increased profitability $94/acre
compared to deep tillage only (Tupper et al. 198&ymers have utilized Adl and conventional tillage
systems to attain specific production goaidsorporation of lime may be necesstoyealize an
immediate (Toma et al. 1999) increase in grain yiBkkp placement of lime utilizing conservatitype




knives could accomplish an immediate increase in grain yield, providetilage, increase subsoil pH,
and maintain surface residugoncerns regarding the practicality and economics of deep incorporation
have been expressed; however, numerous producers continue to subsoil clayp@resmlss MU
research has evaluated pH management in the top 6 to 8 inches of soil; however, do hesear
evaluated deep lime applications or the impact on subsoil properties. This reésgiatela longterm
evaluation of the impact of addressing subsoil pH correction-tillramd reduced tillage cropping
systemsThe objective of this researchto evaluate yield response of corn and soybean to lime
placement and the impact on subsoil Pt will maintain the field that was established in 2012 and
2013. Corn plots will rotate into soybean while soybean will rotate into corn. A third location was
established for 2014 and treatments were applied in the fall of 2013 which is more typical of a deep tillage
treatment.

Materials and Methods

A field trial wasestablished at the University of Missouri Greenley Research Center on a Putnam silt
loam tha has been in continuous-tid production for overl3 years with an acid subsai May 2012
and the fall of 2012 (Table 1). A third research site was established in NovembeA2ad®rial
arrangement of treatments includgdacement{no-till surfaceand conservation subsoiler deep
placement)crop (corn and soybean), alhe rates (0, 1.5, and 3 tons/acre with 600 Ibs effective
neutralizing material/tonp evaluate the response of corn or soybeans within a giverPgdlated lime
( Kel | y 0rme, NewankeMO) veas derived from mined calcium carbonate and magnesium carbonate.
A 2% lignosulfonate was utilized as the binding agent for pelletizing. dhsawation subsoiler (Case
IH 2500 ecoletil) (Figure 1, left) had custom built shank (Figureight) to deliver and distribute lime to
4 different levels in the soil profile, while delivery and metering a@somplished using a commercial
Montag(Figure 1, left) dry fertilizer air delivery system. The selected rates of lime were based on an
averagesubsoil recommendatigiigh rate) top 6 inches of soil recommendati@ow rate) and a non
treated controlA site with a low surface pH asutilized in the experimer{fTable 1)

Figure 1. Deep placement applicator with Montag dry fertilizer elivery system (left) and custom built
applicator shank (right).



Precipitation is reported in Table 2 while field management and crop protection chemical applications
for corn and soybean are reported in Tables 3 and 4, respeciiayesearch evalted soil pH at four
depths (65, 610, 1115, and 1620 inches) similar to other research (Farina et al. 2000a, 2000b; Tupper
et al., 1987), grain yield, and crop growth characteris8edl samples were collected in the fall of 2012
and 2013Soil samplefor 2013 are currently beirgrocessed through the University of Missouri Soll
Testing LaboratorySoil sampling depth corresponded to the different distribution drop tubes on the
applicator shank.

view after

Figure 2. Soil during application (left), after dipption (center), and an overhead over
application (right).

The center two rows of corn were harvested for yield and converted to 15%, while the center 5 ft of the
soybean plot was harvested and adjusted to 13% moisture prior to aralggsisamplesverecollected
andwereanalyzed for protein and oil (soybean), and starch, protein, oil (corn) nesasgnfrared
spectroscopy (Foss Infratec 1241 Grain Analyzer, Eden Prairie (84§ not presented)l data were
subjectedto ANOVAandmean separated using H=H0dher 6s protect

Results:
The custom built shank effectively distributed lime throughout the soil profile (Figure 2). The modified
shank caused more soil disturbance than normal and tillage following applicatiorilizad ta@ smooth
the soil surface (Tables 3 and 4) prior to planting. No tillage was used in the surface application only
treatments. The site for 2013 was established and treatments were applied on Nov. 27, 2012. An extensivi
drought occurred in 2012. Ripitation during the 2012 growing was 7.3 inches below normal (Table 3).
Corn plants were 2 to 5 inches taller (July 5) in the deep placed treatments compargi] tehich
persisted until tasseling (August 2) in 2012 (Table 5). Plants were slighdyfor the surface applied
lime at 2 ton/acre in 2013, but were shorter in the deep placed lime treatments established in 2013. The
site established in 2012 had plant populations that were generally greater irtitheuntace applied
treatments ampared to the deep ripped/placement treatments in 2012, and no differences were observed



in 2013. Deep placement had greater plant populations than surface applied lime at the site established ir
2013. There was no treatment effect on soybean heightl&by@02013, and there was no treatment effect
on plant population in 2012 (Table 6). However, soybean plant population was 30,000 to 31,000
plants/acre greater with surface applied lime at 1.5 ton/acre compared to deep placement at both locations
in 2013.
Soil test pHin the top 5 inches of soil for the surface applied lime increased in corn and soybean as
lime rate increased; however, there was no effect of deep placemeng iortipddtop 5 inches of saill
(Table 7). At 6 to 10 inches deep, soilgnitreased 0.5 points for deep placed lime at 1.5 tons/acre in
soybean. No differences were observed 11 to 20 inches deep in the soil profile 6 months after application.
In an extremely dry year (2012), deep placement treatments increased corn yieldsifatwe
(Figure 3a). However, no differences in yield among lime treatments were detected. In 2013, grain yield
was 14 bu/acre greater for the-tilh non-treated control compared to deep tillage r@ated control,
and 9 bu/acre greater for the sudapplied lime at 1.5 ton/acre compared to deep placement at 1.5
ton/acre (Figure 3a). Grain yields were not affected by deep placement compared to surface applied lime
at the site established in 2013 (Figure 3b).
Deep placement treatments in 2012 redus@ybean yield in the naneated control and lime at 1.5
ton/acre (Figure 4a), while there was no effect of placement on soybean yield at the 3 ton/acre rate. Grain
yields were 2 to 3 bu/ac greater for thetiip non-treated control and surface appliene compared to
the equivalent deep placement treatments in 2013 (Figure 4a). Limited differences were observed among
treatments at the site established in 2013 (Figure 4b).
In dry years (2012 and 2013), slight differences in corn grain yields weesvald when comparing
no-till surface lime applications compared to deep placement. Deep tillage did not increase soybean
yields at the site established in 2012 over the first two dry years of this research.
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Table 1.Initial soil characteristics at different depths for the sites established in 2012 and 2013.

Soil characteristics 0-5inches 6-10inches 11-15inches 16-20 inches

Established in 2012
pH 5.6+0.2 5.6+0.4 4.6+0.2 46+0.2
Neutralizable acidity (meg/100g) 3.5+2 29+1 85+1.6 6.8+1.0
Organic matter (%) 2.7+0.3 2.3+0.1 2.3+0.3 2.2+0.2
Bray 1P (Ib/acre) 155+8.7 45+1.3 3.5+1.9 13.0+ 4.0
Ca (Ib/acre) 3950+ 310 4640+590 4690+ 630 4450+ 600
Mg (Ib/acre) 441+ 87 615+ 169 875+123 889+ 136
K (Ib/acre) 159+ 11 155+ 25 202+ 30 206+ 14
CEC (meqg/100 @) 15.4+2.3 17.3+3.2 24.2+3.2 22.0+2.3

Establshed in 2013
pH 5.0+0.1 5.0+0.5 4.9+0.7 49+0.8
Neutralizable acidity (meq/100g) 5.1+0.5 49+1.9 6.9+4.0 6.8+3.8
Organic matter (%) 3.0+ 0.6 1.9+04 1.8+0.3 1.4+04
Bray 1P (Ib/acre) 113.5+41.2 17.0+9.6 10.3+3.6 27.5+17.3
Ca (Ib/acre) 2535+273 2911+616 3692+ 1634 3697+ 1497
Mg (Ib/acre) 274+ 81 370+ 171 659+ 403 757+ 375
K (Ib/acre) 530+ 214  142+42 160+ 69 208+ 76
CEC (meq/100 g) 13.3+1.4 13.9+3.3 19.1+6.4 19.4+4.8

Table 2. Monthly precipitation average (3ykar) and during the 2012 and 2013 growing seasons at Novelty.

Month 10-year averade 2012 2013

———————————————— Inches----------------

Apr. 3.9

May 4.4 - 10.3

June 4.9 2.2 3.6

July 3.7 0.7 1.9

Aug. 4.8 3.0 0

Sep. 3.4 3.6 3.1

Total 25.1 9.5 18.9

"Averaged from 2000 to 2009.
’Planted May 30, 2012



Table 3.Field and management information for the corn sites established at Novelty in 2012 and 2013.

Established in 2012 Established in 203
Management information 2012 2013 2013
Plot size (ft) 15 by 80 15 by 80 15 by75
Hybrid or cultivar DKC 6325 VT3 DKC 6325 VT3 DKC 63-87
Planting date 30 May 14 May 14 May
Row spacing (inches) 30 30 30
Seeding ratéseeds/acre) 30,000 30,000 30,000
Harvest date 12 Oct. 19 Sep. 19 Sep.
Maintenance fertilizer None None None
Nitrogen 60 Ibs N/acre (Urea) and 130 | 200 Ibs N/acre (AA) 120 Ibs N/acre (PCU)
N/acre (PCU)
Lime 29 May None 27 Nov
Tillage Tilloll 2x 30 May None Tilloll 2x 1 May

Cultipacked 30 May
in deep tilled treatments
Weed management

Burndown 5 June, Verdict (5 oz/acre) + 22 May, Lexarn2.5 gt/acre) + 22 May, Lexar (2.5 gt/acre) +
Roundup PowerMAX (32 Roundup PowerMAX (32 oz/acr Roundup PowerMAX (32 oz/acre)
oz/acre) + NIS (0.25% v/v) + + COC (1 gt/acre) COC (1 qgt/acre)
UAN (1 gt/acre)
Postemergence 22 June, Roundup PowerMA: 27 June, Roundup PowerMAX (. 27 June, Roundup PowerMAX (3

(32 oz/acre) + DAS (17 Ibs/10 oz/acre) + DAS (17 Ibs/100 gal) oz/acre) + DAS (17 lbs/100 gal) -
gal) + COC (1 gt/acre) + Callis COC (1 gt/acre) + Callisto (3 COC (1 gt/acre) + Callisto (3
(3 oz/acre) + Atrazine (1 gt/acr oz/acre) + NIS (0.25% v/v) ozlacre) + NIS (0.25% v/v)
Insect management NA NA NA
Disease management NA NA NA




Table 4.Field and management information for the soybean sites established at Novelty in 2012 and 2013.

Established in 2012 Established in 2013
Management irdrmation 2012 2013 2013
Plot size (ft) 15 by 80 15 by 80 15 by 75
Hybrid or cultivar AG3730 RR2 AG3730 RR2 AG3731 RR2
Planting date 30 May 8 May 16 May
Row spacing (inches) 7.5 7.5 7.5
Seeding rate (seeds/acre 200,000 200,000 200,000
Harvest date 4 Oct. 9 Sep. 9 Sep.
Maintenance fertilizer None None None
Urea and PCU
Lime 29 May None 27 Nov
Tillage Tilloll 2x 30 May None Tilloll 2x 1 May

Cultipacked 30 May
in deep tilled treatments
Weed management

Burndown 5 June, Verdict (5 oz/acre) + 22 May, Prefer (2.25 gt/acre) + 22 May, Prefe(2.25 gt/acre) +
Roundup PowerMAX (32 Roundup PowerMAX (32 oz/acr Roundup PowerMAX (32 oz/acre)
oz/acre) + NIS (0.25% v/v) + + COC (1 gt/acre) + UAN (1 COC (1 gt/acre) + UAN (1 gt/acre

UAN (1 gt/acre) gt/acre)
Postemergence 22 June, Reflex (1.25 pt/acre) NA NA
Roundup PowerMAX (22
oz/acre) + DAS (17 Ibs/100 ge
+ NIS (0.25% v/v)
Insect management NA NA NA
Disease management NA NA NA

AAbbreviations: COC, crop oil concentrate; DAS, diammonium sulfate; NA, None applied; NHymosurfactant; UAN, 32% urea ammonium

nitrate.



Table 5.Corn plant population and heights as affected byilhsurface or dep placed lime (nostreated = 0 ton/acre, low = 1.5 ton/acre, and
high 3.0 ton/acre) for sites established in 2012 and 2013.

2012 2013
Height Height
Lime placement July 5 August 2 Population October 4 Population
---- Inches---- No./acre Inches No./acre
Established in 2012
Surface nottreated 36 65 30,100 80 26,700
Surface 1.5 ton/acre 37 64 30,000 81 27,100
Surface 3 ton/acre 34 63 29,200 82 27,400
Deep placement netneated 39 67 26,000 80 26,900
Deep placement 1.5 ton/acre 38 68 28,000 80 27,700
Deep placement 3 ton/acre 39 67 27,900 79 28,400
LSD (P=0.1) 2 2 2,200 2 NS
Established in 2013
Surface noftreated 103 27,000
Surface 1.5 ton/acre 100 24,000
Surface 3 ton/acre 101 26,000
Deep placement netneated 102 28,800
Deep placement 1.5 ton/acre 99 28,200
Deep placement 3 ton/acre 97 28,800

LSD (P=0.1) 4 1,700




Table 6. Soyban plant population and heights as affected biilhsurface or deep placed lime (ndreated = O ton/acre, low = 1.5 ton/acre, and
high 3.0 ton/acre) for sites established in 2012 and 2013.

2012 2013

Lime placement Height Population Height  Populaton
Inches No./acre Inches No./acre

Established in 2012
Surface nottreated 22 187,000 28 153,000
Surface 1.5 ton/acre 22 205,000 28 157,000
Surface 3 ton/acre 22 161,000 26 166,000
Deep placement neimeated 22 196,®0 27 145,000
Deep placement 1.5 ton/acre 21 183,000 26 127,000
Deep placement 3 ton/acre 22 203,000 26 148,000
LSD (P=0.1) NS NS NS 21,000

Established in 2013
Surface nortreated 31 170,000
Surface 1.5 ton/ae 31 170,000
Surface 3 ton/acre 31 148,000
Deep placement netneated 28 152,000
Deep placement 1.5 ton/acre 31 139,000
Deep placement 3 ton/acre 31 148,000
LSD P=0.1) NS 25,000

Table 7. Soil testpHs values at 0 to 5, 6 to 10, 11 to15, and 16 to 20 inch depths after corn and soybean harvest for the experimental site
established in 2012. Interactions between factors were presented when appropriate.

pHs
0-5in. 6-10 in.
Lime placement Corn  Soybean Corn  Soybean 11-15in. 16-20in.
Established in 2012
Surface nortreated 5.4 5.8 4.9 4.7 4.8 4.5
Surface 1.5 ton/acre 5.9 6.6 4.7 4.7 4.7 4.5
Surface 3 ton/acre 6.2 6.4 4.8 4.7 4.7 4.5
Deep placement netmeated 5.7 5.7 4.8 4.7 4.7 4.5
Deep placement 1.5 ton/acre 5.7 5.8 5.0 5.2 5.1 4.5
Deep placement 3 ton/acre 54 5.8 4.8 4.7 4.6 4.4

LSD®P=01) 0.3--- e 0.4--- NS NS
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Timetable:
2013 Prepare equipment, sampled soil and applied lime treatments for the final
experimenminitiated in 2014.

2014
April-September Manage plots and demonstrate at local field day
September Harvest and resample soil
Oct-Dec Analyze results
Budget:

CATEGORIES Year 3 (20149 Total
A. Salaries
Research Specialist or M.S. Gradu:s $14,670 $42,875
Research Asstant (50%)
B. Fringe Benefits
Fringe for graduate student $2,548 $7,424
TOTAL SALARIES AND $17,218 $50,299
FRINGE BENEFITS
C. Travel
Travel to field site $0 $0
To present research findings at $1,200 $2,400
National Meetings
TOTAL TRAVEL COSTS $1,200 $2,400
D. Equipment $0 $0
TOTAL EQUIPMENT use and
maintenance COSTS $0 $0
E. Other Direct Costs
Soil analysis $5,500 $13,750
Grain analysis $2,500 $6,500
Publication cost $750 $1,500
Misc. $3,500 $10,500
TOTAL OTHER DIRECT COSTS $12,250 $32,250
TOTAL REQUEST $30,668 $84,949

Budget narrative:

Salaries and fringe benefitdzunds are requested for partial support of technical support or a M.S.
student.

Presentations, publications, and documentatidiis will help defay cost of publication and

documentation of results and conclusions as well as assist travel and board for presentation of results
Other Direct Costs:Covers cost of analysis, sample containers, fertilizer, seed, plot preparation, planting,
weed controharvesting, flags, soil processing, and other field supplies and operations.



Silicon and Lime as Amendments to Reduce Arsenic in Rice Grain
Gene Stevens, David Dunn, and Matthew Rhine

Introduction
Arsenic (As) and silicon (Si) react almost identicatiythe soil. In drained fields, arsenate, As [V], and silica
ions are adsorbed on oxidized iron particles. When fields are flooded for rice, ferric iron +3 is reduced to the
ferrous form +2 releasing As and Si into solution where tagybe taken up by ecoots (Smith et al, 1998
For this reason, tissue Si and As content are usually higher in rice than crops such as corn and wheat.

Silicon promotes rice yield while arsenic is detrimental. In rice, Si promotes disease resistance and
helps plants withsind stressesuch as salinity and dry soil (Matoh et al., 1985; Nolla et al., 2012
Conversely, arsenic in rice tissue reduces yield by producing panicles without grain called straight heads.
Breeders are working to identify varieties with lower As coniegrain, but fungal diseases may increase due
to lower tissue Si. Molecules of arsenite, 4.11 angstroms, and silica, 4.38, are similar in diameter and shape.
Since arsenite is slightly smaller, blocking As from passing through root membranesytethalso inhibits
Si uptake (Ma et al., 2008

Two proven methods to significantly reduce As in rice grain are silica fertilization and growing rice
without flooding Geyfferth and Fendorf, 2012; Li et al., 2009; Spanu et al., 20d2on et al., 200P Recent
research showed that As in rice grain was reduced by applying soluble silica fertilizer. Si competes with As
ions for rod entry points (Seyfferth and Fendorf, 2012ming can help depending on what species of As is
present. Raising soil pH decreasarsenate adsorption by iron but increasssnite, As[lll], adsorption
(Mahimairaja et al., 20Q5Lime and calcium silicate from steel mill slag reduced As in radishe@sgro
contaminated soil (Gutierrez et al., 2010

At the Delta Center Solil Laltlpw yielding rice grown in 2012 with center pivot was Si deficient. In
2013, we began a study to evaluate available silicon fertilizer sources. The objective of this project is to
evaluate the effect of irrigation treatments (aerobic and continuowhrfioand soil amendments of calcium
silicate (CaSi) fertilizers on yield and arsenic content of rice grain in Southeast Missouri.

Materials and Methods

These experiments were conducted at three locations: a Tiptonville siltFa@sity, mixed,
superactive, thermic Oxyaquic Argiudo)lgn Portageville, MO, a Dubbs silt loarRiQe-silty, mixed, active,
thermic Typic Hapludalfsat Qulin, MO, and a Sharkey claydry-fine, smectitic, thermic Chromic
Epiaquerty at Hayward, MO. RiceTec hybrid CLXL74%&as planted at 28 kg fat all three locations, with
two additional cultivars (Jupiter and CL151) planted at 100 Kgrnlayward, MO to determine if any
cultivar differences could be found for As uptake.

At planting, fertilizer treatments includingree rates of calcitic lime, three rates of dolomitic lime, and
five rates of calcium silicate were applied to bare soil. Nitrogen was applied at first tiller at a rate of 170 kg ha
! Irrigation treatments varied by location. The Portageville locationspaskler irrigated, while the Qulin
location was flood irrigated at first tiller. The Hayward location had separate flood and flushed (aerobic)
treatments. Three additional treatments of potassium silicate were applied at rice boot stage.

Preharvest whte plant samples were taken and separated for analysis of arsenic (grain) and silicon
(leaves and stem) concentrations. Silicon was analyzed using the University of Florida Si meth@diodttgy
and Snyder, 1991yhile As was measured using KBS analis. Plots were harvested at the end of the
season for crop yield.

Results

Silicon samples of aerobic rice at Portageville, MO showed an increase in tissue Si as CaSi rate
increased (R2 = 0.8666; Figure 1). Silicon concentrations in flooded rice wenehigher than aerobic
treatments, ranging from 62750 to 73375 mg St Kdpwever, silicon content of flooded rice tissmasnot
significantly differentamong treatments compared to the untreated chdokversity of Florida recommends



Si fertilization br tissue samples with less than 34,000 mg Si(kg), which explains why significant
differences could be found on aerobic rice, which was deficient of Si, but not flooded rice.

In Qulin, MO, arsenic concentrations of flooded brown rice were significeaduced following
applications of 1000 and 2000 kg Si*f@ompared to untreated checks (P = 0.05; Table 1). Grain As was not
reduced from applications of 500 or 1500 k¢ ba this soil.

Grain As was significantly lower in aerobic rice grown at &gewille, MO compared to flooded rice.
However, no significant differences in grain As could be found due to silicon fertilization.

In Hayward, MO, As concentrations of flooded rice were significantly lower than flooded rice at
Qulin, MO. Analysis oftiree cultivars showed no significant difference in grain As, although cultivar CL151
showed numerically reduced As concentrations (Table 2). No significant difference was found due to silicon
fertilization in either irrigation system (Table 3).

No significant differences in grain yield could be found among treataqgpiicationrates for any
location (Table 4). Grain yield of aerobic rice at Portageville, MO was found to be numerically higher with all
fertilizer amendments compared to the untreated chéekl increases ranged from 107 to 1965 kg.ha
Grain yield of rice in Qulin, MO showed no significant increase from fertilizer amendments. Given that tissue
samples on untreated flood rice were found to have sufficient Si, increases in yield wepentad)Also,
these fertilizer amendments take time to break down in the soil, meaning that plots may not have fully utilized
the applications. These plots will be maintained for two more years to see if any subsequent differences can be
found.

Whenavemged across fertilizer ratesgnificant differences in grain yield were found at both
Qulin and the flooded Hayward locatidne to the type of fertilizer appli€dable 5). In both cases, the
highest yielding treatment came from the addition of dolanfiithie. On the aerobic site at Portageville,

MO, the addition of CaSi improved yields by 1109 ki halthough this increase was not statistically
significant.

Conclusions

Although these fertilizer amendments did not significantly increase grain theid potential effect on

As concentrations may prove to have merit on flooded fields. When grain As concentrations were high, as
seen at the Qulin location, reductions in As content could be found with applications of CaSi.

Applications of CaSi also prodeo increase stalk Si content on aerobic fields. However, flooded fields
were found to have sufficient levels of Si, so increases in uptake were found. On flooded fields, grain
yield was highest with applications of dolomitic lime. This may prove toliettar choice than calcitic

lime when additions need to be made during a rice production year.
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Figure 1. Effect of silicon fertilization rate on rice tissue silicon concentrations from aerobic rice grown
under sprinkler irrigation at Portageville, MO.

Table 1.Effect of Irrigation and silicon féilization on arsenic concentrations of brown rice (CLXL745)
grown at Qulin and Portageville, MO in 2013.
Qulin, MO Portageville,

MO
Si Fertilizer Flood Aerobic
kghal — -----—---- Grain As content, ppb---

0 205 a 15.8 a

500 202 ab 15.3 a
1000 175 bc 14.0 a
1500 208 a 14.0 a
2000 169 ¢ 15.8 a
2500 190 abc 16.5 a

Table 2.Effect of irrigation and cultivar on arsenic concentrations of brown rice grown at Hayward, MO
in 2013.

Hayward, MO
Flood Aerobic
Cultivar ~ ----- Grain As content, ppb
CLXL745 60.4 a 26.8 a
Jupiter 58.5a 26.8 a
CL151 46.8 a 18.1 a

Table 3.Effect of irrigation and silicon fertilization on arsenic concentrations of brown rice grown at
Hayward, MO in 2013.

Hayward, MO



Si Flood Aerobic
Fertilizer
kghat  ----- Grain As content, ppb
0 53.8 a 215a
1000 55.6 a 27.3a
2000 56.3 a 22.8 a
Table 4 Effect of silicon fertilization on rice grain yield across locations in Southeast Missouri in 2013.
Portageville, Qulin, Hayward, Hayward,
MO MO MO MO
Rate Aerobic Flood Flood Flush (Aero)
Amendment kg ha® @ cceemmees (o] 1% I ————
None 0 6379 16312 10548 10127
Cal Lime 840 6761 14765 10129 9942
Cal Lime 1680 7051 15450 10415 9173
Cal Lime 2520 7691 16456 10337 9385
Dol Lime 840 6895 16158 11632 10322
Dol Lime 1680 7139 17213 10852 9650
Dol Lime 2520 7091 16406 10713 10603
CaSi 500 8344 15901 10104 9910
CaSi 1000 7037 16483 10218 9639
Casi 1500 7424 16080 10264 8957
CaSi 2000 7288 16476 9912 10581
CaSi 2500 7347 17014 10247 10646
KSi 0.20 6486 16318 11221 10441
KSi 0.24 7518 16091 10637 9282
KSi 0.28 6633 16016 10563 9520




Table 5. Effect of amendment type on grain yield across locations in Southeast Missouri in 2013.

Portageville, Quilin, Hayward, Hayward,
MO MO MO MO
Aerobic Flood Flood Flush (Aero)
F AL [T e ———— Y 1 ———

None 6379 16312 ab 10548 abc 10127
Cal Lime 7168 15557 b 10293 bc 9500
Dol Lime 7041 16592 a 11066 a 10192

Casi 7488 16391 a 10149 c 9947

KSi 6879 16142 ab 10807 ab 9747




2014
Liming to Reduce Ergovaline Concentration in Toxic Tall Fescue Pastures
Investigators Craig Roberts, Robert Kallenbach, and John Lory, University of Missouri

Objective and Relevance

Missouri are covered with toxic comntedhfescue, a perennial grass that supports'iaeg2st
beef herd in the US. The toxins, such as the ergot alkaloid ergovaline, causes fescue toxicosis, a
disorder that costs the Missouri beef industry $240 million annual ($160 million 10 pgars ago)
reducing reduce calf gains, milk production, and pregnancy rate.

Recommendations for tall fescue management
livestock rotation among fields, dilution of tall fescue in the pasture by interseedingdedinges, f
of supplements, and ammoniation of hay. These practices limit the amount of toxin produced by tl
plant and ultimately consumed by the animal. Practices such as liming and soll fertilization encoul
legume growth and therefore dilutes the fmasture.

It is important to know if liming affects toxin production. Research has shown that ergot
alkaloids toxins are unstable in alkaline environments and can be reduced when hay is treated wit
ammonia. Also, they break down when an alkaline rsagsad on the extract in the laboratory.

To date, no research has been published that explores the effect of lime on ergot alkaloids
concentrations.

The main objectiveis to determine the effect of soil pH on ergovaline concentration in toxic
tall fesca. Because it is unknown where ergovaline occurs in the canbjohjactiveis to

analyze the tillers in 26 segments.
Procedures

This research has been conducted on the Tom Roberts farm near Alton, MO. This farm was
selected because itis priméilgk e n t3U dk yt al | fescue established

representative of most other farms in Missouri and surrounding states. On 14 October 2011, tillers
from this field were tested for tall fescue endophyte using dimgdemmunosorbemissay (Hill,

2005); the results verified that the field was 95% infected with the endophyte. The field had been
soitsampled on 29 July 2011 and determined to have an average soil pH of 5.5.

Accomplishments (202-19

In December 2011, 16 plots measutihg 20 feet were marked with a-taat buffer
separating the replicates (Fig. 1 and 2). Treatments were randomly assigtredtad oontrol or
treated with limestone, and it was replicated 8 times. Also in December 2011 each plot was testec
and Imestone surface applied (Table 1.) The limestone used was from Doss and Harper, West
Plains, MO with an effective neutralizing material (ENM) rating of 368; each plot received enough
limestone to meet the ENM requirements from individual plot soil tests.



Control Lime Control Control Lime Control Lime Lime
pH: 5.3 pH: 5.5 pH: 5.5 pH: 5.2 pH: 5.3 pH: 5.1 pH: 5.2 pH: 5.1
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Figure 1 Plot layout of liming study located near Alton, MO with lime and pH data shown. The
plots are 10 x 20 feet witHddt buffer strips (not shown).
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Figure 2 Plots for liming study established on

On 18 May 2012, plots were fertilized with nitrogen at the rate of 40 |b acre and with P and K tc
soil test. Annual grass weeds were controlled by spraying pendimethalin (Prowl H20) at a rate of
pints acrel in early spring. Broadleaf weeds were dedtwith picloram and 2[3t (Grazon
P+D) at a rate of 2 pints aeke During spray application a aonic surfactant was used.

For all three years of 2012, pant tillers were harvestediorhe springandfall. The spring
samplingdatewasacls en t o har vesup @I bauntt sb eaff dreea  soeggea deheenc
(Seedheads are highly concentrated with ergovaline and can temporarily skew the results.) The fz
sampling date was chosen to harvest plants that greened up after summer diotmeéoreythe
killing frost. Individual plant tillers were randomly selected, cut at soil level, and stored in a freezel



immediately. Frozen samples were fréieze, ground to 1 mm, and analyzed for ergovaline by
HPLC. The whole tillers have beenyaaal; the tillers were cut int;m2h segments, and those
samples are currently in the laboratory.

Results Summary(202-149

Some of the samples are still being ground and prepared for ergovaline analysis. Bygdhe three
summary as of today is beldwmestone treatment was not significantly different from the control
(p = 0.51). However, fall samples contained higher concen{atton901pf ergovaline

comparedd spring samples (Fig. 3). Agaih, 2014 samples have not been returned frehath

and are ot included in this analysis. Alsudl, sH was altered by the addition of limestone4fig
However, the first 3 inches received the most benefit from the limestone.
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Figure 3. Ergovaline concentrati of wholeplant samples subjected to treatment with
limestone.
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Figure 4. Changes in soil pH, soil core samples were divided into increments from the soil
surface.

Ergovaline concentrations of the segmented samplesghest bt the base of the plant and
decreased in the upper segments sampled. At all sampling dates, the battorof @he plant
had statistically (p<0.001) higher concentration of ergovaline than the upper portions of the plant
(Fig. 5). The fall sgotes had higher ergovaline concentrations when compared to the spring
samples, especially the bottodrb0cm.
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Figure 5 Ergovaline in segments of the tall fescue canopy in the spring and fall

Conclusions

If the data fo 2014 are similar to the data from the first two years, our conclusions will be
that lime did not affect ergovaline concentration in toxic tall fescue during the first three years after
application. This is a critical finding for both the producemeund fertilizer industry, and
University Extension. Had liming increased toxin concentration, as occurs with other soil nutrients
University Extension would have recommended that cattlemen exercise caution with lime
application.

Currently, Universitigxtension recommends liming pastures for a number of reasons, mainly
to increase phosphorus availability and legume persistence, both of which result from a low pH
environment . The data above show t haducers her ¢
need not be concerned with fescue toxicosis because of liming.

Additionally, future studies may show that liming actually reduces toxicity. The data above
show a numerical difference in ergovaline concentration from plots treated with lirse.thli&ecau
difference is not statistically different, we are not able to make any comment regarding this. But di
such as this do reveal that a study conducted with less field variation may produce differences tha
are statistically significant, not mereityerically different. It should be remembered that statistical
differences are not found when variation in responses are unrelated to the treatment; This particu
site varied greatly in soil pH and in ergovaline concentration, even among comradmiotseat

As final data are collected, they will be analyzed statistically and puklisipe8dience



Silicon and Lime as Amendments to Reduce Arsenic in Rice Grain
Gene Stevens, David Dunn, and Matthew Rhine

Introduction

Soil microbial and chemicptocesses change when fields are fleddor rice production Iron is
reduced (F&to F€) by anaerobic bacteria and soil pH slowly shifts from acid or alkaline to neutral (Fageria
et al., 2011).Arsenic (As) and silicon (8vailability to rice rootsre affected by these processda drained
fields, arsenate, As [V], and silica ions are adsorbed on oxidized iron particles. When fields are flooded for
rice,the reduction of irorreleagesAs and Si into solution where they can be taken up by ricesr(®inith et
al, 1998). For this reason, tissue Si and As content are usually higher in rice than crops such as corn and
wheat.

Silicon promotes rice yield while As is detrimenkgalthy rice plants contaid.5 to 5%silicon
(Korndorfer, et al., 2001)Silica is used by rice in a disease defense mechanism against blast and sheath
blight and strengthens cell walls to minimize lodging. Silican &undant element on earth but is mosily
the insolubleform which isavailable to plants. Root absorb siln as monosilicic acid, Si(QHilicon also
helps plants withstand stresses such as salinity and dry soil (Matoh et al., 1985; Nolla et al., 2012).
Conversely, As in rice tissue reduces yield by producing panicles without grain called straight lesaltssBr
are working to identify varietiewith lower As content in grain.uBthese varieties may have higher
susceptibility tofungal diseasedue to lower tissue Si. Molecules of arsenite, 4.11 angstroms, and silica, 4.38,
are similar in diameter and shapSince arsenite is slightly smaller, blocking As from passing through root
membranes to the xylem also inhibits Si uptake (Ma et al., 2008).

Two proven methods to significantly reduce As in rice grain are silica fertilization and growing rice
without flooding Seyfferth and Fendorf, 2012; Li et al., 2009; Spanu et al., 20dr2on et al., 2000 Recent
research showed that As in rice grain was reduced by applying soluble silica fertilizer. Si competes with As
ions for rod entry points (Seyfferth andeRdorf, 2012 Liming can help depending on what species of As is
present. Raising soil pH decreases arsenate adsorption by iron but inarsasis, As[lll], adsorption
(Mahimairaja et al., 20Q5Lime and calcium silicate from steel mill slag reduéadn radishes gnen in
contaminated soil (Gutierrez et al., 2010

At the Delta Center Soil Lab, low yielding rice grown in 2Qt@lercenter pivoirrigation (not
flooded)was Si deficienbased on tissue testif§orndorfer, et al., 2001)In 2013, webegan a study to
evaluate availabl8ifertilizer sources. The objective of this project is to evaluate the effect of irrigation
treatments (aerobic and continuous flooding) and soil amendments of calcium silicate (CaSi) fertilizers on
yield andAs content of rice grain in Southeast Missouri.

Materials and Methods

Experiments were conducted at three locations: a Tiptonville silt |6are-§ilty, mixed, superactive,
thermic Oxyaquic Argiudollsin Portageville, MO, a Dubbs silt loarife-silty, mixed,active, thermic Typic
Hapludalfg at Qulin, MO, and a Sharkey claydry-fine, smectitic, thermic Chromic Epiaqugred Hayward,
MO. RiceTec hybrid CLXL745 was planted &t B/acreat all three locations, with two additionadrieties
(Jupiter and CL15) planted90 Ib/acreat Hayward, MO to determine if anyarietydifferences could be found
for As uptake.

At planting, fertilizer treatments including three rates of caliticite, Jonesboro, ILU)me, three rates
of dolomitic (red, Piedmont, MOlime, and five rates gbelletizedcalcium silicate byproduct from steel mill,
(Harsco Metals and Minerals, Sarver, Rdre applied to bare s@hd incorporatedrhe calcium silicate
material contains 12% Si and is very alkaline (pH 12 mixed with wateeTrdates of foliar potassium
silicate were applied as treatments at internode elongé&tiongen was applied at first tiller at a rate 601



Ib N/acre Irrigation treatments varied by location. The Portageville location was sprinkler irrigated, &hile th
Qulin location was flood irrigated at first tiller. The Hayward location had separate flood and flushed (aerobic)
treatments. Three additional treatments of potassium silicate were applied at rice boBictagere

harvested at the end of the seafwrcrop yield.Grainsamples were taken ahdlled into brown ricdor

analysis ototal Asconcentrationsising ICRMS analysis.

Results

Calcium silicate increased yields in nflooded rice. In center pivot irrigated pla@sPortageville,
grain yields were increasesignificantly (39 bushels per acrie 2013 and 35 bushels per acre in 204d) an
application of 450 Ib calcium silicate per acre compared to untreated checks (T&Wedd.not know if is
from the liming effect of the calcium silitaor the Si fertilization. Soil samples will be collected and tested
for pH from plots this spring (2015). Applicatioascalcium silicate abee 450 Ib/acre did not show a
consistent yield responggenter pivot gain yields weresignificantlyincreasedvith 750 Ibcalcitic lime and
numerically increased by 750 Ib of dolomitic lime. Higher rates of agricultural lime and calcium silicate may
have increased soil pH too much. Under aerobic conditions (water flushed) at Hayward, significant
differences in gain yield were found from 450 Ib calcium silicate in 2014 but not in 2013. Yields were highest
with CLXL745 hybrid and lowest with Jupiter variety.

Under flooded conditions at Qulin and Hayward, soil amendnakditsotincrease grain yield
compared tantreated plotsNumerically, grain yields were highest with 1500 Ib/ac of dolomitic lime at
Hayward, Missouri followed by applications of calcium silic&enerally, flooded systems provide eno&gh
through the reduction of iron under anaerobic conditisadittle yield increase was expected at flooded
locations. HowevelSi competes with As for rice uptake, so totalwas measured to seeSf amendments
reduce As levels in the grain.

At Qulinin 2013 flooded ricegalcium silicateapplied @0 and18M Ib/ac significantly reduced As
concentrationsn brown rice grainfromRi ce Tec CL XL 745 Holvaver)without highdd = 0. 0
yields or a price premium for low As rice, this is not economical for farmers. We do not understand why 1350
Ib/acre apptation did not also affect arsenic grain conté&otal As concentrations brown rice grairwere
consistentlyjower in aerobicrice (pivot or flushedfompared to flood irrigation at Haywaagross all
amendmentg§Table 2). At Portagevilleunder centepivot, brown rice grairfrom plots containetess than 20
ppb As with no significantAs reductionfrom soil amendments

Conclusions

In fields where rice cannot be flooded, applications of calcium silicate or agricultural lime may
increase rice yield. Thieighest aerobic rice yields occurred with calcium silicate at 450 Ib per acre and
dolomitic lime at 750 1500 |b per acre. Applications of Si to flooded rice did not increase rice yield.
Growing rice aerobically reduced As concentrations in brown rida,dvat yields tend to be lower than
flooded rice. When grain As concentrations wetiese to 200 pplas seen at the Qulin location,
reductions in As contenterefound with900 and 1,800 Iapplications otalcium silicate While
unnecessary to increaieod yields, Si applications may provide a tool for producers looking to reduced
grain As content.
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Table 1.Effect of broadcast soil amendments on rice grain yield and brown rice arsenic concentrations in
brown riceat Portageville and Qulin, Missouri with CLXL745 hybrid.

Brown
Portageville, centeripot  Brown iice Qulin, flooded rice
Applie 2013 grain,2013 2013 2013
Soil anendnent d 2014 2014
-------- bu/acre------  arsenic, ppb --------bu/acre------ arsenic,
Ib/acre ppb
None 0 127 137 16 285 131 205
Calcite lime 750 134 165 258 118
Calite ime 1500 140 147 270 123
Calcite lime 2250 153 140 287 104
Dolomite lime 750 137 146 282 118
Dolomite Lime 1500 142 142 301 135
Dolomite Lime 2250 141 13 286 123
Calcium silicate 450 166 172 15 278 135 203
Calcium silicate 900 140 121 14 288 126 176
Calcium silicate 1350 147 129 14 281 146 209
Calcium silicate 1800 145 126 16 288 132 170
Calcium silicate 2250 146 143 16 297 130 191
Foliar pot silica¢  0.17 129 140 285 132
Foliar pot silicate 0.21 149 145 281 134
Foliar pot silicate  0.25 132 137 280 127

ABrown rice samples from 2014 are being processed for arsenic content.



Table2. Effect of irrigation type and soil amendment on mgeain yield and total arsenic in brown rice at
Hayward, Missouri averaged across CL151 and Jupiter varieties and CLXL745 hybrid.

Flushed, aerobic Brown rice Flooded, anaerobic Brown rice
Soil anendnent  Applied 2013 2014 grain,2013 2013 2014 grain,2 0 1 ¢
-------- bu/acre------ arsenic, --------bu/acre------ arsenic, ppb
Ib/acre ppb
None 0 201 115 21 209 127 54
Calcite lime 750 197 117 201 125
Calcite lime 1500 182 116 207 136
Calcite lime 2250 186 122 205 119
Dolomite Lime 750 205 112 231 120
Dolomite Lime 1500 191 128 215 124
Dolomite Lime 2250 210 122 213 138
Calcium silicate 450 197 127 200 114
Calcium silicate 900 191 120 18 203 133 56
Calcium silicate 1350 178 117 204 139
Calcium silicate 1800 210 117 23 197 125 56
Calcium silicate 2250 211 115 203 137
Foliar pot silicate  0.17 207 124 223 127
Foliar pot silicate  0.21 184 121 211 123
Foliar pot silicate  0.25 189 119 210 138

ABrown rice samples from 2014 are being processed for arsenic content.
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Benefits of Lime Placement on Grain Yield Response and Remediation of Acid Subsoils

Investigators:
Kelly Nelson, University of Missouri, Division of Plant Sciences, Novelty

Chris Dudenhoeffer, University of Missouri, Division of Plant Sciend¢ovelty
Peter Scharf, University of Missouri, Division of Plant Sciences, Columbia
Peter Motavalli, Universitpf Missouri Soil, Environ., and Atmos. Sci. Department, Columbia

Objective and Relevance:

An extensive root system is essential for cromtgdo tolerate sherand longterm periods of drought
that often occur during the growing season in Miss@\wid subsoils reduce root growth and grain yield
Stratification of pH values is common in claypan soils in Missdarsoil survey publicatios, surface
soil samples of claypan soils may have optimum pH values; however, the subsoil from 8 to 20 in. may
decrease to pH values as low as 3.6, 4.5, and 4.5 for soils such as Putnam, Mexico, and Armstrong,
respectively (Ferguson, 1995). In thuesiredwatershed research, seventy five soil samples from the Ap,
AB, and Bt1 horizons had average pH values of €167), 6.3 £0.6), and 4.9%1.2), respectively
(Udawatta, unpublishedPrainage research plots had subsoil8in.) pH values from 4.7 to 5.2
(Nelson, unpublished) while other research indicated average subsoil pH values from 29 claypan soils at
the G6in., 612 in., 1224 in., and 2436 in. depths were 6.2, 6.0, 5.0, and 5.1 (Scharf, unpublisbed)

60% of the 29 fields had pH values I¢éisan 5 at the 124 in. depthThe lowest pH value at any site was
4.4. Acidic subsoils (at or below the 12 in. depth) may be a greater barrier to root growth than physical
restrictions in many soils in Missouri.

Research on cotton (Adcock et al., 1998 alfalfa (Rechcigl et al., 1991) has demonstrated the
benefit of deep lime placememdethods that incorporated lime increased corn grain yields greater than
conventional liming techniques using surface applications (Farina and Channon)ii88)research,
corn grain yields increased 20 bu/a in a dry year while in a wet year grain yield increased 6 bu/a (Farina
and Channon, 1988). Low soil pH, 5 to 5.5, is an agronomic and environmental concern. Macronutrient
and microbial activity is restricted apthytotoxic levels of exchangeable Al and Mn are common at low
soil pH valuesin addition, nitrification may be limited in an acidic environme\itrogen applications
from ammoniurdAbased N fertilizers acidify soils and requireiaglture lime applicatios to neutralize
the impact on soil pHAnhydrous ammonia applications are commonly used throughout the region and
may contribute to a decrease in subsoil pH wihiksurface soil pH is acceptabk deep lime
application may also reduce the impact of ksl pH on root growth and development.

Acid-subsoil amelioration has been studied with logrgn impacts on soil pH levels (Toma et al.,

1999; Farina et al., 200Qrain and forage yields increased 29 to 50% even 16 yr. after application
(Toma et al.1999) with increased returns (Farina et al., 200Dagp placement of dry lime at 1500
Ibs/acre over two years increased soybean grain yields over 4 bu/a and increased profitability $94/acre
compared to deep tillage only (Tupper et al. 19B8@ymers havatilized notill and conventional tillage
systems to attain specific production goéidsorporation of lime may be necessary to realize an
immediate (Toma et al. 1999) increase in grain yiBkkp placement of lime utilizing conservatitype
knives cold accomplish an immediate increase in grain yield, provide-abage, increase subsoil pH,

and maintain surface residu@oncerns regarding the practicality and economics of deep incorporation




have been expressed; however, numerous producers cowtiswiesoil claypan soil$revious MU

research has evaluated pH management in the top 6 to 8 inches of soil; however, no research has
evaluated deep lime applications or the impact on subsoil properties. This résgiatela longterm

evaluation of thempact of addressing subsoil pH correction intiicand reduced tillage cropping

systemsThe objective of this researgbasto evaluatempacts of lime placement on yielbponse of

corn and soybegrand on changes isubsoil pHWe will maintain thefield that was established in 2012

and 2013. Corn plots will rotate into soybean while soybean will rotate into corn. A third location was
established for 2014 and treatments were applied in the fall of 2013 which is more typical of a deep tillage
treatmet.

Materials and Methods

Field trials wereestablished at the University of Missouri Greenley Research Center on a Putnam silt
loamin 2012, Kilwinning silt loam in 2013, and Putnam silt loam in 201t hal been in continuous RO
till production for aver 13 years with acid subsail(Table 1). A timeline for establishment was outlined in
Table 2. A factorial arrangement of treatments incldggacement{no-till surface and conservation
subsoiler deep placementyop (corn and soybean), alithe rates(0, 1.5, and 3 tons/acre with 600 lbs
effective neutralizing material/tond evaluate the response of corn or soybeans within a given year.
Pell eted Iime (Kellydés Limestone, Newark, MO) w
magnesium carbonate. A@lignosulfonate was utilized as the binding agent for pelletizing. The
consevation subsoiler (Case IH 2500 ecail (Figure 1, left) had a custom built shank (Figure 1, right)
to deliver and distribute lime to 4 different levels in the soil profilejentelivery and metering were
accomplished using a commercial Mon{&ggure 1, left) dry fertilizer air delivery system. The selected
rates of lime were based on areeage subsoil recommendati@imgh rate) top 6 inches of soil
recommendatioflow rate, and a nottreated controlA site with a low surface pH asutilized in the
experimen{Table 1)

N o s by T o ] \‘... ~ IR =
Figure 1. Deep placement applicator with Montag dry fertilizer air delivery system (left) and custom built

applicator shank (right).

Precipitation igeported in Table 2 while field management and crop protection chemical applications
for corn and soybean are reported in Tables 3 and 4, respeciisyesearch evaluatsoil pH at four
depths (65, 610, 1215, and 1620 inches) similar to othersearch (Farina et al. 2000a, 2000b; Tupper
et al., 1987), grain yield, and crop growth characteris8cfl samples were collected in the fall of 2012,
2013, and 201450il sampling depth corresponded to the different distribution drop tubes on the
appliator shank.Samples were collected from within the tilled zone, 7.5 inches, and 15 inches from the
tilled zone.



Figure 2. Soil during application (left), after application (center), and an overhead overview after
application (right).

The center twaows of corn were harvested for yield and converted to 15%, while the center 5 ft of the
soybean plot was harvested and adjusted to 13% moisture prior to ar@lgsissamplesverecollected
andwereanalyzed for protein and oil (soybean), and staradtem, oil (corn) usingnearinfrared
spectroscopy (Foss Infratec 1241 Grain Analyzer, Eden Prairie (84§ not presented)l data were
subjected to ANOVA and means sePgF&®fi.ated using Fi

Results:

The custom built shangffectively distributed lime throughout the soil profile (Figure 2). The modified
shank caused more soil disturbance than normal and tillage following application was utilized to smooth
the soil surface (Tables 3 and 4) prior to planting. No tillage wed nsthe surface application only
treatments. An extensive drought occurred in 2012. Precipitation during the 2012 growing was 7.3 inches
below normal (Table 2).

Corn plants were 2 to 5 inches taller (July 5) in the deep placed treatments compargi, twhmoh
persisted until tasseling (August 2) in 2012 (Table 5). Plants were slightly taller for the surface applied
lime at 2 ton/acre in 2013, but were shorter in the deep placed lime treatments established in 2013. In
2014, all treatments were tallhan lime surface applied at 3 tons/acre at the site established in 2013.
Plant height was greater than the +#imrated control with deep placed lime at 3 tons/acre compared to the
norttreated control, while few differences were observed among thetothénents

The site established in 2012 had plant populations that were generally greater htiltteirface
applied treatments compared to the deep ripped/placement treatments in 2012, and few differences were
observed in 2013 and 2014. Deep plagetiad greater plant populations than surface applied lime at
the site established in 2013 and 2014. There was no treatment effect on soybean height in 2012 or 2013,
while slight height differences were observed in 2014. There was no treatment effegb@ansplant
population in 2012 (Table 6). However, soybean plant population was 30,000 to 31,000 plants/acre
greater with surface applied lime at 1.5 ton/acre compared to deep placement at both locations in 2013. Ir
2014, deep lime placement and tillagereased plant populations compared to thetnested control at
one location, but were lower than the #ogated control when lime was surface applied at two of the
locations.



Soil test pHin the top 5 inches of soil for the surface applied lin@eased in corn and soybean as
lime rate increased at all three locations; however, there was no effect of deep placemeim tmepidp
5 inches of soil (Table 7). At 6 to 10 inches deep, saoiiptdeased 0.5 points for deep placed lime at 1.5
tondacre in soybean. No differences were observed 11 to 20 inches deep in the soil profile 1, 2, or 3
years after application.

In an extremely dry year (2012), deep placement treatments increased corn yields 4 to 8 bu/acre
(Figure 3a). However, no differe@s in yield among lime treatments were detected. In 2013, grain yield
was 14 bu/acre greater for the-tilh non-treated control compared to deep tillage #r@ated control,
and 9 bu/acre greater for the surface applied lime at 1.5 ton/acre compadeeg facement at 1.5
ton/acre (Figure 3a). Grain yields were not affected by deep placement compared to surface applied lime
at the site established in 2013 (Figure 3b). In 2014, surface applied lime at 1.5 ton/acre had the highest
yields for the treatents established in 2013, while deep placed lime increased yield compared to the
other treatments for the site established in 2014. All treatments increased yield up to 30 bu/acre comparet
to the nortreated control at the site established in 2014 (Figoyebut the tillage component seemed to
have the greatest impact on yield in a high yielding year.

Deep placement treatments in 2012 reduced soybean yield in theeated control and lime at 1.5
ton/acre (Figure 4a), while there was no effect ofgaiaent on soybean yield at the 3 ton/acre rate. Grain
yields were 2 to 3 bu/ac greater for thetiip non-treated control and surface applied lime compared to
the equivalent deep placement treatments in 2013 (Figure 4a). Limited differences weredabreng
treatments at the site established in 2013 (Figure 4b). Deep placement of lime at 3 tons/acre increased
yields 6 bu/acre compared to the rtogated control at the site established in 2014 (Figure 4c).

In dry years (2012 and 2013), slight diffeces in corn grain yields were observed when comparing
no-till surface lime applications compared to deep placement. In a high yielding year, deep placement of
lime at 3 tons/acre increased yield 2 years after application, while the tillage componéma Qehtest
increase in yield 1 year after application. Deep tillage did not increase soybean yields at the site
established in 2012 or 2013 over the first two dry years of this research. In 2014, only 1 of 3 sites
increased yield with deep tillage.
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Table 1.Initial soil characteristics at different depths for the sites established in 2013 and 2014

Soil characteristics 0-5inches 6-10inches 11-15inches 16-20 inches
Established in 2012
pHs 5.6+0.2 5.6+04 46+0.2 46+0.2
Neutralizable acidity (meg/100g) 3.5+2 29+1 8.5+1.6 6.8+1.0
Organic matter (%) 2.7+0.3 2.3+0.1 2.3+0.3 2.2+0.2
Bray 1P (Ib/acre) 155+8.7 45+1.3 3.5+19 13.0+4.0
Ca (Ib/acre) 3950+ 310 4640+ 590 4690+ 630 4450+ 600
Mg (Ib/acre) 441+ 87 615+ 169 875+123 889+ 136
K (Ib/acre) 159+ 11 155+ 25 202+ 30 206+ 14
CEC (meqg/100 g) 15.4+2.3 17.3+3.2 24.2+3.2 22.0+2.3
Established in 2013
pHs 5.0+0.1 5.0+0.5 49+0.7 49+0.8
Neutralizable acidity (meq/100 g) 5.1+0.5 49+1.9 6.9+4.0 6.8+ 3.8
Organic matter (%) 3.0+ 0.6 1.9+04 1.8+0.3 1.4+04
Bray 1P (Ib/acre) 113.5+41.2 17.0+9.6 10.3+ 3.6 275+17.3
Ca (Ib/acre) 2535+273 2911+616 3692+ 1634 3697+ 1497
Mg (Ib/acre) 274+ 81 370+ 171 659+ 403 757+ 375
K (Ib/acre) 530+ 214 142+ 42 160+ 69 208+ 76
CEC (meql100 @) 13.3+1.4 13.9+3.3 19.1+6.4 19.4+4.8
Established in 2014
pHs 6.1+0.1 6.2+0.1 5.0+0.2 46+0.1
Neutralizable acidity (meg/100g) 1.8+0.5 1.9+0.3 7.1+19 12.3+1.9
Organic matter (%) 2.3+05 2.1+0.2 2.3+04 2.7+0.3
Bray 1P (Ib/acre) 9.3+4.2 5+2 1.8+0.5 1+0
Ca (Ib/acre) 3528+ 854 3253+ 258 4012+ 387 4660+ 343
Mg (Ib/acre) 355+ 141 336+ 52 668+ 127 1094+ 71
K (Ib/acre) 137+ 27 121+ 11 196+ 32 311+25
CEC (meqg/100 g) 122+3.2 11.6+0.8 20.2+3.2 28.9+2.7

Table 2. Monthly precipitation averagd Q-year) and during the 2012013 and 2014rowing seasons at Novejty
and the timeline for establishment and evaluation of field.sites

Month 10-year average 2012 2013 2014
L Inches-----
Apr. 3.9 4.2
May 4.4 - 10.3 1.0
June 4.9 2.2 3.6 8.9
July 3.7 0.7 1.9 2.0
Aug. 4.8 3.0 0 6.4
Sep. 3.4 3.6 3.1 6.9
Total 25.1 9.5 18.9 29.4

Timeline for evalution
Established in 2012
Established in 2013
Established in 2014

May 2012 Putnam
Fall 2012 Kilwinning"
Fall 2013, Putnam

"Averaged from 2000 to 2009.
'Planted May 30, 2012
Soil series.



Table 3.Field and management informatitor the corn site eéablished at Novelty in 2012

Management information 2012 2013 2014
Plot size (ft) 15 by 80 15 by 80 15 by 80
Hybrid DKC 6325 VT3 DKC 63-25 VT3 P1151 AM
Planting date 30 May 14 May 16 April
Row spacing (inkces) 30 30 30
Seeding rate (seeds/ac 30,000 30,000 33,000
Harvest date 12 Oct. 19 Sep. 30 Sep.
Maintenance fertilizer None None 20-80-140-20S2Zn MESZ

Nitrogen

Lime
Tillage

Weed management
Burndown

Postemergence

Insect management
Disease management

60 Ibs N/acre (Urea) and 1:
Ibs N/acre (PCU)
29 May
Tilloll 2x 30 May
Cultipacked 30 May
in deep tilled treatments

5 June, Verdict (5 oz/acre)

Roundup PowerMAX (32

oz/acre) + NIS (0.2 v/v) +
UAN (1 gt/acre)

200 Ibs Nacre (AA)

None
None

22 May, Lexar (2.5 qt/acre) -
Roundup PowerMAX (32
oz/acre) + COC (1 gt/acre)

180 Ibs N/acre (AA)

None
None

9 May, Warrant (1.5 gt/acre)
23 May, Lexar EZ (3 gt/acre) -
Roundup PowerMAX (2
oz/acre)}t DAS (17 Ibs/100 gal

22 June, RoundupowerMAX 27 June, Roundup PowerMA 18 June, Roundup PowdAX

(32 oz/acre) + DAS (17
Ibs/100 gal) + COC (1 gt/act
+ Callisto (3 oz/acre) +
Atrazine (1 gt/acre)

NA
NA

gal) + COC (1 gt/acre) +
Callisto (3 oz/acre) + NIS
(0.25% viv)

NA
NA

(32 oz/acre) + DAS (17 lbs/1( (22 oz/acre) + DAS (17 Ibs/10

gal)

23 May, Watrrior Il 2 oz/a
10 July, Quilt Xcel 12 oz/a

AAbbreviations: COC, crop oil concentrate; DAS, diammonium sulfate; NA, None applied; NHymosurfactant; UAN, 32% urea ammonium nitrate.



Table 3cont. Field and management information for the corn sites established at Novelty3iaraD204.

Established in 2013 Established in 2014
Management information 2013 2014 2014
Plot size (ft) 15by 75 15 by 75 15 by 80
Hybrid DKC 63-87 GH GO09E983000GT GH GO9E983000GT
Planting date 14 May 5 May 5 May
Row spacing (inches) 30 30 30
Seeding rate (seeds/ac 30,000 30,200 30,200
Harvest date 19 Sep. 30 Sp. 7 Oct.
Maintenance fertilizer None 20-80-140-20S2Zn MESZ 20-80-14020S2Zn MESZ
Nitrogen 120 Ibs N/acre (PCU) 180 Ibs N/acre (AA} N-serve 200Ibs N/acre (AA)
(1 gt/acre)
Lime 27 Nov None 15 Nov
Tillage Tilloll 2x 1 May None Tilloll 2x 23 April
Weed management
Burndown 22 May, Lexar (2.5 qt/acre) 9 May, Sharpen (1 oz/acre) 9 May, Sharpen (1 oz/acre) 4
Roundup PowerMAX (32  Warrant (1.5 gt/acre} MSO Warrant (1.5 gt/acre} MSO (%
oz/acre) + COC (1 gt/acre. (1% v/v) + UAN (1 gt/acre) v/v) + UAN (1 gt/acre)
23 May, Lexar EZ (3 qt/acre) 23 May, Lexar EZ (3 gt/acre) -
Roundup PowerMAX (2 Roundup PowerMAX (2
oz/acrey DAS (17 Ibs/100 ga oz/acre)}t DAS (17 Ibs/100 gal’
Postemergence 27 June, Roadup PowerMA> 18 June, Roundup PowerMA 18 June, Roundup PowerMA}
(32 oz/acre) + DAS (17 (22 oz/acre) + DAS (17 lbs/1( (22 oz/acre) + DAS (17 Ibs/10
Ibs/100 gal) + COC (1 gt/act gal) gal)
+ Callisto (3 oz/acre) + NIS
(0.25% viv)
Insect management NA 23 May, Watrrior 1l 2 oz/a 23 May, Watrrior 1l 2 oz/a
Disease management NA 10 July, Quilt Xcel 12 oz/a 10 July, Quilt Xcel 12 oz/a

"Abbreviations: COC, crop oil concentrate; DAS, diammonium sulfate; NA, None applied; Ni&niosurfactantJAN, 32% urea ammonium nitrate.



Table 4.Field and management information for the soybean site edtalllat Novelty in 2012

Management information 2012 2013 2014
Plot size (ft) 15 by 80 15 by 80 15 by 80
Cultivar AG3730 RR2 AG3730 RR2 P93Y92
Planting date 30 May 8 May 8 May
Row spacing (inches) 7.5 7.5 7.5
Seeding rate (seeds/ac 200,000 200,000 180,000
Harvest date 4 Oct. 9 Sep. 20 Oct.
Maintenance fertilizer None None 20-80-14020S2Zn MESZ
Lime 29 May None None
Tillage Tilloll 2x 30 May None None

Cultipacked 30 May
in deep tilled treatments
Weed management

Burndown 5 June, Verdict (5 oz/acre) 22 May, Prefix (2.25 gt/acre) A
Roundup PowerMAX (32 Roundup PowerMAX (32
oz/acre) + NIS (0.25% v/v) - oz/acre) + COC (1 gt/acre) -
UAN (1 gt/acre) UAN (1 gt/acre)
Postemergence 22 June, Reflex (1.25 pt/acr NA
+ Roundup PaerMAX (22
oz/acre) + DAS (17 Ibs/10(
gal) + NIS (0.25% v/v)
Insect management NA NA
Disease management NA NA

9 May, Warrant (1.5 gt/acre)
23 May, Prefix (2.3 pt/acre) +
DAS (17 Ibs/100 gal) + NIS

(0.25% viv)

18 June, Roundup PowerMAX
(22 oz/acre) + DAS (17 lbs/10

gal)

NA
10 July, Quilt Xcel 12 oz/a

AAbbreviations: COC, crop oil coantrate; DAS, diammonium sulfate; NA, None applied; NISiomic surfactant; UAN, 32% urea ammonium nitrate.



Table 4 cont. Field and management information for the soybean sites estbhlgiNovelty in 2013 and 2014.

Established in 2013

Establishedn 2014

Management information 2013 2014 2014
Plot size (ft) 15 by 75 15 by 75 15 by 80
Cultivar AG3731 RR2 AG3932 PO3Y92
Planting date 16 May 8 May 8 May
Row spacing (inches) 7.5 15 7.5
Seeding rate (seeds/ac 200,m0 130,200 180,000
Harvest date 9 Sep. 19 Oct. 20 Oct.
Maintenance fertilizer None 20-80-140-20S2Zn MESZ 20-80-140-20S2Zn MESZ
Lime 27 Nov None 15 Nov
Tillage Tilloll 2x 1 May None Tilloll 2x 23 April
Weed management
Burndown 22 May,Prefix (2.25 gt/acre} 9 May, Sharpen (1 oz/acre) 9 May, Sharpen (1 oz/acre)
+ Roundup PowerMAX (32 Warrant (1.5 gt/acre} MSO Warrant (1.5 gt/acre} MSO (2%
oz/acre) + COC (1 gt/acre) (1% v/v) + UAN (1 gt/acre) v/v) + UAN (1 gt/acre)
UAN (1 gt/acre) 23 May, Prefix (2.3 pt/acre) - 23 May, Prefix (2.3 pt/acre) +
DAS (17 Ibs/100 gal) + N8 DAS (17 lbs/100 gal) + NIS
(0.25% viv) (0.25% viv)
Postemergence NA 18 June, Roundup PowerMA. 18 June, Roundup PowerMAX
(22 oz/acre) + DAS (17 lbs/1( (22 oz/acre) + DAS (17 lbs/10
gal) gal)
Insect management NA NA NA

Disease management NA 10 July, Quilt Xcel 12 oz/a 10 July, Quilt Xcel 12 oz/a
“Abbreviations: COC, crop oil concentrate; DAS, diammonium sulfate; NAgNmpplied; NIS, noionic surfactant; UAN, 32% urea ammonium nitrate.




Table 5.Cornheights and plant population at harvastaffected by ndill surface or deep placed lime (néreated = 0 ton/acre,
low = 1.5 ton/acre, and high 3.0 ton/acra) $itesestablished in 2012013 and 2014

2012 2013 2014
Height Height Height
Lime placement July  August Population October 4  Population July 3 Population
5 2
---- Inches---- No./acre Inches No./acre Inches No./acre

Established ir2012

Surface noftreated 36 65 30,100 80 26,700 88 28,400

Surface 1.5 ton/acre 37 64 30,000 81 27,100 91 28,500

Surface 3 ton/acre 34 63 29,200 82 27,400 95 27,700

Deep placement nen 39 67 26,000 80 94 27,400
treated 26,900

Deep placement 1.5 38 68 28,000 80 92 27,600
ton/acre 27,700

Deep placement 3 39 67 27,900 79 97 27,100
ton/acre 28,400

LSD (P=0.1) 2 2 2,200 2 NS 9 800
Established in 2013 ‘

Surface nortreated - 103 27,000 108 26,500

Surface 1.5 ton/acre 100 24,000 111 25,600

Surface 3 ton/acre 101 26,000 110 26,400

Deep placement nen 102 28,800 112 25,200
treated

Deep placement 1.5 99 28,200 109 26,100
ton/acre

Deep placement 3 97 28,800 110 26,100
ton/acre

LSD (P=0.1) 4 1,700 2 NS




Established in 2014

Surface noftreated 100 22,500

Surface 1.5 ton/acre 101 22,200

Surface 3 ton/acre 93 22,300

Deep placementnen  --- 101 27,100
treated

Deep placement 1.5 102 26,400
ton/acre

Deep placement 3 103 25,300
ton/acre

LSD (P=0.1) 4 2,600
Site wasndt established at this point in time. No dat a

wer e

col |l ec



Table 6. Soybearheights and plant populationfarvestas affected by ndill surface or deep placed lime

(nontreated = 0 ton/acre, low = 1.5 ton/acre, and high 3.0 ton/amrsjtés established in 2012013 and 2014

2012 2013 2014
Lime placement Height Population Height Population Height Population
Inches No./acre Inches  No./acre Inches No./acre

Established in 2012

Surface noftreated 22 187,000 28 153,000 39 91,000

Surface 1.5 ton/acre 22 205,000 28 157,000 41 105,000

Surface 3 ton/acre 22 161,000 26 166,000 41 109,000

Deep placement nen 22 196,000 27 39 96,000
treated 145,000

Deep placement 1.5 21 183,000 26 39 118,000
ton/acre 127,000

Deep placement 3 ton/acre 22 203,000 26 148,000 43 113,000

LSD (P=0.1) NS NS NS 21,000 1 1,000
Established in 2013 \

Surface noftreated - 31 170,000 40 87,000

Surface 1.5 ton/acre 31 170,000 38 81,000

Surface 3 ton/acre 31 148,000 38 74,000

Deep plaement non 28 152,000 37 76,000
treated

Deep placement 1.5 31 139,000 39 72,000
ton/acre

Deep placement 3 ton/acre 31 148,000 38 81,000

LSD (P=0.1) NS 25,000 1 5,900




Established in 2014

Surface nostreated 40 118,000

Surface 1.5 ton/acre 39 109,000

Surface 3 ton/acre 41 96,000

Deep placement nen 38 100,000
treated

Deep placment 1.5 40 109,000
ton/acre

Deep placement 3 ton/acrt 40 100,000

LSD (P=0.1) 2 6,900

Site wasnot established at this point in time. No data were coll ec!



Table 7. Soil test pHvaluesat 0 to 5, 6 to 10, 11 tol5, and 16 to 20 inch depths after corn and soybean harvest
for the experimental site established in 2012. Interactions between factors were presented when appropriate.

Lime placement 2012 2013 2014
Depth 0G5 in. Corn Soybean

Surface noftreated 5.4 5.8 5.8 5.5

Surface 1.5 ton/acre 5.9 6.6 6.3 6.3

Surface 3 ton/acre 6.2 6.4 6.5 6.6

Deep placement nen 5.7 5.7 5.8 5.9
treated

Deep placement 1.5 5.7 5.8 6.0 5.8
ton/acre

Deep placement 3 toroie 5.4 5.8 6.0 5.9

LSD (P=0.1) ----0.3---- 0.2 0.1
Depth 610 in. Corn  Soybean

Surface noftreated 4.9 4.7 5.9 5.9

Surface 1.5 ton/acre 4.7 4.7 6.0 6.0

Surface 3 ton/acre 4.8 4.7 5.8 6.1

Deep placement nen 48 4.7 5.8 5.9
treated

Deep placement 1.5 5.0 5.2 6.2 6.3
ton/acre

Deep placement 3 ton/acre 4.8 4.7 6.4 6.5

LSD (P=0.1) ---0.4---- NS NS
Depth 1115 in.

Surface noftreated 4.8 4.7 4.8

Surface 1.5 ton/acre 4.7 4.7 4.7

Surface 3 ton/acre 4.7 4.7 4.9

Deep placement nen 4.7 4.9 4.7
treated

Deep placement 1.5 51 4.7 5.2
ton/acre

Deep placement 3 ton/acre 4.6 4.8 4.9

LSD (P=0.1) NS NS NS
Depth 1620 in. Corn  Soybean

Surface noftreatel 4.5 4.6 4.4 4.4

Surface 1.5 ton/acre 4.5 4.6 4.4 4.4

Surface 3 ton/acre 4.5 4.5 4.4 4.4

Deep placement nen 4.5 4.5 4.4 4.5
treated

Deep placement 1.5 4.5 4.6 4.6 4.4
ton/acre

Deep placement 3 ton/acre 4.4 4.5 4.5 4.4

LSD (P = 0.1) NS NS <02




Table 8 Soil test pHvalues at 0 to 5, 6 to 10, 11 to15, and 16 to 20 inch depths after corn and soybean harvest
for the expamental site established in 2013 and 201dteractions between factors were presentechwhe
appropriate.

Established 2013 Established 2014
Lime placement 2013 2014 2014
Depth G5 in.
Surface noftreated 4.7 4.6 5.6
Surface 1.5 ton/acre 5.2 5.2 6.0
Surface 3 ton/acre 5.3 55 6.4
Deep placement nemeate 4.8 4.6 5.7
Deep placement 1.5 ton/ac 4.7 4.6 5.7
Deep placement 3 ton/acre 4.8 4.6 5.7
LSD (P=0.1) 0.2 0.2 0.4
Depth 610 in.
Surface noftreated 5.0 4.9 5.9
Surface 1.5 ton/acre 4.7 4.9 6.1
Surface 3on/acre 4.9 5.0 6.1
Deep placement netneated 4.9 4.7 6.2
Deep placement 1.5 ton/ac 5.2 5.0 6.5
Deep placement 3 ton/acre 5.0 5.2 6.6
LSD (P=0.1) NS NS NS
Depth 1115 in.
Surface noftreated 4.8 4.7 5.0
Surface 1.5 ton/acre 4.6 4.6 5.1
Surface 3 ton/acre 4.6 4.7 5.1
Deep placement nemeated 4.7 4.7 5.0
Deep placement 1.5 ton/ac 4.6 4.9 5.4
Deep placement 3 ton/acre 51 4.7 6.0
LSD (P=0.1) NS NS NS
Depth 1620 in.
Surface noftreated 4.6 4.6 4.5
Surface 1.5 ton/acre 4.6 4.6 4.7
Surface 3 ton/acre 4.6 4.7 4.8
Deep placement nemeated 4.6 4.6 4.6
Deep placement 1.5 ton/ac 4.6 4.6 4.6
Deep placement 3 ton/acre 4.7 4.6 4.7

LSD (P = 0.1) NS NS NS
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Figure 3a.Corn grain yield response totifl surface or deep placed lime (none = 0 ton/acre, low = 1.5 ton/acre, and
high 3.0 ton/acre) established in 2012. L$D=(0.1) was 4, 9and 8 bu/acre in 2012, 2013, and 2014, respectively.
Labels above bars indicate a significant increase (+) or decr@@sgield compared to the Hil, non-treated
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Figure 3b. Corn grain yield response to4titi surface or deep placed lime (none = 0 ton/acre, low = 1.5 ton/acre, and
high 3.0 ton/acre) established in 2013. L$D=(0.1) was 12 and 6 bu/acre in 2013 and 2014, respectively. Labels
above bars indicate a significant increase (+) or decreaseyfeld compared to the ntill, non-treated control.
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Figure 4a. Soybean grain yield response totilbsurface or deep placdiine (none = 0 ton/acre, low = 1.5 ton/acre,
and high 3.0 ton/acre) established in 2012. LBB (0.1) was 2, 2, and 2 bu/acre in 2012, 2013, and 2014,
respectively. Labels above bars indicate a significant increase (+) or deeyéagie(d compareda the netill, non-
treated control.
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(Report received after publication of last Fertility Update)

Sensor-based variable rate N: Long-term performance in corn and cotton

Peter Scharf, Vicky Hubbard, Larry Mueller, and David Kleinsorge
University of Missouri, Plant Sciences Division

Objective:

The objective of this project is to evaluate long-term performance of sensor-based
variable N rate recommendations for corn and cotton. Sensor-based N management is
compared with typical producer N management and with other N rate decision systems.

Accomplishments for 2012:

A Two small-plot corn experiments were conducted as planned at Bradford Farm near
Columbia.

A Unfortunately, the planned cotton experiment was not conducted in 2012 due to
miscommunication. The corn experiment will be extended for an extra year to make
up for this omission.

Sensor-based variable rate N: Long-term performance in corn
Experiment 1: Long-term impact of nitrogen rate recommendation systems

¢ 2012 is the 6™ year of this study, with each plot getting the same N timing and N rate
decision system every year.

o Four of the treatments are fixed preplant N rates: 0, 100, 140, and 180 Ib N/ac

0 The 140 Ib N/acre rate is the MRTN (Maximum Return to Nitrogen) rate for
Missouri and is also the Univ. of Missouri N rec for 135 bushel corn with 2.8%
soil organic matter

o A fifth preplant N treatment has the 140 Ib N/acre rate as a base, with soil
nitrate credits subtracted based on a 2-foot soil nitrate sample

0 Three treatments have N applied sidedress; rates are based on:

A Sidedress soil nitrate test (lowa State University interpretation)

A Chlorophyll meter (University of Missouri interpretation)

A Crop Circle 210 canopy sensor (University of Missouri interpretation)
o All treatments are surface-applied ammonium nitrate

¢, This experiment is conducted in continuous no-till corn to magnify the effects of any
problems related to N management.




¢, Extreme drought occurred in this experiment in 2012.

o Three irrigations totaling 3.6 inches were applied with a linear-move irrigation
system in July to avoid complete crop failure.

¢, Even so, all treatment mean yields were 82 bu/acre or less due to water limitation.

¢, Yield differences between treatments were minimized due to this water limitation.

¢, Yields for the eight N system treatments are shown in the table on the next page.

2012 2007-12%*
Nitrogen N 2012 20127 | Yield value| 2007-12° | 200712° | Yield value
Minus N Minus N
Recommendation timing N Rates Yield cost Avg. rate | Avg. Yield cost
System Stagé Ibs./ac bu/ac $lac Ibs./ac bu/ac $/ac
Chlorophyll meter V7 160 79 392 169 133 730
67, 146,168
Crop Circle sensol V7 133,162,191 79 403 148 129 721
avg rate = 44
Sidedress soil testt V7 116 76 404 121 120 679
High Preplant 180 81 391 180 94 475
Yield goal/ MRTN | Preplant 140 77 393 140 84 439
Preplant soil test | Preplant 140 82 425 135 83 438
Low Preplant 100 72 390 100 75 409
Check Preplant 0 34 218 0 45 287

! Growth stage V7 is about knee high corn

% Yields are different from one another (90% confidence) if they are more than 5 bushels apart

#2011 data was not included due to insaéint stand count and uniformity
*Partial profit analysis based on riiiec. 2012 prices. Cori$ 6.40/bu. Nitrogen cost$ 0.71/Ib.

¢, Six of the N treatments yielded between 76 and 82 bushels with N rates between 116
and 180 Ib N/acre. Because water availability limited yields so severely, most N
timing & rate combinations appeared to deliver enough N to the crop to maximize
yield within the constraint of limited water.

¢, Only the 0 and 100 Ib N/acre rates clearly yielded less than the other treatments.
Although the 100 Ib N rate would seem to be enough to produce 80 bushels like the
other treatments, N delivery from soil to roots is inefficient when soil is dry.

¢, Treatments in the table above are ordered based on profitability for the period

2007-2012.

¢, For this period, the two systems based on crop color to guide sidedress N rate
out-performed the best preplant system (180 Ib N rate) by about $250/acre.

0 They produced 35-40 bushels more corn with 10-30 Ib less N than the 180 |b




N/acre preplant treatment.

o This was mainly due to serious N loss with preplant N applications during the
wet springs of 2008-2010.

¢, The color-based systems for choosing sidedress N rate also out-performed the soil
test system for choosing sidedress N rate by $40-50/acre.

0 This was due to under-recommendation by the sidedress soil test system in
2007 and 2010, resulting in lower yields.

¢, Based on results from 2007-2012, long-term performance of sensor-
based variable-rate N in corn appears to be good.

Experiment 2: Effect of pre-plant nitrogen on sensor-based N rate performance

¢, Experiment 2 is designed to complement Experiment 1 and address concerns that
sidedress systems with no N applied preplant may cost yield.

A2012 is the second year for this experiment.
AThree of the four treatments in Experiment 2 are shared with Experiment 1.

AThe key treatment is 50 Ib N/ac applied pre-plant, followed by sidedress N at
rates diagnosed by the Crop Circle sensor.

0 Results from this treatment can be compared to pre-plant N
management (140 and 180 Ib N rates) and sensor-based sidedress
with no N pre-plant to evaluate its relative performance.

0 Any N stress experienced with the sidedress-only sensor-based
treatments should be avoided.

¢, Itis right next to Experiment 1, so soils and weather are very similar. Seed,
herbicide, planting date, and application dates are identical to Experiment 1.
Experiment 2 received the same supplemental irrigation (total about 3.6 inches) as
Experiment 1.

Despite irrigation, yields were strongly water-limited and treatment mean yields did
not exceed 79 bushels/acre.

-

¢, One of the concerns with sidedress N management with no N applied pre-plant is that
the crop development will be slowed. In years with a July drought, slower
development could push reproductive stages farther into the drought, causing
additional yield loss

¢, Sidedress-only N management did not cause yield loss despite drought stress
and the potential for slower development to push reproductive growth into a
more stressful time.

¢, Over the 3 years of this study, there has been no indication that sensor-based
N rate recommendations perform better with preplant N than without.



¢, Over 3 years, sensor-based N management out-yielded the best preplant N
management by about 8 bushels and gave about $85/acre higher profit (see
table below). This is due to higher yields with sensor-based N management than
preplant N management in 2010. Yield differences between treatments were
minimal or non-existent in 2011 & 2012. Average N savings over the 3-year period
were 40 and 55 Ib N/acre for the two sensor-based N systems while still producing
higher yield than the most profitable preplant N system.



Nitrogen rates recommended and corn yields produced by four different recommendation systems in 2012

Nitrogen | Nitrogen® | 20102 2010% | 2010 | 2010° | 20117 20112 | 2011 | 2011° | 20122 2012 2 2012 | 2012° | 3V Syr 3yr,
Avg. Avg. Avg.
— Crop . Crop . Crop . .
System | Application Circle Total Yield | Gross - Circle Total Yield | Gross - Circle Total Yields | Gross - N Yields Gross -
Used Timing N Rates N bu/ac | Ncost | N Rates N bu/ac | N cost N N Rates bu/ac | Ncost | Rates bu/ac N cost
Rates Rates Rates
Ibs/ac Ibs/ac $/ac Ibs/ac Ibs/ac $/ac Ibs/ac Ibs/ac Ibs/ac $/ac Ibs/ac $/ac
135,113 135,113 145,116 145,116 155,134 | 155,134
108, 84 | 108, 84 137,92 137,92 93,92 93,92
Son V8 163,167 | 163,167 | 135 | $773 | 158,137 | 158137 | g3 | sazs | 90127 | 90127 | 73 | $386 | 125 | 97 | $532
avg.
sensor avg. rate rate avg.rate | avg.rate avg.rate | avg.rate
128 128 131 131 115 115
60, 74 110,124 93,103 143,153 78, 54 128, 104
50 Ibs./N | Pre-plant 60,157 | 110,207 69,117 119,167 79,53 | 129, 103
139 $782 81 $413 73 $383 140 98 $526
+ + 160,96 210,146 137,74 187,124 66, 85 116, 135
Crop avg. avg.
Circle V8 avg. rate rate avg.rate rate avg.rate | avg. rate
sensor 101 151 99 149 69 119
Yield
goal Pre-plant 140 140 104 $566 140 140 78 $400 140 140 64 $310 140 82 $425
MRTN
High Pre-plant 180 180 107 $557 180 180 80 $384 180 180 79 $378 180 89 $440

! Growth stage V6-V7 is about knee high corn, Growth stage V8-V10 is about thigh to waist high corn
2 A different N rate was applied in each of 6 replications for this treatment. It is feasible to use this sensor to change N rate automatically while fertilizing a field,
and we felt that this ability would be most accurately reflected by diagnosing N rate for each plot separately.

® Gross calculated using $6.40/bu. corn price, $0.71/lb. N cost as estimates of average corn prices and N cost during these years.




Sensor-based Topdressing for Winter Wheat

Peter Scharf, Larry Mueller, David Kleinsorge, and Vicky Hubbard

Objective:
1 Develop reliable sensor interpretations as a basis for on-the-go variable-rate N topdressing of
winter wheat.

Accomplishments for 2012:

1  Three nitrogen rate experiments were carried out in conjunction with sensor measurements at the
pre-jointing growth stage.

i As with 2009 & 2011, N applications just before jointing were more effective than N
applications at greenup.

o] Maximum yield with all N applied at greenup was, on average, 3 bushels/acre less
than when all N was applied a month later at the pre-joint stage.

0 This compares with a 9-bushel advantage to pre-joint N in 2011 while using 20 Ib
N/acre less.

0 In 2009, either N timing could produce full yield, but it took an average of 120 Ib

N/acre applied at greenup compared to an average of just 77 Ib N/acre applied pre-jointing. If the
77 Ib N/acre was applied at greenup, a 5 bushel/acre yield loss was seen.

0 (No experiments were harvested in 2010 due to establishment failure.)

o} For N applications split between greenup and pre-joint, every 30 Ib N/acre
reduced optimal N rate applied at prejoint by 18 Ib N/acre. This suggests that N applied at
greenup was about 60% as effective as N applied at pre-joint.

1  Applying all N pre-joint worked fine in these experiments

o] There was weak evidence that split spring applications may have given higher
profit in 1 of the 3 experiments, but if so
o] Yield response to different N rates at the prejoint stage is shown in the graphs
below
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1  The optimal (most profitable) N rates were lower than in most of our past research

0 Average 54 Ib N/acre
0 Range from 30 to 72 Ib N/acre
0 This compares to average optimal N rates of 77 Ib N/ac in 2009 and 101 Ib N/ac in 2011 in

this project.



1  Arange of crop appearances and N sufficiencies at the pre-jointing stage was created by applying
either 0, 30, or 60 Ib N/acre at greenup. Each of these greenup N rates was followed by a complete
range of N rates and by sensor measurements at the pre-jointing stage.

1 Each experiment thus produces three data points of sensor value and optimal N rate:

o] One with no N applied at greenup
o] One with 30 Ib N/acre applied at greenup
o} One with 60 Ib N/acre applied at greenup

1  The relationship between sensor readings and optimal N rate for three sensor models in 2012
experiments is shown in the graphs below.

1 Sensor values are expressed relative to plots that received 120 Ib N/acre at greenup: relative
Visible/near-infrared = (Vis/NIR)/(Vis/NIR-120)

1  Three types of sensors were used in 2012: Greenseeker, Crop Circle 210, & OptRx

1 Measurements were taken with all 3 sensors at 2 heights: 20 inches and 40 inches
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1  All three sensors gave Relationships between relative Vis/NIR and optimal N rate that might be
good enough to be useful in guiding variable-rate N applications based on real-time sensors
measurements of wheat canopy properties at the pre-joint stage.

o  Equations shown above could potentially be used to translate sensor measurements to N rates
during variable-rate N application.

o The R2 values on the graphs indicate the quality or accuracy of the relationship, with a higher
value being betteri the highest possible value is 1.

0o The quality of N rate predictions appears to be roughly equal for all three sensors based on
these results

1  The relationship (equation & line) between sensor values and optimal N rates was similar for
Greenseeker and OptRx. Values for the Crop Circle 210 sensor did not go up as much as the other
sensors when looking at N-stressed wheat, resulting in a steeper line in the graph above, but this did
not affect the quality of N rate predictions.

1  The height of the sensor when taking measurements did not influence sensor values for the Crop
Circle and OptRx sensors. Greenseeker measurements were more different between N-sufficient
and N-deficient wheat when measured from 20 inches than when measured from 40 inches. The
quality of the relationship was similar (though possibly better for 20 inches), but the equation to
predict N need would depend on sensor height.



1  We conducted our first on-farm demonstration of variable-rate N application based on crop

sensors in 2012. OptRx sensors were mounted on
the dribble UAN applicator of Mel Gerber, who farms
near Versailles, MO, and the Ag Leader program for
doing sensor-based N in his Integra controller was
used. We found that the parameter input values for
this program had to be modified to give N rates that
agreed with his judgement and mine, but once we
found the right combination of parameter values the
variable-rate application went well. The whole field
received variable-rate N, except for two strips near
the west end where Mel 6s
N/acre) was applied. These strips appear as solid
green in the application map above.

L4
-

—_

N rate, Ib/acre
0-32
®33-61
©62-74
® 75-84

i In the variable-rate N strips between the two green strips, and on either side of the green strips,
average N rate applied was 79 |Ib N/acre. The sensors increased N rate in some parts of the strip

and decreased N rate in others.

1  The variable-rate strips out-yielded the adjacent constant-rate strips by 2.3 bushels/acre.

o] With wheat prices at around $8/bushel, this yield increase is worth about $18/acre.

o] All three strips with sensor-based N rates gave higher yields than either strip with constant-
rate N.

o] The extra N applied using the sensors, at $0.75/Ib N, cost about $6/acre.

o] The sensors appeared to increase profit by $12/acre. With the limited number of

observations in this test, this should be considered as a preliminary result.



Timing and source of nitrogen for corn

Peter Scharf, Larry Mueller, and David Kleinsorge
University of Missouri, Plant Sciences Division

Objective:
Measure the yield impact of a range of nitrogen fertilizer application times for a range of nitrogen
sources.

Accomplishments for 2012:

T

Equipment acquisition, setup, and testing has been completed. We already had equipment
available for the dry and liquid fertilizer applications, but needed equipment that would
accurately apply anhydrous ammonia with and without N-Serve.

o0  Built a 5-knife toolbar for applying anhydrous ammonia.

0 Acquired a Raven 440
controller and Raven
Accuflow ammonia control
system (cooler, flowmeter,
control valve, shutoff valve).

0 Assembled the ammonia
control system.

o Acquired a Sidekick
injection pump (for N-Serve)
and mounted it on the
ammonia toolbar.

o Calibrated and tested
system.

The experimental design
was developed, and the experiment was laid out at Bradford Farm near Columbia. Soybean
was the previous crop.

o This farm has claypan soils representative of the grain-producing claypan soils that are
found across much of the northeast quarter of Missouri.
0 The experiment has 5 replications.

Experimental treatments will be N timing and N source combinations as shown in the table

below.

o October anhydrous ammonia treatments have been applied, with and without N-Serve.

o December anhydrous ammonia treatments have been applied, with and without N-Serve.
o All aspects of this project are on track with the timeline given in the proposal.

)l



; NH; NH; Ammonium | Urea Urea UAN UAN ESN
with Nitrate with Injected dribbled coated
October X X
December X X
February X X X X X X X X
March X X X X X X X X
April X X X X X X X X
Knee-high X X X X X X X
Waist-high X X

1  Nitrogen rate for all treatments will be 140 Ib N/acre. This rate is usually sufficient under
Missouri conditions, but not enough to mask N losses that may occur.

Budget for 2013 (as given in original proposal):
Research Specialist salary

Benefits

Field supplies and fuel

$20,000

5,000
1,000

Total year 2

$26,000
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Nitrogen Fertilizer Management of Temporarily Flooded Soils to Improve Corn Production and
Reduce Environmental N Loss

Brendan ZurwellerDept. of Soil, Environ. and Atmos. Sci, University of Missouri
Peter Motavalli, Dept. of Solil,iiviron. and Atmos. Sci, University of Missouri
Kelly Nelson, Plant Sciences Division, University of Missouri, Greenley Center
Ranjith Udawatta, Dept. of Soil, Envirom@Atmos. Sci, University of Missouri

Accomplishments for Second Year:

Research wasontinued in 2013 with the objectivesddtermininghe effects of floodinglurations
on corn(Zea maysL.) growth and N use efficiency (NUE3ssessg the use of different N sources
including PCU nitrification inhibitor and a poslood rescue N feitizer treatment; and evaluatirige
economic costs and benefits of using these fertilizer sources under different flooding conditeserall
goal of this research is the development of an economically profitable N fertilizer strategy for batidpre
postflood conditions that will increase corn production and decrease environmental N loss.

This field trial was continued in 2013 at the
Northeast Missouri. The specific field chosen was adjacethte field used in the 2012 growing seasdwil
classification for the field is a Putnam silt loam (fine, smectitic, mesic Vertic Albaquaditsamples were
collected in increments of, 48, and 812 inch depths beforgre-plantfertilizer application and
incorporation to characterize initial soil conditidff@ble 1).Some differences in pifertilization soil
characteristics compared to the 2012 growing season were lowang@lgreater inorganic N concentrations.
This could possibly be due tegidual N from the exceptionally dry growing season of 2012. These inorganic
N concentrations also increase with depth suggesting higher than normal N concentrations might be presen
below the sampling depth.

The field was separated into 15 by 100 fdetgofsix 30inch rows of DEKA.B 62-97VT3 planted
at 32000 seedacreon 14 May Nitrogen fertilizer treatments of a control (CO) and 150 lkecké of wea
(NCU), urea plus nitrapyrin nitrification inhibitor (NCU + NI) @$erv€, Dow AgroSciences, Indnapolis,
Indiana), and polymecoated urea (PCU) (ESNAgrium, Inc., Calgary, Alberta). All fertilizer N treatments
were incorporated immediately after applicatwith a cultivator The experimental desigmasa
randomizeccomplete block with a spidplit plot arrangement replicated three times

Since no flooding treatment effect occurred during the 2012 growing season, an extended flooding
duration treatment of 7 days was added to replace the 2 day treatment. Therefore, flooding durations impos
in 2013 were 0, 1, 3, and 7 days at the V6 corn growth stage on 18slngeemporarysoil levees to
surround each flooding blodkig. 1).Levees wergemovedo allow ponded water to escape after
intendedflooding duratiorhadceasedOn 8 Julya rescueN fertilizer application of 75 Ibs Kicre ofurea
plus NBPT (N(n-butyl) thiophosphoric triamide) urease inhibitor (N@&WI) at 1 gal/ton was applied to
half of each prelantfertilizer treatment (Agrotaify Koch Agronomic Services, Wichita, Kansas)

Following the rescue applicati@achl5 by 100 foofertilizer treatment was split intwvo 15 by 50 foot

plots, one bimg with the rescue application plus urease inhikatwithe othemwithout the rescue application.
The 2013escue application of 78s Nacre wasonsistent to the amouappliedin 2012 for areconomical
optimal N rate for yield response at corn growth stage V10 determined from SPAD 502 chlorophyll meter
readings (Konica Minolta, Hong Kong) (Schatfal, 2006).

Chlorophyll conént was measured in all plots after the 7 day flooding treatment had ended to assess
any impacts of prplant N treatments and flooding stress on corn plants (Fig. 2)pl&nefertilizer



treatments of NCU+NI and PCU had significantly higher chloropdoitent than the nefertilized pre

plant treatment of 5.5 and 4.2 SPAD units, respectively. There were no significant chlorophyll content
differences among the ndertilized and NCU treatments. Urea, NCU+NI, and PCU had significantly

greater chlorophyitontent compared to the ndertilized preplant treatment when 3 and 7 days of flooding
occurred. Chlorophyll content also generally decreased as flooding durations increased fqplatitpye
treatments. There were no statistically significant diffeesrbetween pyglant N treatments with a 7 day
flooding duration. These results suggest that flooding can temporarily decrease the amount of leaf
chlorophyll measured using the SPAD meter. A possible explanation for this result could be due t@ soil NO
loss with flooding, and less corn N uptake since oxygen depleted soils can result in a decrease in plant
transpiration.

Corn grain yields werdetermined on 23 Segtom the total row length of the two center rows from
each N treatmenthere was an efféof flooding duration on the grain yield in 2013 (Fig. 3). Significant
yield reductions of 15.7 and 44.6 bushels/acaurred as a result of 3 and 7 days of flooding, respectively,
when compared to the ndlooded control. An average loss of 6.6 buslaals# occurred with each day of
flooding. No effect of prglant or rescue N plus a urease inhibitor occurred on grain yield for the 2013
growing season. The lack of corn grain response to N fertilizer treatments could possibly be due to the
combinationof esi dual soi l N in the soil profile deepe
conditions during the seddling period (Fig. 4).

Corn silage N uptake was measured when corn plants reached physiological maturity (Fig. 5). As wa
observed withhe decrease in grain yield with increased flooding duration, silage N uptake significantly
declined with 3 and 7 days of flooding when compared to thelooded control. There was also
significantly lower silage N uptake when comparing the 7 day flooefegt to 1 and 3 days of flooding. A
significant increase in silage N uptake of 17.4 pounds/acre did occur with the rescue N plus urease inhibitor
application.

Preplant N and flooding treatments had an effect on grain quality (Fig. 6 A & B and 7po&ksny
duration increased the concentration of grain protein decreased. All thipleupr&l treatments had greater
protein concentration than the ntartilized preplant N treatment with nrlooding and 1 day of flooding.
After 3 days of flooding, PCldad 0.25 % more protein content than the-festilized preplant treatment.
In contrast to the protein content, extractable starch and oil content generally increased as flooding duration
increased.

Soil samples were collectédm the 0-4, 48, and 812 inch depth$rom preplantN fertilizer
treatmentdefore (18 June) and after the temporary flooding e\@nlsly)and analyzed for soil inorganic
N (ammoniumN and nitrateN) (Fig. 8 A & B, 9, and 10). Prior to flooding, PCU and NCU+id 3.6 and
2.8 more pounds of NIi-N per acre, respectively, than the NCU-ptant N treatment at a depth ofl2
inches (Fig 8A). After flooding, PCU maintained significantly greatel’-N than all other prglant N
treatments at a depth ofl@ inches (Fig. 9). Niaite content prior to flooding was significantly greater for all
pre-plant N treatments in comparison to the +ertilized N control (Fig 8B). Soil samples collected after
the temporary flooding durations and analyzed forN® showed that when no floadj occurred the PCU
and NCU+NI treatments had 51.3 and 47.1 more pounds/acre oiN\€spectively, than NCU (Fig. 10).
Significant losses of soil NO-N occurred even after 1 day of flooding especially withRi&J) and
NCU+NI-treated soils which haditially higher soil NQ" N concentrations compared to the control and
NCU treatments when no flooding occurred (Fig. 10).

Soil samples were also collected from-ptant N fertilizer treatments with and without rescue N
plus urease inhibitor treatmeritdlowing corn grain harvest and analyzed for J4Ml and NQ™-N (Fig. 11
A & B). Polymercoated urea maintained the highest soil, NN and NQ'-N content of the prglant N



fertilizer applications that received the rescue N application plus ureaseanhdmth the PCU and
NCU+NI treatments had greater BIEN content than the NCU treatment when comparing thelam N
treatments without the rescue N application.

QOutreach and Training:

A M.S. graduate student in soil science at the University ofdis has been involved in workimg
this project as part of hibesis The fiist year research results wemesenteds an oral presentation to
growers and gricultural professionalby the M.S. student at the 2013 Greenley Center Field Day in
Northeat Missouri.The first and second year results were presented in a poster by the M.S. graduate studer
at the American Society of Agronomy (ASA) annual meetings, and at the North Central Extadsistny
Soil Fertility Conference. The student receivadaavard for his poster presentation at the ASA Meetings
and was honored at the North Central Extension Conference as the outstanding soil fertility graduate studer
from the state of Missouri.

Objectives for Year 3:

The objectives for the thirgear ofthis reseech will be similar to the secongkar. These objectives
are:

1. To collect information to assess changemarganicsoil N and corn grain yield response due to
different soll saturation durations among enhanced efficiency products with diesefe

2. To evaluate the ability of aseue N application ofrea plus NBPT to increase grain yields
following soil saturation durations at late corn growth stage of V10.

3. To calalate the coseffectiveness over three site yearsising enhanced efiency products of
polymer coated urea and the nitrification inhibitor nitrapyrin with urea under different durations
of soil saturation.

The field stug will be repeated for a thirgear to assess variation in climate on corn response to
enhanced efficiasy N fertilizers and rescue N application followisgil saturation periods of 0, 1, 3, and 7
days An economic analysis will be included using fluctuations in fertilizer and enhaffaaeney prices
between the thregears to determine whether use ofi@nced efficiency products and a rescue application of
N are cost effective aft€, 1, 3, and 7 daysf soil saturations.



Table 1. Soil testcollected prior to prglant fertilizationfor the 2013ield study site athe
Greenley Researdbenter averaged over three replications by soil depth

Bray Exch. Exch. Exch. NOs - NH,

Depth pHs NA oM 1P Ca Mg K CEC B.D. N -N
inches meq/100g -%- --------------- Ibs/acre---------------- meg/100 g g/cn?  -- Ibs N/acre-
0-4 54 3.7 2.8 74.3 3302 343 391 13.9 1.11 11.3 3.7
4-8 5.9 2.5 2.0 240 3885 380 197 14.0 1.30 13.9 3.9
8-12 5.2 4.7 1.8 13.0 3793 490 210 16.5 1.26 181 43

AAbbr evi a teitralimble Acitith OM, Rrganic MatterP, Brayl PhosphorusExch. Ca, Exchangeabl€alcium
Exch Mg, Exchangeable Magnesiugxch.K, Exchangeable Potassiy@EC, Catim Exchange Capacity; B.D, Bulk Density;

NO; “-N, Nitrate Nitrogen; NH* -N, Ammonium Nitrogen
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Figure 1. Flooding treatmnts on 11 July, 2013 which was 16 dys afterdbg flooding
treatment was drained.
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Figure 5 A&B. Average plant N uptake physiological maturity comparing plants that
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Figure8 A & B. Average(A) NH,"-N (A) and(B) NO3'N to a depth of 12 inches with different
pre-plant fertilizer applications. Sampling occurred prior to flooding on 17 June, 2013.
(Abbreviations: CO, ControNCU, Urea; NCU + NIUrea + nitrification inhibitor;

PCU, polymer coated urea; LSD, least significant differenée<a0.10).
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Figure11l A&B. Average(A) NH,"-N and(B) NO3'-N to a depth of 12 inches designated by pre

least

plant fertilizer applications with angithout rescue N application plus urease inhibitor.
Sampling date occurred after harvest on 10 October, 2013. (Abbrevi&@ion€ontrol;
NCU, Urea; NCU + NI, Urea + nitrification inhibitor; PCU, polymer coateea; LSD,

significant difference @< 0.10).



Proposed Budgefor Year Three:

YEAR
CATEGORIES THREE

A. Salaries
M.S. Research Assistant (50%) $17,745

B. Fringe Benefits

Fringe for graduate student $2,548
TOTAL SALARIES AND

FRINGE BENEFITS $20,293
C. Travel

Travel to field site $672
Travel to professional meeting $1,000
TOTAL TRAVEL COSTS $1,672
D. Equipment $0
TOTAL EQUIPMENT

COSTS $0

E. Other Direct Costs
Laboratory reagents and supplii ~ $2,000

Field supplies $2,000
Soil analysis $500
Publications/Documentation $500
TOTAL OTHER DIRECT

COSTS $5,000
TOTAL REQUEST $26,965
Justification:

Salaries and Fringe Benefits: Funds are requested for support of a graduate research assistant
(50% time) based on set rates at the University of Missoumgé&ibenefits for the graduate
student cover the cost of health insurance.

Travel: Covers cost of travel to Greenley Farm and to farm site at a rate of 48 ¢/mile. In the
second year, $1,000 and in the third year $1,000 are requested to cover eost aiil board
for one researcher to attend a professional conference for presentation of results.

Laboratory Reagents and Supplies: Covers cost of laboratory reagents, sample containers, and
other materials used in soil and plant tissue analyses.

Field Supplies: Cost of fertilizer, seed, plot preparation, planting, weed control and harvesting,
soil samplers, flags, pots and other field supplies and operations.

Soil Analysis: Covers cost of drying, grinding and analysis of soil samples at the Unieérsity
Missouri Soil and Plant Testing Laboratory.

Publications/Documentation: Defrays cost of publication and documentation of results and
conclusions.



Sensor-based variable rate N: Long-term performance in corn and cotton

Peter Scharf, Vicky Hubbard, Larry Mueller, David Kleinsorge, Andrea Jones, and David Dunn
University of Missouri, Plant Sciences Division

Objective:

The objective of this project is to evaluate long-term performance of sensor-based
variable N rate recommendations for corn and cotton. Sensor-based N management is
compared with typical producer N management and with other N rate decision systems.

Accomplishments for 2013:

A Although this project was to be completed in 2012, we continued it into 2013 due to
the accidental omission of the cotton experiment in 2012.

A We had committed to running the corn experiment for an additional year to make up
for the missing 2012 cotton experiment, but ended up running both the corn and
cotton experiments again in 2013.

A Two small-plot corn experiments were conducted as planned at Bradford Farm near
Columbia.

A One small-plot cotton experiment was conducted as planned at the University of
Missouri Delta Center near Portageville.

A Both the corn and cotton experiments were located on the same area for the duration
of the experiment, with the same treatments applied to the same plots each year
(except for 2012 cotton which was managed uniformly over the experimental area).

Sensor-based variable rate N: Long-term performance in corn

Experiment 1: Long-term impact of nitrogen rate recommendation systems

¢ 2013 is the 7™ year of this study, with each plot getting the same N timing and N rate
decision system every year.

o Four of the treatments are fixed preplant N rates: 0, 100, 140, and 180 Ib N/ac

0 The 140 Ib N/acre rate is the MRTN (Maximum Return to Nitrogen) rate for
Missouri and is also the Univ. of Missouri N rec for 135 bushel corn with 2.8%
soil organic matter

o A fifth preplant N treatment has the 140 Ib N/acre rate as a base, with soil
nitrate credits subtracted based on a 2-foot soil nitrate sample

o0 Three treatments have N applied sidedress; rates are based on:

A Sidedress soil nitrate test (lowa State University interpretation)

A Chlorophyll meter (University of Missouri interpretation)

A Crop Circle 210 canopy sensor (University of Missouri interpretation)
o All treatments are surface-applied ammonium nitrate



¢, This experiment is conducted in continuous no-till corn to magnify the effects of any
problems related to N management.

¢, This experiment received high rainfall from March through May, but then June
through September were fairly dry.

¢, The experiment was planted on May 15, which was the first date on which suitable
planting conditions occurred.

o

Four irrigations totaling about 4 inches were applied with a linear-move irrigation

system from July 26 to August 30 to compensate for low rainfall and depleted soil
moisture during this period.

¢, Due to late planting and a cool summer, grain fill remained very active into late

August.
2013° 2007-13*°
. Yield value 2 , | Ave: Yield
Nitrogen N 2013 2013 200713 | 200713 value
Minus N Minus N
Recommendation timing N Rates Yield cost Avg. rate | Avg. Yield cost
System Stagé Ib/ac bu/ac $/ac Ib/ac bu/ac $/ac
Chlorophyll meter V7 167 213 775 168 146 516
193, 164, 175,
Crop Circle sensol V7 156, 180, 178| 207 745 153 142 509
avg rate = 17
Sidedress soil testt V7 132 196 724 123 132 486
High Preplant 180 126 408 180 100 322
Yield goal/ MRTN | Preplant 140 101 331 140 87 294
Preplant soil test | Preplant 140 94 303 136 85 290
Low Preplant 100 72 235 100 74 265
Check Preplant 0 51 210 0 46 198
Least significant
difference (95% 5 12.5 52 1.3 6 24

confidence)

! Growth stage V7 is about knee high corn
22011 data was not included due to insufficient stand count and uniforamityhail damage
*Partial profit analysis based on rrilzec. 208 prices. Cora$ 4.10/bu. Nitrogen ost- $ 0.60/b.

¢, Yields were very high in all three treatments receiving a single application of N when
corn was knee-high, with treatment average yields ranging from 196 to 213

bushels/acre.

¢, The sidedress soil nitrate test, interpreted according to lowa State University
guidelines, gave lower N rate recommendations than the color-based (chlorophyll
meter and Crop Circle sensor) systems, resulting in significantly lower yield in 2013
(99% confidence by linear contrast).

¢, The best preplant N treatment, 180 Ib N/acre, produced a yield that was 79




bushels/acre below the average yield for the three sidedress N treatments. Clearly a
great deal of preplant-applied N was lost in this experiment in 2013.

¢, Lower preplant N rates produced significantly lower yields and partial profits than the
180 Ib N/acre preplant rate.

¢, Treatments in the table above are ordered based on profitability for the period
2007-2013.

o This order is the same for 2013 as for the entire period.

¢, For this period, the two systems based on crop color to guide sidedress N rate
out-performed the best preplant system (180 Ib N rate) by nearly
$200/acrelyear.

0 They produced 42-46 bushels more corn with 10-30 Ib less N than the 180 Ib
N/acre preplant treatment.

o This was mainly due to serious N loss with preplant N applications during the
wet springs of 2008-2010 and 2013.

o The difference was considerably larger than this when calculated with the
higher corn prices seen in recent years (for the values in the table, we used
$4.10/bushel as a current price and applied that value to all years).

¢, The color-based systems for choosing sidedress N rate also out-performed the soil
test system for choosing sidedress N rate by $23-30/acre.

o0 This was due to under-recommendation by the sidedress soil test system in
2007, 2010, and 2013, resulting in lower yields.

¢, Based on results from 2007-2013, long-term performance of sensor-
based variable-rate N in corn appears to be good.

¢, Our motivation for starting this experiment was the concern that using diagnostic
systems to apply just enough N each year might, over a period of years, deplete the
soil 6s productive capacity. This has <cl ear |l

Experiment 2: Effect of pre-plant nitrogen on sensor-based N rate performance

¢, Experiment 2 is designed to complement Experiment 1 and address concerns that
sidedress systems with no N applied preplant may cost yield.

A2013 is the fourth year for this experiment.
AThree of the four treatments in Experiment 2 are shared with Experiment 1.

AThe key treatment is 50 Ib N/ac applied pre-plant, followed by sidedress N at
rates diagnosed by the Crop Circle sensor.

0 Results from this treatment can be compared to pre-plant N
management (140 and 180 Ib N rates) and sensor-based sidedress
with no N pre-plant to evaluate its relative performance.

0 Any serious N stress experienced with the sidedress-only sensor-
based treatments should be avoided.



¢, Itis right next to Experiment 1, so soils and weather are very similar. Seed,
herbicide, planting date, and application dates are identical to Experiment 1.
Experiment 2 received the same supplemental irrigation (total about 4 inches) in
2013 as Experiment 1.

¢, Yields with in-season N were excellent, topping 200 bushels/acre.

¢, Lack of N applied at planting did not reduce yield in the treatment with all N
applied sidedress based on Crop Circle sensor measurements.

¢ This is despite extreme wetness before and after planting that led to N loss and
poor yields in the preplant N treatments. Soil N supply was likely very limited
during early growth, but this did not result in reduced yield.

¢, Bothin 2013 and over the 4 years of the study, total N rates based on the Crop Circle
sensor and University of Missouri equations were similar regardless of whether
preplant N rate was 0 or 50.

o This indicates that the sensors were able to sense the effect of the 50 Ib
preplant N rate on crop color and adjust sidedress rates downward in
compensation.

¢, Over the 4 years of this study, there has been no indication that sensor-based
N rate recommendations perform better with preplant N than without.

¢, Over 4 years, sensor-based N management out-yielded the best preplant N
management by about 18 bushels/acre/year and gave about $74/acre/year
higher profit (see table below).

o This is due to higher yields with sensor-based N management than preplant N
management in both 2010 and 2013.

o Yield differences between treatments were minimal or non-existent in 2011 &
2012.

0 Average N savings over the 3-year period were about 30 Ib N/acre for the two
sensor-based N systems while still producing 18 bushels higher yield than the
most profitable preplant N system.

¢, Yields with preplant N were far below those with in-season N, but were 20 to 35
bushels/acre higher than the same treatments in experiment 1. This may be due to
the N loss that occurred in these treatments in experiment 1 in 2008 and 2009,
leading to low yields and possibly depletion of soil organic N and C pools.
Experiment 2 did not begin until 2010 and was cropped to soybean in both 2008 and
20009.



2013° 201013%°
: Yield value 2 2 Ave. Yield
Nitrogen N 2013 2013 201013° | 201013 value
Minus N Minus N
Recommendation timing N Rates Yield cost Avg. rate | Avg. Yield cost
System Stage Ib/ac bu/ac $lac Ib/ac bu/ac $lac
Crop Circle sensol
0N preplant V7 197 203 714 143 123 480
Crop Circle sensol
50 N preplant V7 201 204 718 155 124 478
High Preplant 180 160 548 180 106 405
Yield goal/ MRTN | Preplant 140 122 416 140 92 357
Least significant
difference (95% 18 13 57 16 9 40
confidencé

! Growth stage V7 is about knee high corn
22011 data was not included due to insufficient stand count and uniforamityhail damage.
®Partial profit analysis based on riitkc. 208 prices. Cora$ 4.10/bu. Nitrogen cost $ 0.60/b.

Sensor-based variable rate N: Long-term performance in cotton

¢, Yields in 2013 were a little below yields from previous years, but were still quite good,
with an average of 1152 |b lint/acre.

¢, Yield in the zero-N (check) treatment was higher-yielding numerically than any other
treatment in 2013.
¢, Little yield response to N fertilizer was seen over the 3-year study. This silt loam soil
appears to be high in N-supplying ability.
A Average yield for all treatments receiving N was only about 50 Ib lint/acre above
the unfertilized check.
A Thus little N fertilizer was needed to optimize yield.
A Any of the N treatments should have been able to supply enough N to the crop to
produce a response of this size.
¢, The crop sensors did a good job of diagnosing that soil N supply was high and
N fertilizer need was low.
A Average N rate recommended by crop sensors was only 24 Ib N/acre when zero
N was applied preplant, and 22 Ib N/acre when 30 Ib N was applied preplant.
¢, The two sensor-based N decision systems ended up near the top of the profitability
(cotton yield value minus nitrogen cost) list because they produced equal yields with
less N.
A Both sensor-based N rate systems were significantly more profitable than
the high N rate.
A The 60-20 split recommended by the University of Missouri also was significantly




more profitable than the high N rate.
¢, With the low yield response to N observed in this test, the performance of different
recommendation systems in correctly diagnosing high N need was not tested.

¢, When soll is supplying a lot of N, and little fertilizer N is needed, there is potential for
N applications to hurt yields, quality, or harvestability. However, we did not see any
evidence that N over-application caused problems with yield or quality in any
year. Significant differences in quality parameters were rare.



'PP=pre-plant ES=early square stage MS= mid-square stage (about 10 days after early square stage)

Table 3. Nitrogen rates recommended and cotton yields produced by different recommendation systems in 2010, 2011, & 2013.

2013 Nitrogen Rate 2013 2013 Yield 3 yr Avg.
Nitrogen Ibs. N/ac Total value 3yr. Yield value
Recommgndation @ Nitrogen 2013 minus Avg. 3yr Avg. minus
s Each timing Rates Yield? N Cost®* N rate Yield® N Cost®*
ystem
1 1 1
PP™ | ES MS Ib/ac Ib/ac $lac Ib/ac Ib/ac $lac
Soil Test 60 20 0 80 1200 1027 AB 80 1285 1108 A
20, 34, 27
Sensor® 0 0 22,22,10 23 1136 1014 B 24 1238 1100 A
Avg. rate = 23

Sensor with 21,24, 19

5 30 0 34,28, 8 52 1200 1045 AB 52 1243 1088 A
Pre-plant N _

Avg. rate = 22

Petiole nitrate test 50 0 0 50 1173 1032 AB 51 1224 1071 AB
Check 0 0 0 0 1202 1095 A 0 1187 1068 AB
Standard 50 50 0 100 1060 914 C 100 1249 1064 AB
Low 20 50 0 70 1127 989 B 70 1223 1059 AB
High 50 80 0 130 1081 872 C 130 1214 1015 B

2 Analysis of variance did not show a significant yield difference due to N treatment either in 2013 or over the three years combined.
3Values within a column that are followed by a shared letter are not statistically different from one another with 90% confidence.
* Yield value calculated using $0.90/Ib cotton lint; N cost calculated using $5.00/ac cost for 2" N application and $0.60/Ib N.

°A different N rate was applied in each of 6 replications for this treatment. It is feasible to use this sensor to change N rate. automatically while
fertilizing a field, and we felt that this ability would be most accurately reflected by diagnosing N rate for each plot separately.



Timing and source of nitrogen for corn

Peter Scharf, University of Missouri, Plant Sciences Division

Objective:

Measure the yield impact of a range of nitrogen fertilizer application times for a range
of nitrogen sources.

Accomplishments for 2013:

1 Nitrogen fertilizer treatments were applied according to plan starting with anhydrous
ammonia (with and without N-Serve) in October 2012 and concluding with broadcast
urea (with and without Agrotain) in July 2013 (see table).

: NH; NH; Ammonium | Urea Urea UAN UAN ESN
with Nitrate with Injected dribbled coated
October X X
December X X
February X X X X X X X X
March X X X X X X X X
April X X X X X X X X
Knee-high X X X X X X X
Waist-high X X

1 A total of 38 N timing & source treatments (the 37 shown above, plus a
treatment that received no N fertilizer) were applied, with 5 replications for a

Accumuloted Precipitetion (in)
total of 190 plots. i Pracetoncs I,

1 Nitrogen rate for all treatments is 140 |b
N/acre made in a single application. This rate
is usually sufficient under Missouri conditions,
but not enough to mask N losses that may
occur.

1 Although conditions were extremely dry in fall
2012, with thoughts that carryover N from soll
and fertilizer might contribute to the 2013 corn
crop, heavy snowfall and rainfall from mid-
February through May resulted in wet soils
and N loss conditions. These conditions were
widespread across the corn belt
(crosshatched areas in map).

1 Conditions conducive to N loss meant that N
source and especially N timing had a



huge effect on corn yield in this
experiment.

1 Water availability limited yields despite early-season wetness. Rainfall from June 16
to the end of July was 2.36 inches.

1 Yield effects of N timing and source are shown in this graph:
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Statistically, N timing, N source, and the interaction of timing and source all affected
yield with 99.99% confidence.

Treatments planned for March were delayed to early April, and those planned for
April were delayed to mid-May due to excessively wet soils.



In general, the later N was applied, the more the corn yielded.

Anhydrous ammonia produced 63 bushels higher average yield applied in
April or May compared to October or December (which yielded barely higher

than the check receiving no N fertilizer).



1 Alldry and liquid N sources except ESN produced yields 30 to 48 bushels higher
when applied to knee-high corn than when applied in mid-May just before planting.
These N sources experienced massive loss between planting and uptake.

1 The two urea treatments (with and without Agrotain) applied to waist-high corn on
July 11 yielded on average 10 bushels more than the same N sources applied when
the corn was knee-high (and 50 bushels more than the same N sources applied in

May).

0 This is despite that fact that the saoil
surface was relatively dry when N
was applied (0.77 inches of rain in
the 2 weeks before application) and
little rain was received after
application (0.26 inches in 2 weeks).

0 This suggests that loss of urea N
occurred before uptake in June &
July even when applied to knee-high
corn.

1 The main exception to the rule that later N

produced higher yields is for anhydrous

ammonia applied to knee-
——‘*'L 5 ,‘- "

Poor slot sealing with sidedress
anhydrous ammonia applications led
to leakage, leaf burn, and low yields.

Wet soil conditions led to poor slot sealing
with sidedress anhydrous ammonia
applications.

high corn. Soil conditions were wet at the time of
application, resulting in poor slot sealing, leakage
of ammonia from the slot, and leaf burn in the
plots (see photos). Yields with sidedress
anhydrous ammonia were similar to yields with
October or December applications of anhydrous
ammonia, and to the check yield with no N
applied.

1 The other case where later applications
were associated with lower yields was for



. February vs early April applications of dry and liquid N (excepting ESN). The early April
applications received 2.6 inches of rain in the first 5 days after application, and
4.1 inches in the first 10 days. These heavy rains shortly after application may have served
to carry N away in surface runoff or into soil macropores where it leached below rooting
depth. ESN and anhydrous ammonia would be resistant to both of these loss processes,
and yields went up with these N sources going from a February to an April application.

1 Anhydrous ammonia and ESN were generally the highest-yielding N sources for
preplant N applications, whether in February, April, or May. Both of these sources are
more resistant to N loss during wet weather (as we had in 2013) than the other N sources.

1 Although anhydrous ammonia and ESN are the N sources most resistant to loss in wet
weather, and gave the highest yields of any source with pre-plant application, they did
not perform as well as in-season applications of N.

0 The highest-yielding preplant N treatment was anhydrous ammonia applied in May

0 Most N sources applied to knee-high or waist-high corn produced higher yields than
anhydrous ammonia applied just before planting in mid-May.

0 This suggests that even anhydrous ammonia and ESN applied the day before planting
in mid-May were lost before the critical uptake period (which would have been July
and the first half of August in 2013).

1 N-Serve did not appear
to give any yield benefit
when added to
anhydrous ammonia at
any timing. Given the
clear N losses associated
with early applications of
ammonia, there was an
opportunity for N-Serve to
reduce those losses.

With the October
application t
likely that the effect of N-
Serve does not last long
enough to be effective in
most years. However,
the December through
April application timings
would seem to have
provided an excellent Aerial photo of the experiment taken on July 12, 2013, the
opportunity for N-Serve day after urea treatments (with and without Agrotain) were
]‘0 result in reduced N applied to waist-high corn. Dark lines outline the
0ss and increased . . )
yield. experiment. Wide alleyways for turning were left between
replications. The light yellowish color of many plots
indicates inadequate N availability.




9 Agrotain did produce ayield benefit when added to surface-applied urea. The only
timing at which urea treated with Agrotain did not out-yield (numerically) untreated urea
was the February application. Averaged over all application timings, Agrotain gave an 8
bushel yield advantage (with 93% confidence).

1 Injection greatly improved the performance of UAN in this study compared to
dribble application. Average yield was 27 bushels higher over all timings. The reason
for the poor performance of dribbled UAN is not clear.

0 Ammonia volatilization losses should have been half of the loss from urea, thus a yield
penalty of 4 bushels (half of the Agrotain benefit) would be a reasonable estimate.

0 Previous crop was soybean with medium-low yields, thus the amount and quality of
residue on the surface would not be expected to lead to immobilization or tie-up of the
dribbled UAN.

9 For one N source & timing treatment (see graph) to be different than another with 95%
confidence, they must be (on average) 17 bushels different.

Budget for 2014 (as given in original proposal):

Research Specialist salary $20,000
Benefits 5,000
Field supplies and fuel 1,000

Total year 3 $26,00



2014

Timing and source of nitrogen for corn

Peter Scharf, University of Missouri, Plant Sciences Division

Objective:

Measure the yield impact of a range of nitrogen fertilizer application times for a
range of nitrogen sources.

Accomplishments for 2014:

T

Nitrogen fertilizer treatments were applied but the plan had to be altered due to the
severe and long winter. Treatments where injection of N into soil was planned for
December and February had to be postponed due to ground freezing to considerable
depth.

1 The anhydrous ammonia (with and without N-Serve) treatments planned for
December and February were instead applied on March 20 with the planned
March ammonia applications. This was the first date with soil conditions that
reasonably allowed injection of anhydrous ammonia.

1 Similarly, the injected UAN treatment planned for February had to be postponed,
and was applied March 20 with the planned March UAN injection treatment plots.

1 Broadcast treatments were completed in February as planned.

A total of 5 N timings & 8 N sources were used. Not all treatments were applied at all
times. Total number of treatments is 38, with 5 replications giving a total of 190 plots.

Nitrogen rate for all treatments is 140 |b N/acre made in a single application. This
rate is usually sufficient under Missouri conditions, but not enough to mask N losses
that may occur.

Corn was planted on May 3 with good conditions.
April and June were wet, with about 6.5" rainfall in each of those two months.
15" of rain fell in 2 days in early April; much of this probably ran off.

1 Rainfall in June was more even, though there was a 2.6" event on June 20-21.
June rainfall was probably high enough to cause numerous days with saturated
soils and loss of nitrate by denitrification.

It was an excellent cropping year and the best-yielding treatment (ammonium nitrate
broadcast on knee-high corn) produced a yield of 202 bushels/acre.

From July 14 to August 6 there was only 0.06" of rain or yields might have been even
higher.

Yield with no nitrogen applied was 98 bushels/acre.

Statistically (99.99% certainty), both N source and N timing had strong effects on
corn yield.

Effects of N source and N timing on corn yield are shown in the graph below.



1 There was little evidence (56% certainty) of any interaction between N source and N
timing this year.
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Figurel. Corn yield with different N application timings and N fertilizer sources in 2014.
Injected N (anhydrous ammonia and UAN) treatments planned for December andugepr
had to be delayed until March 20 due to frozen ground.

1 The most surprising outcome is the poor performance of anhydrous ammonia at
all application times.

0 Rate of anhydrous ammonia was controlled by a metering system (flow
meter and ball valve operated by a Raven controller to hit the target
application rate) (Figure 2) so iIitodés wun
intended.

o There is a 100 foot buffer between plots. We start anhydrous ammonia
application 100 feet before entering the plot to allow the application



T

T

system to equilibrate, helping to ensure that flow rate is steady and at the
intended rate.

o Soil conditions were also good at all application times. We did not expect
problems due to questionable closure of the application slot.

0 In short we do not have
any explanation for the
poor yields obtained
with anhydrous
ammonia in this
experiment in 2014. In
past research,
anhydrous ammonia
has generally produced
excellent yields.

Unlike 2013, we got a yield
response of 10 bu/acre to
adding N-Serve to anhydrous
ammonia. The yield response was consistent across all timings (October, March,
and April). N-Serve was injected with a Sidekick injection pump (Figure 2).
Although the spring was not exceptionally wet, it was apparently wet enough to
cause substantial loss of early-applied N.

o For all N fertilizers other than anhydrous ammonia, corn yield increased as
N application timing went from February to March to April (Figure 1).

0 Average yield for dry and liquid N fertilizers was:

A 153 bushels/acre in February
A 170 bushels/acre in March

A 182 bushels/acre in April

A 184 bushels/acre in June

o Early (February or March) application of N fertilizer came with a
substantial yield penalty in 2014.

o Delaying N application from April until June had mixed resultsd yield went
up for ammonium nitrate and ESN, down for dribbled UAN, and did not
change for urea, urea + Agrotain, and injected UAN. All June treatments
were applied on June 3, and then 6.5 inches of rain fell during the rest of
Juned as a result there may have been N loss even from the June-applied
treatments.

Ammonium nitrate gave statistically (95% confidence) higher yields (averaged
over timing) than all other nitrogen fertilizers in this experiment except for urea +
Agrotain.

o Ammonium nitrate applied in June gave a yield of 202 bushels/acre, which
was higher than all other yields with 90% confidence except for
ammonium nitrate applied in April (191 bu/acre).

Figure2. Cold flow unit, flow meter, and control
valve used to apply anhydrous ammonia treatmen

Agrotain as a urea treatment did not give a significant yield increase averaged
over all timings.



0 Yield increase due to Agrotain was observed only in Februaryd 20
bushels/acre with 96% confidence.

1 UAN dribbled gave statistically (95% confidence) lower yields (averaged over
timing) than all other dry and liquid nitrogen fertilizers in this experiment.

0 The experiment was established no-till into soybean stubble. There is
some chance that dribbled UAN was tied up on soybean stubble.

1 2015 experiments are well under way, with October anhydrous ammonia
applications completed. December applications have been postponed due to wet
soil conditions right up until the soil froze.

o Plots are in the exact same locations as 2013.

o No-till soybean was grown in this area in 2014.
July treatments are omitted from this report. Only broadcast urea and urea + Agrotain
treatments were planned for July. The application of these treatments is recorded on
the calendar as July 2, but yields from these plots were not different than the unfertilized
plots. Given past excellent yields in many experiments with July N applications, good
soil moisture at that time, and no observed difference in yield from the unfertilized plots,
the chance that we accidentally failed to apply



Use of Nitrogen Fertilizer Sources to Enhance Tolerance and Recovery of
New Corn Hybrids to Excessive Soil Moisture

Gurpreet KaurDept. of Soil, Environ. and Atmos. Sci, University of Missouri
Peter Motavalli, Dept. of Soil, Environ. and Atmos. Sci, University of Missouri
Kelly Nelson,Division of Plant Science&Jniversity of Missouri, Greenley Center
Felix Fritschi,Division of Plant Sciencg University of Missouri

Accomplishments for Secondrear:

The research wasitiatedin 2013and continued for a second year in 2@d 4levelop a
combination of N fertilizer management and hybrid selectiomgfowers to increase corn
production and reduce environmental N loss under temporary soil waterl@ygirtg evaluate
the efficiency of rescue N application in increasing yields under flooded soil conditions.

A field experiment was continued for a sedoyear in 2014t the University of Missouri
GreenleyResearch Centém Northeast MissouriThe specific field chosen was adjacent to the
field location used in 2013he experimental fielvas underlain by Rutnam silt loam soll
(fine, smectitic, mesi¥ertic Albaqualfs).Initial soil samples were collected depths of &, 4-8
and 812 inchedefore fertilizer application and planting (Table 1). The experimeletsignwas
arandomized sphsplit-split block with 3 replications. Each block was dividetb two main
plots which includd flooding treatments of 0 and 7 days accomplished by setting up berms and
use of supplemental flood irrigation after the V3 stage of corn. The flood was initiatef on
May 2014 and ended on 23th May 20T#he subplotgonsisedof N fertilizer treatments of a
control or150 IbN/acreas preplantappliedurea (NCU) polymercoated urea (PCU; ESN
Agrium, Inc), andurea plus a nitrification inhibitor (NCU+NI)r{stinc®, Dow AgroSciences)
and two corn hybrids. The twam hybrids Hybrid #1andHybrid #2 were selected based on
the results of the greenhouse screening trial to provide one hybrid that showed tolerance and
another that was less tolerant to flooded soil conditibhese subplots measdr#0 x 80 ft and
row spacing was 30 inched'here were 4 rows of corn in easiibplot After the flooding
treatment, the subp®weredivided into twopartsof 40 ftlength and onef themwas treated
with 75 1b N/acreof arescuepostflood broadcast application afea pls NBPT (N-(n-butyl)
thiophosphoric triamide)rease inhibitor (1 gal/ton ureagrotain®, Koch Agronomic Services)
while the other subplot did not receive any additionaCbrn was harvested d9 September,
2014for determininggrain yield.

Soil conditons during the floodingveremeasured by determination of changes in soil
redox potential (B, soil pH, soil temperature and bulk density at the soil surfacesdihredox
potential decreaseds the durgon of flooding increased from 475 mV to 169 ndicating that
the soil was being depleted of oxygeFhe soil redox potential was significantly differenttbie
1% 39 and6™ dayduring flooding (Table2). Soil pH during flooding ranged from 5.6 to 6.1. The
soil pH was significantly different omé £'and 3 day of flooding.Soil temperature was
significantlylowerin flooded versusion-flooded treatments (Tablg.3he nonflooded
treatments had 1% higher temperatures than the flooded treatments. The soil temperature also
varied significany with each day of flooding (Table 3). Bulk density samples were taken before



and after 7 days of floodingighificant differences were observed in bulk denaityong

different depths, but no effect of flooding duration was detected (Table 4). It haesected
that flooding might cause dispersion of soil aggregates in the soil surface which could affect
subsequent crop growth. The bulk density was highest inghi@eh depth compared to that of
the 04 and 812 inch depths before flooding but affleroding, the highest bulk density was in
the 8 12 inch depth (Table 4).

Soil samples were collected from Bllitreatmentdefore and after flooding as well as
after harvest at the end of seasbinese samples were taken frord,04-8 and 812 inch defts.
These samples were analyzed for soil inorganic N (ammonium and nitrate N). Bfittodre
and posflood nitrate and ammonium N were significantly higher at t4eiich depth compared
to the 48 inch depth (Figure 1 A and B). The gleod soil nitrae N was not affected by
different N treatments and flooding duration. The gtegid nitrate N was significantly affected
by flooding duration, fertilizer treatments and depths. The-fhastl nitrate N in the NCU+NI
treatment was significantly lower conmed to that of the PCU and urea treatments, but similar to
that of the control. The neilooded treatments had 68% higher soil nitrate N compared to that
of flooded treatments. The pefftod ammonium N was significantly affected by different N
treatmentsnd soil depth, but no effect of flooding duration was observed. The PCU treatment
had higher soil ammonium N than that of the NCU+NI and control treatments.

Fertilizer packets oPCU weighinglO geachwere placedn the soil surfacbefore
fertilizer application inthe different treatments to evaluate PCU dissolutioe to flooding and
time. They were removed aightdifferent times as shown in FigureThe urea release was
significantly affected by the flooding duration and N treatments. The ftbvdatments had 5%
higher release of urea compared to-flonded treatments’he urea release from PCU was
greater in flooded plots compared to Fitooded treatments, with >60% releatsvo weeks after
flooding (Figure 2.

There was no significant effeof flooding duration on graigield during the relatively
wet growing season of 201Both hybridsdid not show any significant differences in grain yield
and, therefore the results that are shown are averaged over the two hybrids (Figure 3). Corn yield
was significantly affected by N fertilizer tr
previous year, rescue N treatments did not show grain yield response probably due to low rainfall
after application but in 2014 adequate rainfall did occarapplication. The average grain
yields for hybrid #1 and #2 were 208 and 215 bu/acre. The PCU treatment had 14% greater
yields compared to the control and NCU treatment when no rescue N was appligthdélost
rescue N applications of NCU+NI resultedlih bu/acre higher grain yield for hybrid #1. On
average, grain yield was decreased with rescue N application to treatments receiving NCU+NI,
whereas rescue N increased yield with othergbaat N treatments. The high yields observed in
the control treahent may be due to residual soil N from the previous year (Figure 3).

Outreach and Training:

A Ph.D. student in soil sciences being trained undehis projectfor her dissertation
researchThe results fronthefield trial werepresented to growers aadricultural professionals
atthe 2014Greenley Center Field Day in Northeast Missa@umil at the 2014 American Society
of Agronomy (ASA) National Meetings held in Long Beach, Californide Ph.D. student won




a prize for her poster presentation of tlesgarch at the ASA Meetings in the S4 Solil Fertility
Division. The research was also presented at the 2014 North Central Exdedsisiny Soll
Fertility Conference in Des Moines, lowa.

Obijectives for 2015year:

The field study will be repeated farthird year to evaluate climate variation on corn
yield in response to different flooding aNdreatments. The objectives fitre thirdyear of this
research will be same as otfiirst and secongears. The objectives fothe thirdyear will be:1)
evallwate a selection of new corn hybrids for tolerance to soil waterlogging at early growth stages,
2) assess the interactive effects of corn hybrid andaoe postwvaterlogging applications of
different N fertilizer sources (e.g., PCU and NI) on corn yialud NUE, 3) determine the
effects of the treatments and excessive soil moisture conditions on plant available soil inorganic
N during the growing season, and 4) evaluate the economic costs and benefits of using these
fertilizer sources under waterloggechddions.



Table 1. Initial selected soil properties tie study site athe Greenley ReseardBenter in Northeast

Missouri to a depth of 12 inches

pHs Exchangeable
(0.01 M Neutralizable Organic Bray-1 Ca M K .
Depth  CaCl) acidity matter P 9 CECA TotalN
inches -meq/100g  -%- = ---mememeeee- Ibs/acre-------------- meq/100 g % -
0-4 6.0 1.7 2.3 67.0 4322 445 228 14.6 0.12
4-8 5.7 2.7 1.6 143 3835 504 140 14.5 0.06
8-12 4.7 7.3 1.8 10.3 5226 1136 237 254 0.08

A A b b atiens: CEC, Cation Exchange Capacity



Table 2.Soil redox potential and pHuring flooding

Days after flooding started Redox potential Soil pH
____________ mV -----—----
1 475 5.6
3 298 6.1
4 250 6.0
6 169 5.9
LSD (.05) 28 0.4

YISD,Fiher 6s | east significant difference (P O O
Table 3.Soil temperature during flooding among different flood durations

Days after ﬂooding F|00ding duration (ln dayS) )
starts 0 7 LSD(.05)
________________ OF
1 57.7 62.6 0.6
2 69.3 66.2 0.6
3 63.9 59.0 0.6
4 66.7 64.4 0.6
6 70.3 69.3 0.6
LSD o5y = mmmmmmemmeme-- 1.0-----mmmmmmmmmeeee
JLSD, Fi sherdés | east significant difference (P
Table 4.Bulk density before and aftéiboding at different depth.
Depth Bulk density
(inch) Preflood Postflood LSDo.05)
-------------- (o1 e —
4 1.28 1.23 NS
8 1.40 1.41 NS
12 1.31 1.42 NS
LSD (9.05) 0.06 0.06

JLSD, Fisheros leas®©O Bi@h)fiN&ntnadti fs§iegrintiec & ®
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Figure 1. Average prelood and post flood soil ammonium (A) and nitrate N (B) by depth among different N fertili:
treatments. Data is averaged over flooding durreati (
nitrification inhibitor; PCU, polymer coated urea.
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Proposed Budget

YEAR
CATEGORIES THREE
A. Salaries
M.S. or Ph.D. Graduate Research Assistant (50%) $18,277
B. Fringe Benefits
Fringe for graduate student $2,724
TOTAL SALARIES AND FRINGE BENEFITS
$21,001
C. Travel
Travel to field site $735
Travel to professional meeting $1,000
TOTAL TRAVEL COSTS $1,735
D. Equipment $0
TOTAL EQUIPMENT COSTS
$0
E. Other Direct Costs
Laboratory reagents and supplies $3,000
Field supplies $2,000
Soil analysis $500
Publications/Documentation $500
TOTAL OTHER DIRECT COSTS
$6,000
TOTAL REQUEST $28,736

Justification:

Salaries and Fringe Benefits: Funds are requestesifiport of a graduate research assistant (50%
time) based on set rates at the University of Missouri. Fringe benefits for the graduate student cover
the cost of health insurance.

Travel: Covers cost of travel to Greenlggnterand to farm site at eate of 52.5 ¢/mile. In the
second year, $1,000 and in the third year $1,000 are requested to cover cost of travel and board for
one researcher to attend a professional conference for presentation of results.

Laboratory Reagents and Supplies: Covers ablsboratory reagents, sample containers, and other
materials used in soil and plant tissue analyses.

Field Supplies: Cost of fertilizer, seed, plot preparation, planting, weed control and harvesting, soil
samplers, flags, pots and other field suppdied operations.

Soil Analysis: Covers cost of drying, grinding and analysis of soil samples at the University of
Missouri Soil and Plant Testing Laboratory.

Publications/Documentation: Defrays cost of publication and documentation of results and
conclwsions.



Final Report
2013

Utilization of Enhanced Efficiency Nitrogen Fertilizer and Managed Drainage to
Reduce Nitrate-N Loss

Investigators:
Patrick R. Nash, Dep. of Soil, Environ., and Atmos. Sci., Univ. of MO, Columbia; Kelly Nelson,

Div. of Plant Sci. Univ. of MO, Novelty; Peter Motavalli, Dep. of Soil, Environ., and Atmos. Sci.,
Univ. of MO, Columbia; Manjula Nathan, Div. of Plant Sci., Univ. of MO, Columbia; and Ranjith
Udawatta, Dep. of Soil, Environ., and Atmos. Sci., Univ. of MO, Columbia.

Objective and Relevance:

Enhanced efficiency fertilizers such as polyroeated uregPCU)have been shown to
reduce nitrate concentrations in lysimeters in claypan soils (Nelson et al., 2009). These fertilizers
may further reduc®lOs-N loss through subsurfackainage systems that utilize managed drainage
for corn production, but no research has been conducted to evaluate both best management
practices.Agricultural drainage is not a new concept; however, utilizing managed drainage as part
of an integrated war management stemis a relatively new concept that has been shown to
improve water quality by reducing NEN load up to 75% (Drury et al., 1996; Frankenberger et al.,
2006 ; Drury et al ., 2009) and s ul9%)aGroundaaer i c ul t
quality is affected by nitrate (NQ pollution that may result from excessive N fertilizer
applications and other practices (Knox and Moody, 19%ince NQ-N is soluble in water and is
not retained by soil particles, it is susceptitdide leached to groundwater prior to crop growth or
following harvest. In the United States, N losses in crop production are a concern due to relatively
high N fertilizer application rates and considerable amounts gfM@leased in drainage waters
from agricultural soils (Cambardella et al., 1999). As a resulg-Nl©oncentration is regulated to
prevent negative health impacts and eutrophication (Shaviv and Mikkelsen, 1993; USEPA, 1995;
Hunter, 2001).

Soil and water conservation systems for proditgtand environmental protection are key
components of this enhanced efficiency N fertilizer and managed drainage project. In order for
rural communities to remain competitive in a rapidly changing agricultural environment, technology
that integrates cuent best management practices must also maintain a highly productive, safe, and
efficient food supply. Water conservation, reduced fertilizer loss, increased nutrient use efficiency,
and reduced sediment loss while improving crop production combinednaithged drainage that
is based on solid research is a wiim situation for farmers, consumers, and the environment. It is
expected that there will be a reductioNi@®;-N loading of up to 75% (Zucker and Brown, 1998;
Frankenberger et al., 2006; Druryadt, 2009) and an additive effect of the enhanced efficiency
fertilizer on reducing N loss in the crop production system and increasing corn grain yield. The
hypothesis of this research is that managed drainage and enhanced efficiency fertilizer {polymer
coated urea) will synergistically increase corn yields and reN@zeN loss.

The objective of this research is to determine the effects of managed drainage systems
(MSD) and enhanced efficiency nitrogéartilizer (PCU on corn production, gaseous emiss of
N, and nitrogen loss through the subsurface drainage system.




Results

Research was initiated in July 2010 in a Putnam silt loam (Greenley site) aadW\&iby
clay (Bee Ridge siteWater samples and flow were collectd monitoredrom the dainage
systems at both sitggarroundusing automated collection systems and flow monitoring
equipment. Watesamplesvereanalyzed for nitratéN, orthophosphateand sediment
concentration. Water flowing out stibsurface drainage systems wamcally restricted over the
period of Oct. through Apr. with MSDwhile conventionasubsurface drainagg/stemgCSD)had
unrestricted water flowver the same period of time

Supplemental data including ammonia volatilization, nitrous oxide gas loss, and soil
nitrogen concentration weedso collectedit the Greenley site whidllows us to better understand
how subsurface drainage systems and enhanced edfyartrogen fertilizer impactecorn
production, nitrogen loss, and fertilizer use efficiency. Howes@me of thisupplementatiata is
currently being analyzeat this timeandwerenot presenteth this report

Putnam silt loam (Greenley site)

Corn grainyields averaged over the 2013 season at the Greenley site (Putnam silt loam)
were generally lv (<91 bu/acre)or all treatment combinations, whiebas primarily afunction of
a wet springfollowed by dry summer conditions (Table 1 the absence &ubsurface drainage
(NSD), PCUaveraged5 bu/acregreater yields (20%jompared toon-coated vea NCU). When
NCU was gplied, the addition of CSD &SD increased yieldEl8%) by an average a3 bu/acre
comparedo NSD. When PCU was applied, grayields weresimilar among drainage systems
(CSD, MSD, andNSD). Over 20162013, ncreaseaorn yields with MSD compared to CSyas
limited.

Totaled over fougrowing seasa N loss via ammonia volatilizatioinom the NCU/CSD
treatment wad8.7Ibs-N/acrewhich was significantyRO 0. 1) greater than all
that included PCU application (Table Noncoated urea with NSD had the second largest
ammonia volatilizationoss(37.1Ibs-N/acre), whilePCU/MSD treatmenhad the leas22.51bs-
N/acre).Whentotaledover2010-2013 and averaged owverainagesystemsPCU (25 IbsN/acre)
reduced ammonia volatilization 1088% compared to NCU (40 Ibs/acre). Annual Nossthrough
denitrification as nitrous oxide gas when averaged over the four year study was not sign{ficantly
O 0.1) impacted by the presence of subsurface
oxideemissionsvere reduced by 4% with PCU compared to NCWwhen averaged over 202013
(data not presented)

Water drained from tile drain®llectedfrom July 2010 through December 2013 was
significantly(P O  Orediiced 62% witMSD compared to CSD (Table MManaged drainage
reduced totahitrate (NQ) and orthgphosphate losg2 and 8% compared to CSDrespectively.
However, dfferences in the averaglow weighted mean of nitrafg over this period among
treatments were nalifferent Large reductions in water drained as well as nitrate and-ortho
phosphate loss over the four year study was likely due to drought conditions experienced during
three ofthe four growing seasons.



Wabash silty-clay (Bee Ridge site)

The corn cro@t the Bee Ridge t& (Wabash siltyclay) was lostn 2010 due to a severe
flooding event which occurred in Julyhis may have contributed carryover N into 2011 that
resulted imo significant differences(O  0in yle)dsamongdrainage and N fertilizer treatments
(Table 2) In 2012 and 2013, a drought occurred throughout the summer months and was the
primary factor that lowered overall yields. Averaged over 2012 and 20183tiNzér source had a
limited effect on yields with drainage treatments; however, yields increased (9%) with subsurface
drainage (123 bu/acre) compared to NSD (113 bu/acre).

Analysis of subsurface drainagaterdata collected from July 2010 through (212
found thatMSD significanty PO 0. 1) reduced the total amount
to CSD (Table 2)MSD hada 20 and 61% reduction in the total nitrate gN@nd orthephosphate
loss, respectivelycompared to CSD. Additionally, the average N flow weighted mean in drainage
water was typically greater with MSD compared to CSD.

Conclusions

Nitrogen fertilizep sffect on corn grain yield among PCU and NCU was present in the
Putnam soil sitebut not the Wabash soll site. Averaged over 20203 at the Putnam soil site,
PCQU increased corn yield (20%) compared to Ni@lhe absencef drainage. When NCU was
appliedin the presence of subsurface drainage (CSD or M&®h grain yieldsncreased 18%
compared to NSD. Overall, the presence of subsurface drainage increaség giedd 10%
compared to NSD at the Putnam (2401 3) and Wabash (202D13) soil sits, respectively. Corn
yields were generallgimilarwith MSD compared to CSD over the four year studies at both sites.

Managedsubsurface&lrainage on average reducéd amount of water draineib to 62%
compared to CSD for the Wabash (221012) and Putnam soil s&€20102013) respectively
Annual nitrateN loss in the drainage water was reduced by an averdfofWabash soil site)
and73% (Putnam soil site) witMSD compared to CSD. Annual ortptnosphorus loss in the
drainage water was reduced by an average of 61% (Wabash soil si&afdutnam soil site)
with MSD compared to CSD. Annual reductions in nitrate and egutiasphorus loss in drainage
water withMSD were derivegbrimarily from reducingthe water drained during the neropping
period. Additionally, wet conditions during the roropping period in combination with dry
conditions in the summer montpsobablymagnified the environmental benefitsMED compared
to CSD.Polymekrcoated urea effectively reduced ammonia volatilization (36%) and soil nitrous
oxide emissions (47%) compared to NCU. Slow release properties of PCU likely limited early
season gaseous emissions of N compared to NCU.
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Table 1.Yield, subsurface drainage, and gaseous Ndats from 20113 on a Putnam silt loam soil in continuous cproduction.

_ Subsurface drainage Gaseous N loss
) Yield® Water drained NO; loss N flow weighted mean  Ortho-P loss NH;

Year(s)* Drainage’ N fertilizer (Bu/acre) (1000 L/acre) (Lbs-N/acre) (ppm) (Lbs-P/acre) (Lbs-N/acre)
2010 NSD NTC 41b NA NA NA NA 2.8d
2010 NSD NCU 102a NA NA NA NA 15.0b
2010 NSD PCU 107a NA NA NA NA 8.7bcd
2010 CsD NCU 110a 640a 7.4a 5.5a 0.18a 26.3a
2010 CsD PCU 103a 600a 6.4a 4.9a 0.13ab 4.6bcd
2010 MSD NCU 113a 380a 4.9a 6.1la 0.06bc 14.2bc
2010 MSD PCU 106a 370a 4.9a 6.3a 0.03c 3.7cd
2011 NSD NTC l4c NA NA NA NA 4.2a
2011 NSD NCU 44b NA NA NA NA 4.5a
2011 NSD PCU 8la NA NA NA NA 4.0a
2011 CsD NCU 6lab 710a 20.3a 12.2ab 0.23a 5.8a
2011 CsD PCU 67a 630a 25.2a 16.9a 0.19ab 4.6a
2011 MSD NCU 6lab 180b 3.8a 11.3bc 0.02b 4.6a
2011 MSD PCU 63ab 180b 2.9a 7.2c 0.02b 4.2a
2012 NSD NTC 12d NA NA NA NA 10.1a
2012 NSD NCU 45c NA NA NA NA 8.0bc
2012 NSD PCU 51b NA NA NA NA 9.0ab
2012 CsSD NCU 50b 470a 25.7a 25.0a 0.12b 8.2bc
2012 CsD PCU 51b 560a 29.0a 23.7a 0.40a 8.6bc
2012 MSD NCU 55a 110b 6.9b 29.1a 0.06b 7.6¢
2012 MSD PCU 55a 140b 5.0b 16.8a 0.07b 7.9bc
2013 NSD NTC 42b NA NA NA NA 6.0c
2013 NSD NCU 113a NA NA NA NA 9.5a
2013 NSD PCU 124a NA NA NA NA 6.3bc
2013 CsD NCU 135a 150a 8.8a 25.4bc 0.01a 8.4ab
2013 CsD PCU 138a 80ab 4.0ab 23.4c 0.03a 8.0abc
2013 MSD NCU 131a 20b 1.7b 31.5a 0.00a 7.8abc
2013 MSD PCU 141a 70ab 4.1ab 28.5ab 0.01a 6.6bc

Average Total Total Average Total Total
201013 NSD NTC 27b NA NA NA NA 23.1b
201013 NSD NCU 76a NA NA NA NA 37.1d
201013 NSD PCU 9la NA NA NA NA 28.0b
201013 CsD NCU 89a 1960a 62.2a 12.2a 0.55a 48.7a
201013 CsD PCU 90a 1860a 64.5a 12.5a 0.74a 25.8b
201013 MSD NCU 90a 690b 17.2b 14.9a 0.14b 34.2ab
201013 MSD PCU 9la 750b 16.9b 10.8a 0.12b 22.5b
AStudy years represent the period of time from N fertilization up until

Y Abbreviations: CSD = conventional subsurface drainage; MSD = managed subsurface drainage; NA = nde aN@idab norcoated urea; Nt ammonia; NSD = no
subsurface drainage; NTC = ntreated control; PCU = polymeoated urea.
8 Letters following yields, water drained, N flow weighted meangN@hoP, and NHl oss ( by year) debifa¢(Pe0.Hi sherds Least



Table 2. Yield and subsurface drainage data from 2B10n a Wabash silglay soil in continuous corn production.

Subsurface drainage

) Yield® Water drained NO; loss N Flow weighted mean Ortho-P loss

Year(s)' Drainage’ N fertilizer (Bu/acre) (1000 L/acre) (Lbs-N/acre) (ppm) (Lbs-P/acre)
2010 NSD NCU 0 NA NA NA NA
2010 NSD PCU 0 NA NA NA NA
2010 CSsD NCU 0 1598a 8.1a 2.7a 0.03a
2010 CsD PCU 0 1457a 7.1a 2.3a 0.03a
2010 MSD NCU 0 946b 13.3a 7.4a 0.03a
2010 MSD PCU 0 970b 9.5a 5.3a 0.03a
2011 NSD NCU 199a NA NA NA NA
2011 NSD PCU 196a NA NA NA NA
2011 CsD NCU 194a 2997a 51.2a 8.1b 0.26ab
2011 CsD PCU 201a 3011a 46.1b 7.3b 0.32a
2011 MSD NCU 195a 1746b 35.2c 10.0ab 0.13bc
2011 MSD PCU 195a 1727b 49.7ab 14.0a 0.12c
2012 NSD NCU 92a NA NA NA NA
2012 NSD PCU 92a NA NA NA NA
2012 CSD NCU 105a 2099a 20.9a 5.8a 0.08b
2012 CsD PCU 101a 1988a 12.8a 3.7a 0.12a
2012 MSD NCU 104a 895b 4.3a 3.6a 0.03c
2012 MSD PCU 105a 850b 5.4a 3.5a 0.03c
2013 NSD NCU 1338 - AL e—
2013 NSD PCU 1352 e e e e
2013 CsD NCU 146a e e e
2013 CSD PCU 141la e e e e
2013 MSD NCU 138a e e s e
2013 MSD PCU I e

Averagée ¥ Total Total Average Total
201013 NSD NCU 112a NA NA NA NA
201613 NSD PCU 114a NA NA NA NA
201613 CsD NCU 126a 6693a 802a 5.5ab 0.34a
201613 CsSD PCU 121a 6456a 66.0a 4.4b 0.45a
201013 MSD NCU 121a 3586b 64.6a 7.0ab 0.16b
2010613 MSD PCU 125a 3548hb 52.8a 7.6a 0.15b
AStudy years represent the period of tieniiatdnr om N fertilization up un

Y Abbreviations: NQ@ = nitrate; CSD = conventional subsurface drainage; MSD = managed subsurface drainage; NA = not applicable; N®dtechorea; NSD
= no subsurface drainage; P = phosphorus; PCU = polgosed urea.

8 Letters following yields, water drained, N@oss, N flow weighted mean,orf® | oss (by year) denote FP=sOlproés Le

T Corn crop in 2010 was lost due to severe flooding event.

_’ffEnvironmentaI nutrient loss data from 2013 is curgebding analyzed.

Y XCorn yields were only averaged over the 2012 and 2013 season.
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Summary:
Research was conducttat three years from 2012 to 2014 at theiversity of

Mi ssouri 6s Gr e e nnNerthea® Misseugiordetdrmirttiee reffeets of flooding
durations on corndea maysL.) growth anchitrogen(N) use efficiency (NUE); assessing the
use of different N sources including PCU, nitrification inhibitor and a-f)ostl rescue N
fertilizer treatment; and evaluating the economic costs and benefits of using these fertilizer
sources under different floody conditions. The overall goal of this research is the development
of an economically profitable N fertilizer strategy for both-@ned postflood conditions that
will increase corn production and decrease environmental N loss.

1 Corn grain yields wersignificantly reduced due to flooding durations of 3 and 7
days that were imposed at the V6 corn growth stage in 2013 andA014.
average loss of 6.6 bushels/aarel 11.4 bu/acreccurred with each day of
flooding in 201&nd 2014, respectively. No yietdductions occurred in 2012 due
to flooding possibly because of relatively dry climatic conditions experienced
during that cropping season.

1 Rescue N fertilizer applications increased corn grain yields in two (2012, 2014)
out of three years. The threeays of research results suggest that grain yield
response to rescue N fertilizer depended on the amount of rainfall received after
the rescue N application and the severity of the crop stress caused by increasing
duration of soil waterlogging.

1 Application of different preplant N fertilizers generally resulted in increased
grain yields compared to the control but no consistent differences in response
were observed among the fertilizer sources tested in this research.

1 Corn silage yield and N uptake prded in this report for the 2012 cropping
season were significantly affected by flooding duration and rescue N application,
but further analysis for the 2013 and 2014 seasons have not been completed. In
2012, increasing flooding duration decreased N upsakeN uptake was higher
in treatments receiving rescue N application.

1 Chlorophyll content of corn leaves was decreased by flooding duration in 2013,
but not in 2012. Chlorophyll results for 2014 are being analyzed. Lower
chlorophyll content resulteddm lower N absorption due to loss of N during
flooding.



1 Soil nitrate and ammonium N were significantly affected by the flooding duration
and N fertilizer sources in 2012 and 2013. The 2014 data is being analyzed. In
general, PCU had higher soil N corntteompared to other treatments in 2012.

1 Soil surface nitrous oxide gaseous emissions measured in 2012 and 2013 were
affected by the flooding duration and fertilizer sources. PCU in 2012 and NCU in
2013 had the highest cumulative higher effluxes comparether N treatments
during 72 hour flooding duration event§he proportion of N fertilizer lost as
N>O-N averaged over all psglant N treatments during the 2012 and 2013
sampling periods in the nematerlogged soils was 0.04% and 0.03%, and 1.1%
and 26% in the waterlogged soils, respectivelhese results indicate that a high
proportion of the N fertilizer that is lost as nitrous oxide gas occurs during short
terms events when soils are waterlogged.

Material s and Methods:

A field experiment wasanducted for three years from 2012 to 2014 at the University of
Mi ssouri 6s Greenl ey Research Center in Northe
for conducting the experimergoil classification for the fieldreass a Putnam silt loam (fey
smectitic, mesic Vertic Albaqualfs$oil samples were collected in increments &f,@+8, and 8
12 inch depths beforgre-plantfertilizer application and incorporation to characterize initial soll
conditions(Table 1).Prefertilization soil charactestics were different in all years. Soil pH was
lower in 2013 than that of the other two years in #&ilGch depth.

The field was separated into 15 by 100 foot plotsixf3Ginch rows of DEKA B 62-
97VT3in 2012 and 2013. In 2014, only four rows evplanted in each ploWNitrogen fertilizer
treatments of a control (CO) and 150 Ibadte of wea (NCU) urea plus nitrapyrin nitrification
inhibitor (NCU + NI) (N-Servé, Dow AgroSciences, Indnapolis, Indiana), and polymer
coated urea (PCU) (ESNAgrium, Inc., Calgary, Albertayere included in this studyll pre
plantfertilizer N applied wasncorporated immediately after applicatiosing a cultivatarThe
experimental desigwasa randomized¢omplete block with a sptplit plot arrangement whit
three replicationsA rescueN fertilizer application of 75 Ibs Kcre ofurea plus NBPT (Nn-
butyl) thiophosphoric triamide) urease inhibitor (N@GW]I) at 1 gal/torwas appliedo half of
each original fertilizer treatmeptot (Agrotain®, Koch Agronanic Services, Wichita, Kansas).
Following rescue applicatioeachl5 by 100 fobfertilizer treatment was split intwo 15 by 50
foot plots, one hiag with the rescue applicati@ndthe othemwithout the rescue application. A
rescue application of 759Vacre was applied as an estimate of an economical optimal N rate
for yield response at corn growth stage V10 determined from SPAD 502 chlorophyll meter
readings (Konica Minolta, Hong Kontgken after flooding in 2012. Rescue N was applied at
the sameate during 2013 and 2014 as in 2012.

In 2012, mnding of water occurred for durations ofr® flood) 24 (1 day ) 48(2 days)
and 72 hour$3 days)atthe V6 corn growth stage on Jun& dsingtemporarysoil levees to
surround each flooding blockevees were knocked down to allow ponded water to escape after
intendedflooding duratiorhadceasedAn extended flooding duration treatment of 7 days was



added in 2013 to replace the 2 day treatment, since no flooding treatment effect occurred during
the 2.2 growing season. Therefore, flooding durations used in 2013 and 2014 were 0, 1, 3, and
7 days at the V6 corn growsttage using temporary soil leveestoround each flooding block

(Fig. 1).

Soil samples were collectédm N fertilizer treatmentdefore and after temporary
flooding events fron®-4, 4-8, and 812 inch depths and analyzed for soil iremge N
(ammonium and nitratl).

Corn grain yields were harvested from the total row length of the two center rows from
each N treatmen€Corn silagewas collected from 20 foot @nerow when corn plants reached
physiological maturityand total biomasdry weight, tissueN and Nuptakewere determined
Chlorophyll content was measured on corn leaves using a SPAD chlorophyll meter in all plots
after tre 7 day flooding treatment had ended.

Soil surfaceeffluxes of nitrous oxidand carbon dioxide gase&re measureith 2012
and 201Jrior, during, and after soil saturation eventsiéberminechanges in gas loss from the
soil under different floodingurations an@nhanced efficiency N treatmen@Gases were
collected using small sealed chambers fitted with rubber gmpsample extractioosing a
syringe and placed into sealed sial' hese gases were analyzed ugiag chromatographgnd
an automatd sampler

Results:

The total precipitation during three years of experiment trial was highly variable. The
total precipitation during the 2012 growing season was relatively low compared to that of 2013
and 2014 (Table 2). The total monthly precipitatauring the 2012 crop growing period from
March to October was 10 and 12 inches lower compared to that of 2013 and 2014. There was 7%
higher precipitation during the growing season from March to October in 2014 compared to
2013, which made 2014 a relatiysvetter year for crop growth. In addition in 2014,
approximately 9 inches of rainfall occurred during the month of June when the flooding
treatment was imposed.

No significant effects of flooding were found on corn grain yields in 2012 most probably
due to the drought conditions affecting crop response. In 2013, significant yield reductions of 16
and 45 bu/acreccurred as a result of 3 and 7 days of flooding, respectively, when compared to
the nonflooded control. An average grain yield loss of 6uddare and 11.4 bu/acre occurred
with each day of flooding in 2013 and 2014, respectively (Fig. 2). Theresiggiéicant yield
increases of 12 and 10/aae among PCU and NCU + NI, respectively, vertes controlfor
the 72 hour flooded plois 2012 Fig. 3). Overall grain yield increases occurred with all
applications of fertilizer treatments compared to the control in 2014 (data not shown).

Significant increases in corn yield were observed due to rescue N application of urea+Ul
in 2012 and 2014, bunot in 2013Yield increases of 11 Baae occurred as a rekwf the
rescue application witNICU fertilizer plotsof 48 and 7Zhourflooding durations in 2012 (Fig.
3). An increased yield of 10 e also occurreavith rescue N applicatiom theNCU + NI



treated plots at a 72 hour flooding duratibn2013, no effect of rescue N application was
observed probably due to low rainfall after its application. In 2014, rescue N application resulted
in an average 6% higher yield compared to treatmenteneiving rescue N up to three days of
flooding but the effect was dependent on the time of flooding (Fig. 4). The results for the three
years of research with rescue N fertilizer suggest that both adequate rainfall after rescue N
fertilizer application ad the duration the crop was previously stressed by soil waterlogging may
influence the grain yield response to the rescue N fertilizer application.

No effect of flooding duration on plant chlorophyll content was observed during 2012. In
2013, chlorophylcontent was decreased with an increase in flooding durations (Fig. 5). No
significant differences were found between different N treatments with a 7 day flooding duration.
These results suggest that flooding can temporarily decrease the amount dbreghgi
measured using the SPAD meter. A possible reason for this result could be higher loss of nitrate
with flooding and less uptake of N by corn roots due to reduction in plant transpiration and root
conductivity for nutrient absorption. A significaffect of fertilizer sources was found with
chlorophyll content in 2012 and 2013. Chlorophyll content was increased with N fertilizer
application compared to the control and PCU had a higher chlorophyll content compared to urea
after 24 and 72 hour of fbmling in 2012 (Table 3). In 2013, ppéant fertilizer treatments of
NCU+NI and PCU had significantly higher chlorophyll content compared to théeniiized
control treatment of 5.5 and 4.2 SPAD units, respectively (Fig. 5). Chlorophyll content in NCU
treatments was not significant different than the-festilized control. Urea, NCU+NI, and PCU
had significantly greater chlorophyll content compared to theferiized preplant treatment
when 3 and 7 days of flooding occurred (Fig. 5).

In 2012, dageyield increases occurresiith PCU versus theontrolfor 0, 24, and 72
hour flooding durations where no rescue N application was apfladale 4. There were no
significant increases with the PCU and the control where no N was apptieese flooding
duration plotswith the rescue application as a resultletreases in biomass. Plants in the 24 and
48 hour flooding had more N uptake with PCU and NCU tdhpared to control plots (Table
5). Therewereno significant differencebetween the amounts Nfuptale with NCU in
comparison with control plots. In 2013, N uptake was significantly decreased the longer the
duration of flooding from 1 to 3 or 7 days compared to theflamded control (Figure 6A). The
rescue N application significantly increasddge N uptake by 17.4 Ibs/acre compared to the
treatments not receiving rescue N (Fig. 6B).

The PCUtreatment generallgaintained highesoil NOz-N andNH,*-N corcentrations
among all the N treatmengBig. 7). There was a significant decrease in blgl;-N
concentratiorirom all plots treated witenhanced efficienci fertilizersfrom 0 to 24 hours of
soil saturation at a depth fromd0inches FFig. 7). The PCU treatment was the only N fertilizer
treatment to have significantly decreassog NO3;-N concentration between 24 to 48 hours of
soil saturatiorat a depth from-@ inches. No decrease in WFN concentration occurred as a
result of saturated soils.

In 2013, PCU and NCU+NI had 3.6 and 2.8 more pounds eflgwd NH,"-N per acre,
respectivly, compared to NCU treatment at a depth-df28inches (FiA). Significantly
greater NH'-N concentration was maintained at a depth-d820nches in PCU treatment than



all other preplant N treatments (Fi@A). All pre-plant fertilizer N treatments kahigher pre

flood NO; -N concentration compared to control plots (88). PCU and NCU+NI treatments
had 51.3 and 47.1 more pounds/acre og N respectively, than NCU in plots receiving no
flooding compared to plots received 1 to 7 days of floodingh& end of 7 days of flooding,
NOjs-N concentration was significantly higher among NCU and PCU treatments compared to
control and NCU+UI (Fig9B). Higher NH,"-N and NQ was maintained in PCU treatments at
end of growing season that received rescuepliagiion. Only NQ -N content was higher with
PCU and NCU+NI treatments compared to NCU when no rescue N was applied.

Fertilizer packets of PCU weighing 10 g each were placed on the soil surface before
fertilizer application in the different treatmentsevaluate release of urea from PCU due to
flooding and time. They were removed at different times as shown in Figuide urea release
was significantly different between 0 and 1 day flooding duration. Urea release was significantly
different at diferent timing ugo 2 months after flooding

Waterlogged soil conditions caused by the flooding treatments resulted in higher gaseous
emissions of soil nitrous oxide compared to when soils were not saturated in 2012 and 2013(Fig.
11 A& B). In 2012 wih the 3 day flooding period, PCU had higher efflux of soil nitrous oxide
compared to NCU and NCU + NI possibly due to the higher initiaflpoa soil nitrateN in the
PCU-treated plots compared to the other N fertilizer treatments (Fig. 11B). In 2@lSC1UJ
treatment had the highest cumulative nitrous oxide emissions among the fertilizer sdteees.
proportion of N fertilizer lost as }D-N averaged over all pyglant N treatments during the 2012
and 2013 sampling periods in the neaterlogged soilsvas 0.04% and 0.03%, and 1.1% and
2.6% in the waterlogged soils, respectively.

Outreach and Training:

A M.S. and PhDgraduate student in soil science at the University of Missoue baen
involved in workingon this project.The first and second yeagsearch results wepsesente@s
an oral presentation to growers ampglieultural professionalby the M.S. student at the 20a8d
2014Greenley Center Field Day in Northeast Missotihe first and second year results were
presented in a poster by theS. graduate student at the American Society of Agronomy (ASA)
annual meetings in Tampa, FL and at the North Central Extetsioistry Soil Fertility
Conference. The student received an award for his poster presentation at the ASA Meetings and
was honoed at the North Central Extension Conference as the outstanding soil fertility graduate
student from the state of Missouri. The results from the second and third years were presented by
the PhD graduate student at the 2014 American Society of Agronomy) @BwWal meetings in
Long Beach, CA.



Table 1. Soil properties collected before gpant fertilizer applicatiorior three years from 2012 to 2014 fald study site

atthe Greenley Researdbenter. Data were averaged over three replications andedyr soil depth

Exchangeable
Depth pHs NA oM Bray 1 P Ca Mg K CEC
inches meq/100 g =00- e Ibs/acre---------------- meq/100 g
2012
0-4 6.1 1.7 2.7 58 4599 353 364 15
4-8 6.3 1.4 2.0 21 4792 340 179 15
8-12 55 2.8 1.7 8 4566 509 188 18
2013
0-4 5.4 3.7 2.8 74 3302 343 391 14
4-8 5.9 2.5 2.0 24 3885 380 197 14
8-12 5.2 4.7 1.8 13 3793 490 210 16
2014
0-4 6.2 15 2.0 58 4439 328 282 14
4-8 6.3 1.0 1.4 20 4298 296 148 13
8-12 5.0 5.2 1.3 9 4522 604 196.33 19

AAbbr evi a teutralimble Acitibh OM, Rrganic MatterP, Brayl PhosphorusCa, CalciumMg,
MagnesiumK, PotassiumCEC, Catim Exchange Capacity.



Table 2. Total monthly precipitation in 2012, 2013 and 2014 at the Greenley Research Glentdty, Missouri.

Total monthly precipitation

Month 2012 2013 2014
--------------------------------------- INCh@S----===-=== e

January 0.44 1.85 0.35
February 2.14 2.28 0.93
March 2.34 2.13 0.88
April 4.69 7.62 4.16
May 2.49 10.27 1.03
June 2.23 3.62 8.85
July 0.73 1.90 2.01
August 2.99 0.0 6.45
September 3.56 3.10 6.90
October 3.25 3.84 4.37
November 1.47 1.25 1.02
December 2.08 0.70 1.05

Total 28.41 38.56 38.00




Table 3. Average SPAD chlorophyll readings June 19, 2012 after floodingo determine an

economically optimum N rate faescue N applicationfarea plus urease inhibitor
according to N treatments and temporary flooding durations.

Saturatiorduration
N fertilizer 0 24 48 72
treatment
------------------------------- SPAD UNitS---=-=mmmmmmmeen
Control 427 41.2 40.1 37.8
Urea 47.4 45.7 47.2 45.1
Urea+ _NIA 48.3 48.6 46.0 45.1
PCU 49.0 51.8 48.7 48.6
LSDos*”  mmmmmmmmmmmemmm e 3.2 e

AUrea + nitrification inhibitoy’Polymercoatedurea

AFi sher 0s

protected

IP0DS. t

significant

di fferen

Table 4. Average corn silage yielith 2012with corresponding N treatments and temporary

flooding duratons with and witbutrescue N plus urease inhibitor application.

Saturatiorduration

N fertilizer treatment 0 24 48 72
------------------------ tons dry matter/acre---------------------
Without Rescue N
Control 1.84 1.36 1.72 1.25
Urea 2.14 1.82 1.85 1.77
Urea+ NI* 2.07 2.06 1.75 2.05
PCWy 2.43 2.18 2.01 1.90
With Rescue N
Control 1.98 1.60 1.83 1.49
Urea 1.67 1.94 1.97 2.01
Urea+ NI* 1.59 1.97 1.89 1.90
PCWy 1.81 2.02 2.52 1.84
S B 0.53 -
"Urea + nitrification inhibitor
YPolymercoatedurea
AFi sherés protected IPODd5t significant

di fferen



Table 5. Average plant N uptake with corresponding N treatments and temporarinfiood
durations without and with rescue N applicatior2012

Saturatiorduration
N fertilizer treatment 0 24 48 72
---------------------------- Ibs N uptake/acre---------------------
Without Rescue N

Control 24.0 16.4 19.5 15.3

Urea 28.3 19.1 26.5 24.9

Urea+ NI# 33.2 28.2 21.5 23.9

PCWy 34.6 29.8 29.1 23.2

With Rescue N

Control 30.4 25.7 24.8 28.4

Urea 31.6 30.6 32.4 35.7

Urea+ NI# 30.0 36.2 33.3 28.8

PCWy 36.9 38.8 42.7 30.4
LSD(O.Q5)AA --------------------------------------- 12.2 -

AUrea + nitrification inhibitory P o | yxoatedureg”Fi sher 6s protected

difference aP<0.05.

| eas
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Figure 1. Flooding treatmnts on 11 July, 2013 which was 16 dys aftédey flooding
treatment was drained.
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pre-plant fertilizer applications. Sampling occurred prior to flooding on 17
June, 2013(Abbreviations: CO, ControNCU, Urea; NCU + NI, Urea +
nitrification inhibitor; PCU, polymercoated urea; LSD, least significant
difference afP< 0.10).
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Figure 11. Soil nitrous oxidegas efflux and cumulativeitrous oxide emissionf®r each preplant N
treatment in the norflooded (A) and floodetreatment(B) in 202 and 2013
(Abbreviatians: CO, Control; NCU, Urea; NCU + NI, Urea + nitrification inhibitor; PCU, polyme
coated urea; LSD, least significant differenc® & 0.10 comparing cumulativgas emissions
among preplant N treatments)Note scale change between both figures.
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AMMONIA VOLATILIZATION FROM SURFACE

APPLICATIONS OF UREA: Greenhouse study 2013
David Dunn
University of Missouri-Fisher Delta Research Center
Portageville, MO

A series of ammonia volatilization experiments were conducted in 2013 at the University of
MissourtFisher Delta Center, Portagh®j MO. These experiments investigate the environmental
conditions that control the rate of ammonia volitization for surface applied urea. The first
experiment (EXP 1) was designed to determine the effect of soil moisture on ammonia

volatilization fromsurface applied urea. The second experiment (EXP2) was designed to compare
urea coated with nitrogen stabilization additives to uncoated urea and an untreated check. Both of
these experiments were conducted indoors in a green house. For both exp&ohtization

chambers were established. Each chamber consisted of a 20 gt Sterilite clear plastic container with
a removable, sealable lid (Figure 1). This container measured 16.5 X 11.5 X 9.75 inches. Into each
container 1 gallon of soil (Bosket loaragind, ph 5.7) was placed. Volatilization data was collected
from each chamber during the experiment by the following method. Following urea application, an
ammonia trap was constructed for each chamber. This trap consisted of a 2 dram plasti@vial fille
with 50 ml of 0.1M HSO, + H,O solution. In this procedure the specific location of the trap within
each chamber was selected randomly by dropping the top of each vial on to the chamber. At this
point the 2 dram vial with 80, solution was placed omhe soil surface. The lid was then placed

over the chamber and sealed in place. After establishment ammonia was collected for 48 hours. At
this point the chamber was opened, the vial removed, capped and transported to the lab. A fresh 2
dram vial with HSQ, solution was then placed on the soil surface and the chamber was the resealed
until the next sampling period was scheduled to begin. After collection of the vials the liquid in

each vial was analyzed for Nidontent using the phenraltroprusside carimetric method. This
methodology allows for comparisons between the relative amounts of volatilization experienced by
each fertilizer treatment. It does not allow for a calculation of the % of N lost to volatilization.

This was the general set up fmyth experiments. The specific treatment details of each are

discussed below.

EXP 1A list of treatments used in EXP 1 is given in Tabl@His experimentompared ammonia
volitization from surface appl i e ctureacorddionsvi t h e
Before the soil was placed in to the cambers it was dried to 0% moisture 9@ aetodrying oven.

Field capacity treatment chambers were produced by adding 1 liter of distilled water. These
chambers were sealed and allowed toasitliree days so the introduced water could become

uniformly distributed. To quantify the effects of rainfall events following urea applications 3
different volumes of water representing rainfall events of 0.1, 0.25, 0.50 inches were added to the
chambes by uniformly pouring water through a watering can. Urea at the rate of-Blddbse was

applied to all chambers except the untreated checks. Simulated rain fall was administered to the
appropriate chambers. An acid trap was placed in each chambeaitie camber was sealed until

the traps were changed out. In this way data was collected at 1, 3, 7, 9, 12, 14, 16, and 21 days after
treatment (DAT). The traps were then analyzed for ammonia content using the method described
above. The data collectéar EXP 1 is presented in Table 1.



Table 1. Acid trap recovery of volatized from surface applied urea in ppmNNfe4 soil moisture
and simulated rainfall treatments.

Acid trap recovery of NH4 given in ppm NHM

3 9 12 14 16 21
Trt  Treatment 1 DAT DAT 7 DAT DAT DAT DAT DAT DAT  Cumulative
1 Drycheck 0.6d 1.3c 1.3de 0.8b 18a 1.0a 1l.0a 09a 8.9e
2 Dry50 Ib urea 2.2d 1.8c 27cde 2.7ab 4.4a l6a 26a 25a 21.3d
3 Dry50 Ibs urea + 0.1 H20 389a 188a 12.1bc 45ab 44a l1l4a 6.0a 16a 86.2ab
4 Dry50 Ibs urea + 0.25 H20 13.3bc 82b 55bcd 25ab 2.1a 1.8a 1.3a 1.2a 36.9cd
5 Dry50 Ibs urea + 0.50 H20 5.5¢ 5.1b 6.2bcd 1.8ab 1.7a 1.2a 1.0a 0.9a 24.5
6 Wet check 0.7d 1.2c 0.5e 18ab 2.5a l.la lla 1lla 11.1e
7 Wet50Ib urea 11.7bc 224a 144b 21ab 19a 16a 39a 0.9a 63.5abc
8 Wet 50 Ibs urea + 0.1 H20 16.3b 16.9a 10.5bc 1.6b 24a 18a l1l.la 1lla 54.1bc
9 Wet 50 Ibs urea + 0.25 H20 11.3bc 26.3a 55.0a 109a 7.0a 2la 1l2a 23a 123.4a
10 Wet 50 Ibs urea + 0.50 H20 12.7bc 26.9a 574a 11.3a 100a 23a 29a 23a 132.1a
LSD (P=.05) 0.253 0.255 0406 0404 6.808 0.287 4.158 1.882 0.260
Ccv 19.2 18.1 28.96 4591 12298 48.34 130.3 89.32 11.11

Means followed by the sametter do not differ significantly at the alpha= 0.05 level

Results from this experiment show the effect of soil moisture on ammonia loss from surface applied
urea. Cumulative volatilization from the wet soil was 3X that dry soil. There was also ardiffere
between wet and dry soil in the volitization following simulated rainfall events. For the dry soil the
addition of 0.1 inches of water clearly increased the amount of volitization. This amount was not
sufficient to move the urea below the soil suefadnstead the applied water served to allow
volitization to proceed at an accelerated rate. The addition of 0.5 inches served to move the urea
below the soil surface and effectively stop the volitization process. The 0.25 inch event was
sufficient to nove the majority of urea below the soil surface. In contrast the when rainfall was
simulated to wet soil only the 0.1 inch treatment numerically lowered measured volitization. The
results from the three rainfall amounts were statistically equivalehetaet soil with no rainfall

added. In these cases the soil water did not allow for movement of urea below the soil surface.
Remaining on the surface the urea was subject to high rates of volitization.

EXP 2 A list of treatments used in EXP 2 is givenTables 2 and 3T his experimentompared
ammonia volitization from surface applied urea coated five with commercially available nitrogen
stabilization products. These products were: Agrotain; Kock Industries, Factor, Rosens Inc.; NFixx,
The Helena Cheimal Company; Nutrispherl, Specialty Fertilizer Products; and Nutrisphre

QDO, Specialty Fertilizer Products. Three of these products, Agrotain, Factor and NFixx, contain
NBPT. They differ in NBPT content and formulation. Two of these productsisiiiareN and
NutrisphereN QDO, contain a @eicitaconic copolymerThis experiment was conducted two

times, once in the early spring with low ambient temperatures and again in the fall at higher
temperature conditions. The data collected for EXPp2dsented in Tables 2, 3, and 4.



Table 2. Acid trap recovery of volatized from surface applied urea in ppmNNfa4 urea coated
with nitrogen stabilization products. Data collected in cold temperature conditions.

Acid trap recovery of NH4 given in pphH4-N

Treatment 2DAT 4 DAT 7 DAT 9 DAT 14 DAT 16 DAT 18 DAT 21 DAT
untreated check 06¢c 0.6¢c 0.8d 0.8e 0.8d 0.5d 05c 04c
50 Ib urea 46a 5.1a 135a 110a 121 a 11.0a 109a 6.8 a
50 Ibs urea + grotain 3 qt 22b 06¢ 1.7 cd 2.8d 3.7b 3.1bc 34b 6.2a
50 Ibs urea + Factor 3 gt 20b 05¢c 1.6 cd 29d 40b 35b 3.6b 6.0a
50 Ibs urea + NFixx 3 qt 21b 0.53 21lc 39c 44b 35b 3.7b 5.8a
50 Ibs urea + NuisphereN 2qt 26b 05¢c 10.2 ab 35cd 24c¢ 27c 3.0b 39b
50 Ibs urea + NutsphereN QDO

2qt 26b 48a 106 a 47b 26¢C 2.9 bc 3.1b 35b
LSD (0.05) 0.486 0.666 0.845 0.0718 0.082 0.05 0.063 1.446
Ccv 13.77 20.13 10.92 7.38 8.83 5.55 6.83 8.32

Means followed by the same letter do not difigngicantly at the alpha= 0.05 level

Table 3. Acid trap recovery of volatized from surface applied urea in ppmNNta4 urea coated with
nitrogen stabilization products. Data collected in warm temperature conditions.

Acid trap recovey of NH4 given in ppm NH4N
4

Treatment 2 DAT DAT 7DAT 9DAT 14DAT 16DAT 18DAT 21 DAT
untreated check 0.4d 0.4d 05b 0.8d 0.6c¢c 0.6c 0.3d 0.7c
501b urea 32a 42a 3ll1a 215a 1.6bc 25a 19a 23a
50 Ibs urea + 4rotain 3 gt 0.7cd 1.7bc 22b 1.0d 1.3bc 1.0 bc 0.4d 12b
50 Ibs urea + Factor 3 qt 10bcd 21bc 26b 16cd 1.4 bc 1.0 bc 0.8 cd 1.3b
50 Ibs urea + NFixx 3 qt 0.6d 16¢ 25b 20cd 1.0 bc 1.1 bc 0.6 cd 11b
50 Ibs urea + NutsphereN 2qt 1.6 bc 27b 119a 3.1bc 17ab 1.6ab 0.6 cd 15b
50 Ibs urea + NutsiphereN QDO 2qt 1.7 bc 28b 149a 55b 31la 19ab 1.0 bc 12b
LSD (0.05) 2.14 0.823 4972 0.215t 0.143 0.109 0.111 1.077
Ccv 22.62 25.01 49.12 25.27 24.46 20.28 30.15 10.98

Means followedoy the same letter do not differ significantly at the alpha= 0.05 level

All products tested in this evaluation offered some degree of protection against volitization. These rt
indicate the nitrogen stabilization products that contain NPBT (Agrdtiiixx, Factor) offer better
volitization protection than those that do not ( Nutrispiéy&lutrisphereN QDO).



Table 4. Cumulative acid trap recovery of volatized from surface applied urea in ppi Iifdirea
coated with nitrogen stabilizat products. Data collected in both cool warm temperature conditions.

Cumulative acid trap recovery of NH4 given in ppm NN4

Cool temperature Warm temperature

Treatment 7 Day 14 Day 21 Day 7 Day 14 Day 21 Day
untreated check 1.9d 34e 4.7d l4c 2.7d 4.3d
50 Ib urea 226a 458 a 749 a 38.6a 59.9a 67.0a
50 Ibs urea + grotain 3 gt 43c 10.8d 235¢c 4.6 bc 6.9c 95¢c
50 Ibs urea + Factor 3 qt 40c 10.9d 239c 5.8 bc 8.7c 119¢c¢
50 Ibs urea + NFixx 3 gt 47c 13.0c 259c 46 bc 7.7¢c 10.7c
50 Ibs urea + NutsphereN 2qt 16.6 b 225b 32.2b 16.4 b 206 b 244b
50 Ibs urea + NutsphereN QDO

2qt 179b 252b 34.7b 195b 27.3b 316b
LSD (0.05) 0.083 0.06 0.042 9.843 0.167 0.1462
Ccv 5.82 3.32 2.01 51.92 9.77 787

Means followed by the same letter do not differ significantly at the alpha= 0.05 level

As the cumulative 21 day volatization results are approximately the same for both the cool and warn
temperatureshiese resultidicate that volitizatiomay be a problem for both environmental conditions.
When the rates of volitization are evidenced for the 7, 14, and 21 day cumulative results are compar
cool conditions approximately 1/3 of the total volitization occurred in each 7 day period. ikivéem
more than ¥z occurred during the first 7 day period and very little occurred in the last 7 day period. 1
indicates that it is more critical to address volitization issues that might occur in the first week followi
surface urea applicationsrilng warm weather.

Conclusions:

1 Urea surface applied to wet soil is vulnerable to aggressive ammonia volitizatior
soil conditions limit this effect.

1 It takes a rainfall event of 0.25 inches or greater to move urea below the soil sur
on dry sois. For wet soils rainfall in any amount may not move urea sufficiently f
limit ammonia volitization.

1 Ammonia volitization will occur in both cool and warm soil conditions. The rate 1
this proceeds is greater in warm soils.



Figure 1. Chamber used for measuring ammonia volatilization with 2 dram vial serving as acid trap,
note granular urea on soil surface



Phosphorudanagement

Progress Report

2012
(Reports received after publicatiohlast Soil Fertility Update)

Managing phosphorus, manganese and glyphosate interactions to increase soybean yields

Felix B. Fritschi and James H. Houx Ill, Univ. of Missouri
Objectives and Relevance to the Missouri Fertilizer and Lime Industry
The oveall objective of this project is to examine the tvand threeway interactions of P, Mn, and
glyphosate in response to fertilizer treatments and herbicide regimes.
1) To determine if pojup P applications will improve early season growth, soybean yiedd, an
seed quality.
2) To determine if Mn fertilization will increase soybean yield and seed quality.
3) To examine if P and Mn fertilization individually or in concert increase yields of glyphosate
and glufosinate tolerant soybeans.

A large number of soils in Missiri are low in plant available P (BrayP). It is well established

that yields of Rdeficient soybeans are reduced and that these soybeans have reduced N fixation
rates. Low P can reduce the growth of the soybean péarge the growth and functionf éhe

nodules, and the growth of both the plant and the nodule (Israel, 1987; Israel, 1993; Sa and Israel,
1991; Almeida et al., 2000). Because P deficiency can strongly reduce yieldessgilided P
fertilization recommendations have been developetiaae commonly used by US farmers.

However, because of its low mobility, P deficiencies can occur early in the season, even in soils
with adequate sotlest P levels particularly when soil temperatures are cool and root growth is slow.
Therefore, starteor popup fertilizers often contain P in an attempt to stimulate early growth.
Glyphosate tolerant soybeans are an amazingly important contribution to our soybean industry.
However, vhen concerned about production of glyphosate tolerant soybeagsieiteon is

whether or not P fertilization can stimulate Mn uptake to overcome the Mn interaction with
glyphosate. We suggest that, for maximum soybean yields, a combination of Mn treatments and P
fertilization may be requiredThis project will providanformation on the impact of peyp P,
supplemental Mn, and their interactions on soybean yield responses and seed composition.

2012 ACCOMPLISHMENTS:

1 This year was the first year for the project evaluating application of starter -app®p
fertilizer with and without Mn in order to stimulate eadgason plant growth and improve
yields.

1 The following treatments were applied to MorSoy RT3930N RoundUp Ready and MorSoy
LL3939N LibertyLink soybean. Each variety treated with and without its respective
heibicide. Soybean were planted ind@v, 32feetlong plots on a 1&chrow spacing. The
following treatments were applied in 4 repliocais



1) Popup P

2) Popup P and 3 1b Mn

3) Popup Pand 7 Ib Mn

4) 31b Mn

5) 71b Mn

6) Control (Nothing Applied)

2012 PRELIMINARY RESULTS:
NOTE: Results are from one field season and are
considered preliminary

Even though Missouri experienced
severe drought and above average temperature
this summer yields of this project remained abo' <
the average soybean yield at the Bradford
Research Station near Columbia, Missouri
(Fg 1,2,3,4).

T

Popup P plus 3b Mn (P<0.01),
Popup P plus 7b Mn (P<0.05,) and & Mn
(P<0.01) increased yields when glyphosate
was applied compared to the control and the
Ib per acre Mn treatment (Fig. 1).

Rurchale nar Arra

When glyphosate was not applied to the
RoundUp Ready variety, Pagp P plus 1b
Mn increased yield compared to having no
starter fertilizer and kfiurrow 71b Mn
treatment at P<0.10 (Fig. 2).

No significant differences in yield were
observed for théiberty Link varietyin either
of the two herbicide treatmen(Sig. 3 and Fig
4.).

Across all varieties untreated or treated with
respective herbicide, Pdgp P and 7b Mn
increased yields compared to both starter
fertilizer treatments consisting of jugin (3 1b
and 7Ib Mn) and the control at P<0.10 (data
not shown).

Bushels per Acre

Seed and plant samples are currently being
processed for evaluation of seed quality and
plant tissue micronutrient concentrations.

oq

Figure 3. Liberty Link with
Glufosinate Applied Treatment
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Figure 4. Untreated Liberty Link
Yields

Figure 2. RoundUp Ready without
Glyphosate Applied Treatment
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OBJECTIVES FOR YEAR 2:

In yeastwo and threave will repeat the experiment as originally propogadther, we will plant

the same or similar soybean varieties in a similar experimental design and measure plant growth at
every growth stage. We will finish tissue nutrient and seed quality analyses fr@dilthseason

in year two. Preliminary results of this research will be presented at the 20L& 8SASSSA

annual international meeting in October 2013.

PROPOSED BUDGET

Category Year 2
Personnel
PhD Student $19,570
Undergraduate help $3,200
Field cost(fertilizers, herbicide, bags, etq  $2,500
Tissue and seed analyses (ICP, NIR, $3,200
ureide)
Travel $1,500
Total $29,970




Yield response to P & K fertilizers over landscapes

Peter Scharf, Kent Shannon, and Vicky Hubbard
University of Missouri, Plant Sciences Division and MU Extension

Objective:

The objective of this project is to measure grain crop yield response to P and K over
landscapes and identify factors that favor response. Soil tests are currently used as nearly
the only tool to predict response, but we know that many other factors are involved.

Accomplishments for 2012:
1  We set up five on-farm, field-scale P and K response tests with producers for 2012
o Allfive tests were in northwest Missouri, the only quadrant of the state where we
had not previously completed one of these tests.
- Corn yield response to P was measured in 4 of the fields
- Soybean yield response to K was measured in the fifth field.
o Yields were low in all corn fields due to drought stress. Soybean yields were
moderate due to late-season rains breaking the drought.
0 Analyses presented in this report are preliminary. Yield data were received starting
2.5 weeks before this report was due, and analyses are not yet completed.
- Additional analyses of these tests will be completed during the winter.
- Although 2012 is technically the last year for this project, another report will be
submitted in 2013 to report on the full analyses.

1  Additional funding has been
obtained from the USDA-NRCS
Conservation Innovation Grants
program to continue this project.
Seven producers have been
recruited to cooperate in doing
additional tests in 20137 four in
northeast Missouri, two in west-
central Missouri, and one in
northwest Missouri.

i Locations of field-scale P and K
response tests to date are shown
on the map to the right.

Corn field 1 (P)
1  Average corn yield response to
P in this field was 0.
1  Average yield in the test areas of this field was 54 bushels/acre.
1  Drought severely limited yield in this field and in all corn fields.
1  Low yields may have limited the potential for yield response to P.
1  However, dry soil conditions are known to inhibit P diffusion and uptake, which




could result in greater P response _ _
during dry conditions than under S CHuhLZRESNE U REepon~e PN »
ideal moisture. Average yield response =0 bu/ac “ P20.5 agr'_i?;b'bsmdj

1  Yields with and without P fertilizer g :
were compared on 12 pairs of side-
by-side strips, as shown at right.

1 Inthe strips receiving P, a
variable-rate application was made
with P rate ranging from 80 to 120
pounds of P,Os/acre.

i There were two parts of the field
(central & south-central) where areas
with apparent response to P were
clustered. This suggests the
possibility that there was a true yield
response to P in these areas. We 1
will further investigate whether this is
correlated to landscape features.

i Yield response to P was not
related to yield level in this field,
although yields varied widely due to
differences in water availability during
the drought.

Corn field 2 (P)

1  Average corn yield response to P in this field was 2 bushels/acre.

1  Average yield in this field was 56 bushels/acre.

1  Yields with and without P fertilizer were compared on 7 pairs of side-by-side strips.

1 Inthe strips receiving P, a variable-rate application was made with P rate ranging
from 80 to 120 pounds of P,Os/acre.

1  There were three areas of the field with apparent clusters of positive yield response to
P. This suggests the possibility that there was a true yield response to P in these areas.
We will further investigate whether this is correlated to landscape features.

i Yield response to P was not related to yield level in this field.

Corn field 3 (P)

1  Average corn yield response to P in this field was 0 bushels/acre.

1  Average yield in this field was 67 bushels/acre.

1  Yields with and without P fertilizer were compared on 3 pairs of side-by-side strips.

1 Inthe strips receiving P, a variable-rate application was made with P rate ranging
from 80 to 120 pounds of P,Os/acre.

1  Yield response to P was not related to yield level in this field.




Corn field 4 (P)
1  Average corn yield response to P in this field was 5 bushels/acre.
1  Average yield in this field was 42 bushels/acre.
1  Yields were compared between 1 strip without P fertilizer and yields with P fertilizer in
two adjacent strips, one on either side.
1 Inthe strips receiving P, a pm» g e e 1
variable-rate application was DL TR e arake St S
made with P rate ranging : i : e, ™
from 20 to 110 pounds of
P,Os/acre.

Soybean field 5 (K) - = =4 3

1  Average soybean yield : - K20 applied, Ibsfac.
response to K in this field . -
was 0 bushels/acre.

1  Average yield in this field
was 35 bushels/acre.

1  Yields with and without K
fertilizer were compared on 3
pairs of side-by-side strips.

1 Inthe strips receiving K, a
variable-rate application was made with K rate ranging from 40 to 60 pounds of
K,O/acre.

1 Inthe southwest part of the field, apparent responses to P were clustered. This
suggests the possibility that there was a true yield response to P in these areas. We will
further investigate whether this is correlated to landscape features.

® 41-60

SUMMARY

1  Yield response to P and K in five fields in northwest Missouri in 2012 was
minimal, with field-average response ranging from 0 to 5 bushels per acre.

1 Low yield level resulting from drought, especially for the corn, may have
contributed to low P and K responses.

91 Little evidence was seen that yield response to P or K was greater in higher-
yielding parts of the field.

1 Additional analyses of spatial patterns of yield response will be conducted to
see how soil test levels and landscape variables were related to yield response.

Conclusions from previous years:

1 Yield response to P and K was concentrated in one or two soils in each field
that we have analyzed.

1  There is a tendency for the most responsive soil to also be:
1  The highest yielding soll
1  The best-drained soil

1  Soll test values had no relationship to yield response to P and K in 2 of the 3
fields that we have completed our analyses on.




1 Inthe third field, soil test values for both P and K were low, and yield
responses were seen in areas with soil test P below 5 ppm or soil test K below 80
ppm. No yield response was seen in this field with soil test P of 5 ppm or greater,
or soil test K of 80 ppm or greater.

1  Strip trials to measure yield response to P and K are a practical and fairly
simple way for producers to better understand how to optimize P and K
management on their own farm.



2013

Managing phosphorus, manganese and glyphosate interactions to increase soybean yields
Felix B. Fritschi and James H. Houx Ill, Univ. of Missouri

Objectives and Relevance to the Missouri Fertilizer and Lime Industry
The overall objectie of this project is to examine the twand threeway interactions of P, Mn, and
glyphosate in response to fertilizer treatments and herbicide regimes.
4) To determine if poqup P applications will improve early season growth, soybean yield, and
seed quaty.
5) To determine if Mn fertilization will increase soybean yield and seed quality.
6) To examine if P and Mn fertilization individually or in concert increase yields of glyphosate
and glufosinate tolerant soybeans.

A large number of soils in Missouri are lawplant available P (Bray | P). It is well established

that yields of Rdeficient soybeans are reduced and that these soybeans have reduced N fixation
rates. Low P can reduce the growth of the soybean péarge the growth and function of the

nodules, and the growth of both the plant and the nodule (Israel, 1987; Israel, 1993; Sa and Israel,
1991; Almeida et al., 2000). Because P deficiency can strongly reduce yieldessgilided P
fertilization recommendations have been developed and are adgnased by US farmers.

However, because of its low mobility, P deficiencies can occur early in the season, even in soils
with adequate sotlest P levels particularly when soil temperatures are cool and root growth is slow.
Therefore, starter or peyp fertilizers often contain P in an attempt to stimulate early growth.

Glyphosate tolerant soybeans are an amazingly important contribution to our soybean industry.
However, vhen concerned about production of glyphosate tolerant soybeans, the question is
whether or not P fertilization can stimulate Mn uptake to overcome the Mn interaction with
glyphosate. We suggest that, for maximum soybean yields, a combination of Mn treatments and P
fertilization may be requiredThis project will provide informatioon the impact of popip P,
supplemental Mn, and their interactions on soybean yield responses and seed composition.

2013 ACCOMPLISHMENTS:

1 This year was the second year for the project evaluating application of starterugr Pop
fertilizer containingVin in order to stimulate plant growth and possibly overcome the Mn
and glyphosate interaction resulting in increased yields.

1 To assess the effect of herbicide interactions with starter eupdpfertilizer containing
Mn applications the following hertide x soybean treatments were imposed.
1) RR soybean with glyphosate applications
2) RR soybean without glyphosate applications
3) LL soybean with glufosinate applications
4) LL soybean without glufosinate applications

1 The following treatments were applied to MoySRT3930N RoundUp Ready and MorSoy
LL3939N LibertyLink soybean planted irf8o w , 150 row spacing, 3260
replicated four times. All treatments are on a per acre basis.



7) Popup P

8) Popup P and 3 Ib Mn

9) Popup P and 7 Ib Mn
10)3 1b Mn

11)7 Ib Mn

12)Cortrol (Nothing Applied)

20122013 RESULTS:

1 Even though Missouri experienced a severe drought and above average temperatures in
2012 yields of this project remained above the average soybean yield at the Bradford
Research Station near Columbia, Misso{irable 1,2,3)

Yield (Table 1)

1 Analysis of mean yieldevealed no differences in yield betweesfumrow treatments and

the untreated control (Table 1).
1 Spray treatments, spray or-spray of respective herbicide, also showed no difference in
yield.
There was no difference in yield between glyphosate and glufosinate resistant soybeans.
There was however, a difference in yield between 2012 and P&03001), with 2012
having the highst yield of 52.66 bu/ac (data not shgwn

= =4

Table 1.Mean yield of MoGoy soybean varieties across two years (2012, 2013) following
treatment with six iffurrow treatments sprayed with and without respective herbicide
(Glufosinate or Glyphosate) at the Bradford Research Center.

MorSoy RT3930N MorSoy LL3939N
(Glyphosate tolerant) (Glufosinate tolerant)

In-Furrow Treatment Sprayed No-sprayed Sprayed No-sprayed
------------------------------ bu/ac---------------=--mmmeme-
1) Popup P 48.10 46.95 48.34 47.73
2) Popup P and 3 Ib Mn 52.66 48.54 45.81 45.43
3) PopupP and 7 Ib Mn 47.33 54.84 46.21 46.48
4) 31b Mn 51.05 54.67 44.62 47.72
5) 7 Ib Mn 47.87 49.56 45.06 40.86
6) Control 47.49 49.02 46.49 44.90
Statistical significance (Pr>0.05) ns' ns ns ns
Mean 49.0" 50.000 46.0A0 45.50

Ans = means witin a column are not significantly differentleans within the same row followed by the same uppercase letter are
not significantly different a P=0.05



Seed Oil Concentration (Table 2)

1 NIR spectroscopy was used to determine percent oil on a dry masisr b

i Analysis of variance of the mean percent oil from 2012 and 2013 indicated
there was no effect of ifurrow treatment on oil concentration in the seedPa({05).

i There was a difference between years for seed oil concentr@&6r0001),
with 2012 taving 20.86%.

1 Analysisof mean oil also revealeadifference between varieties for olil
concentration atR<0.05) (table 2).

Table 2.Mean seed oil concentration (as percent) of MorSoy soybean varieties across
years (2012, 2013) following treatmentthwsix infurrow treatments sprayed with and
without respective herbicide (Glufosinate or Glyphosate) at the Bradford Research Cer

MorSoy RT3930N MorSoy LL3939N
(Glyphosate tolerant) (Glufosinate tolerant)

In-Furrow Treatment Sprayed No-sprayed Sprayed No-sprayed

______________________________ 1
1) Popup P 20.61 20.49 19.82 20.16
2) Popup P and 3 1b Mn 20.51 20.15 19.98 20.32
3) Popup P and 7 Ib Mn 20.53 20.54 19.74 19.87
4) 31b Mn 20.56 20.36 19.98 20.11
5) 7 Ib Mn 20.32 20.87 19.95 19.79
6) Control 20.48 20.68 20.00 20.34

Statistical significance (Pr>0.05) ng ns ns ns

Mean 20.5AA 20.522 19.9B 20.1B

Ans = means within a column are not significantly differévieans within the same row folled by the same uppercase letter are
not significantly different a P=0.05

Seed Protein Concentration (Table 3)
1 Seed protein concentration was also determined my NIR spectroscopy.
1 Seed protein differed between ye@?s0.001),with 2013 having the higheamount of
protein at 42.28 (data not shown).
1 In-furrow treatment did not influence seed protein concentréfo0.5719).
1 There was a difference between varieties for seed protein concentratfx® &5) with
MorSoy LL3939N having more protein than MoggRT3930N.



Table 3.Mean seed protein concentration (as percent) of MorSoy soybean varieties ac
three years (2012, 2013) following treatment with sikuimow treatments sprayed with anc
without respective herbicide (Glufosinate or Glyphosat®heaBradford Research Center.

MorSoy RT3930N MorSoy LL3939N
(Glyphosate tolerant) (Glufosinate tolerant)

In-Furrow Treatment Sprayed No-sprayed Sprayed No-sprayed
______________________________ 0/ ~==mm e
1) Popup P 40.42 40.91 41.84 42.05
2) Popup P and 3 Ib Mn 40.64 41.23 41.98 41.62
3) Popup P and 7 Ib Mn 40.65 40.78 42.34 42.09
4) 31b Mn 40.88 41.28 41.78 41.87
5) 7 Ib Mn 41.23 40.47 41.95 42.54
6) Control 40.99 40.78 41.88 41.58
Statistical significance (Pr>05) ng ns ns ns
Mean 40.8@* 40.91B 41.96A 41.96A

A ns = means within a column are not significantly differédeans within the same row followed by the same uppercase letter are
not significantly different a P=0.05

OBJECTIVES FOR YEAR 3:

In year three we will repeat the experiment as originally propdsedher, we will plant the same

or similar soybean varieties in a similar experimental design and measure plant growth at every
growth stage. We will finish tissue nutrient and seed qualéyyaas from the 2013 season and
continue with sampling protocol of harvest yield at the end of the season. We intend to present
preliminary results of this research at the 2014 ASBSASSSA annual international meeting in
October 2014.

Proposed Budget ér 2014

Category Year 3
Personnel
PhD Student $20,157
Undergraduate help $3,200
Field cost (fertilizers, herbicide, bags, etf $2,500
Tissue and seed analyses (ICP, NIR, $3,200
ureide)
Travel $1,500
Total $30,557
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Managing phosphorus, maganese and glyphosate interactions to increase soybean yields
Felix B. Fritschi and James H. Houx Ill, Univ. of Missouri

Objectives and Relevance to the Missouri Fertilizer and Lime Industry
The overall objective of this project is to examine the-taralthreeway interactions of P, Mn, and
glyphosate in response to fertilizer treatments and herbicide regimes.
7) To determine if pojup P applications will improve early season growth, soybean yield, and
seed quality.
8) To determine if Mn fertilization will incease soybean yield and seed quality.
9) To examine if P and Mn fertilization individually or in concert increase yields of glyphosate
and glufosinate tolerant soybeans.

A large number of soils in Missouri are low in plant available P (Bray | P). It isastblished

that yields of Rdeficient soybeans are reduced and that these soybeans have reduced N fixation
rates. Low P can reduce the growth of the soybean péarge the growth and function of the

nodules, and the growth of both the plant and thatute (Israel, 1987; Israel, 1993; Sa and Israel,
1991; Almeida et al., 2000). Because P deficiency can strongly reduce yieldessgilided P
fertilization recommendations have been developed and are commonly used by US farmers.
However, because @ low mobility, P deficiencies can occur early in the season, even in soils

with adequate sctlest P levels particularly when soil temperatures are cool and root growth is slow.
Therefore, starter or peyp fertilizers often contain P in an attempstimulate early growth.
Glyphosate tolerant soybeans are an amazingly important contribution to our soybean industry.
However, vhen concerned about production of glyphosate tolerant soybeans, the question is
whether or not P fertilization can stimuld#in uptake to overcome the Mn interaction with
glyphosate. We suggest that, for maximum soybean yields, a combination of Mn treatments and P
fertilization may be requiredThis project will provide information on the impact of pop P,
supplemental Mn,rad their interactions on soybean yield responses and seed composition.

RESULTS:

1 Analyses for 2012 and 2013 experiments have been completed. Statistical and compositional
analyses from the 2014 season are ongoing and not finalized yet.

1 Even though Missauexperienced a severe drought and above average temperatures in
2012 yields of this project remained above the average soybean yield at the Bradford
Research Station near Columbia, Missouri.

1 Conditions in 2014 resulted in greater yields than in 20t22813. The impact on seed oil
and protein are yet to be determined.

Yield (Tables 1 and 2

1 Analysis of mean yieldevealed no differences in yield betweesurmrow treatments and
the untreated control in years one and two (Table 1)

1 Spray treatmentspsay or nespray of respective herbicide, also showed no difference in
yield in the first two years. Analyses are underway for year 3 (Table 2).

1 There was no difference in yield between glyphosate and glufosinate resistant soybeans.



1 Yields among the theeyears compared as follows: 2014 > 2012 >2013

Table 1.Mean yield of MorSoy soybean varieties across two years (2012, 2013) followir
treatment with six ifurrow treatments sprayed with and without respective herbicide
(Glufosinate or Glyphosate) ateliBradford Research Center.

MorSoy RT3930N MorSoy LL3939N
(Glyphosate tolerant) (Glufosinate tolerant)

In-Furrow Treatment Sprayed No-sprayed Sprayed No-sprayed
------------------------------ bu/ac------------=--mmmmmmemeae
1) Popup P 48.10 46.95 48.34 47.73
2) Popup P and 3 1b Mn 52.66 48.54 45.81 45.43
3) Popup P and 7 Ib Mn 47.33 54.84 46.21 46.48
4) 31b Mn 51.05 54.67 44.62 47.72
5) 7 Ib Mn 47.87 49.56 45.06 40.86
6) Control 47.49 49.02 46.49 44.90
Statistical significance (B0.05) ng' ns ns ns
Mean 49.0" 50.000 46.0A0 45,50

Ans = means within a column are not significantly differédeans within the same row followed by the same uppercase letter are
not significantly different a P=0.05

Table 2. Mean yield ofMorSoy soybean varietider 2014following treatment with six in
furrow treatments sprayed with and without respective herbicide (Glufosinate or Glypho:
at the Bradford Research Center.

MorSoy RT3930N MorSoy LL3939N
(Glyphosate tolerant) (Glufosinate tolerant)

In-Furrow Treatment Sprayed No-sprayed Sprayed No-sprayed

------------------------------ bufac-----=-=-sseneeceananans
1) Popup P 70.55 58.38 62.47 62.67
2) Popup P and 3 1b Mn 61.30 59.12 71.76 64.66
3) Popup P and 7 Ib Mn 64.26 64.76 63.80 60.78
4) 31b Mn 62.77 67.79 61.65 62.32
5) 7 Ib Mn 62.73 66.14 71.13 61.41

6) Control 60.95 53.68 61.62 63.64




Seed Oil Concentration (Table 3

1 Compositional analyses from the 2014 season are not finalized yet (data not shown)

1 NIR spectroscopy was used to determine percent oil on a dry matter basis.

1 Analysis of variance of the mean percent oil from 2012 and 2013 indicated there was no
effect of infurrow treatment on oil concentration in the seeda(05).

1 There was a differeecbetween years for seed oil concentrat®n0(0001), with 2012
having 20.860.

1 Analysisof mean oil also revealeadifference between varieties for oil concentration at
(P<0.05) (Table3).

Table 3 Mean seed oil concentration (as percent) of MorSopaay varieties across two
years (2012, 2013) following treatment with sixfumrow treatments sprayed with and
without respective herbicide (Glufosinate or Glyphosate) at the Bradford Research Cer

MorSoy RT3930N MorSoy LL3939N
(Glyphosate tolerant) (Glufosinate tolerant)

In-Furrow Treatment Sprayed No-sprayed Sprayed No-sprayed
______________________________ 0/0 == m—mm -
1) Popup P 20.61 20.49 19.82 20.16
2) Popup P and 3 1b Mn 20.51 20.15 19.98 20.32
3) Popup P and 7 liMn 20.53 20.54 19.74 19.87
4) 31b Mn 20.56 20.36 19.98 20.11
5) 7 Ib Mn 20.32 20.87 19.95 19.79
6) Control 20.48 20.68 20.00 20.34
Statistical significance (Pr>0.05) ng' ns ns ns
Mean 20.504 20.522 19.91B 20.1B

Ans = means within a columare not significantly differentMeans within the same row followed by the same uppercase letter are
not significantly different a P=0.05

Seal Protein Concentration (Table 4

1 Compositional analyses from the 2014 season are not finalized yet (dateowoi)

1 Seed protein concentration was also determined by NIR spectroscopy.

1 Seed protein differed between yef?s0.001),with 2013 having the highest amount of
protein at 42.28 (data not shown).

In-furrow treatment did not influence seed protein concéatréP>0.5719).

There was a difference between varieties for seed protein concentratfa® &t5) with
MorSoy LL3939N having more protein than MorSoy RT3930N.

= =



Table 4. Mean seed protein concentration (as percent) of MorSoy soybean varieties ac
three years (2012, 2013) following treatment with skfurrow treatments sprayed with anc
without respective herbicide (Glufosinate or Glyphosate) at the Bradford Research Cer

MorSoy RT3930N MorSoy LL3939N
(Glyphosate tolerant) (Glufosinate tolerant)

In-Furrow Treatment Sprayed No-sprayed Sprayed No-sprayed
______________________________ 0/ ~==mm e
1) Popup P 40.42 40.91 41.84 42.05
2) Popup P and 3 Ib Mn 40.64 41.23 41.98 41.62
3) Popup P and 7 Ib Mn 40.65 40.78 42.34 42.09
4) 31b Mn 40.88 41.28 41.78 41.87
5) 7 Ib Mn 41.23 40.47 41.95 42.54
6) Control 40.99 40.78 41.88 41.58
Statistical significance (Pr>0.05) ng ns ns ns
Mean 40.8@* 40.91B 41.96A 41.96A

A ns = means within a column are not signifitauifferent Means within the same row followed by the same uppercase letter are
not significantly different a P=0.05

Remaining tasks:

Seed oil and protein compositional analyses for 2014 as well as associated statistical analyses
remain to be complete Once that data is in handhadysis ofdata fromall three yearseeds to be
completed.Thus, we will conduct final analyses and data interpretation with all data in hand, and
will derive conclusions that are based on the entioétthe project. Wexpect to present the study
results at the Annual Meetings of the AR SASSSA in Minneapolis in 2015.
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(Report received after publication of last Soil Fertility Update)

Impact of micronutrient packages on soybean yields in Missouri

Felix B. Fritschi and James H. Houx lll, Univ. of Missouri

Objectives and Relevance to the Missouri Fertilizer and Lime Industry:
The main objective of this research is to determine the effect of various micronutrient packages
offered by the fertilizer industry on soybean yield and seed quality.
The specific objectives are to:
10)quantify the impact of priormulated micronutrient packages on yield and seed quality
of glyphosate as well agufosinate resistargoybean cultivars.
11)measure micronutrient uptake by the soybean plants and develop nutrient response
curves.
12)determineeffects of applications on soil micronutrient status.

The use of micronutrients is increasing as the costs of fungicides and pesticides have many growers
ard producers focused on balanced plant nutrition to optimize plant health (Brown, 2008). Pre
formulated micronutrient packages are advertised to improve yields and nutritional content of

Mi ssouri 6s crops. | ncr e as e dintogreatércetsirnsdon d gr ai n
Missouri producers and increased fertilizer sales. Statistics on micronutrient use and yield
improvement in Missouri are scant. However, evigher crop yields and, with the advent of

cellulosic biofuel production, increaseswhole plant removal will result in more micronutrients

| eaving farmerso fields. This increase in mic
in soil supply power (associated with reductions in soil organic matter caused by the renmatal of

only grain yield but also crop residues) emphasize the importance to critically examine the role of
micronutrient fertilization in Missouri.

Dozens of micronutrient formulations are available for the Ag market in general and soybean
producers in paicular (SoyScience, Pro Bean Mix, Bean Mix, and Crop Mix among others).
However, evaluation of product performance by independent researchers is largely lacking,
complicating the decision making process for farmers. For producers like Kip Cullers,

micronutrient packages are likely a necessary management practice to meet the demands of ever
more productive soybeans. Although most producers do not aspire to achieve world record yields,
applications of micronutrients may increase their yields and ecormtimm line. Because

glyphosate interacts with Mn both in tank mixtures and in the plant (Bernards et al., 2005), products
that aim to combat GIMD may be particularly promising. However, because these products are
relatively new to the Missourimarkehei r ef fect on the fAaverageo s
uncertain.



2012 ACCOMPLISHMENTS:

T
T

This year was the second year of the project evaluating micronutrient packages on soybean
yield, micronutrient uptake and soil micronutrient status.

We presented owreliminary data on both yield and seed quality at the 2012-BSA-

SSSA Annual Meeting in Cincinnati Ohio. The data presented encompassed 2011 results
and garnered considerable attention from private industry, government, and university
researchers.

The following treatments were applied to MorSoy RT3930N RoundUp Ready and MorSoy
LL3939N LibertyLink soybean planted irr8w, 15inchrow spacing, 3@eetlong plots
that were replicated five times.

1)Uni ted Suppliersd Soveme)i gn (foliar;

2JAgri umbés Bean Mi xhelatedookides andgsulghatas) ar ; n

3) Tetra Micronutrientsd Pro Bean Mi x
chelates)

4) Hel enabs HM609 (foliar or soil ; I

5) Ag E xSpySadence {diar; liquid; neohelated sulphates)

6) St otralPewerdlisluidXfoliar or soil; MEA chelate)

7) Tetra Micronutrientodos ManGro (foldi

8) untreated control

1 To assess the effect of herbicide interactioith #he micronutrient applications the

following herbicide by soybean cultivar treatments were imposed.
5) RR soybean with glyphosate applications
6) RR soybean without glyphosate applications
7) LL soybean with glufosinate applications
8) LL soybean without glufosinia applications

2012 PRELIMINARY RESULTS:

1 Two years of data from 2011 and 2012 have been combined and are presented in following

figures. Despite the severe drought this past
summer and the use of rescue irrigation,
soybean yields in this experimentngeabove
average for the Bradford Research and

Figure 1. RoundUp Ready
Sprayed Variety Yield

Extension Center (Fig. 1, 2, 3, 4). 65
v 60 | | I O I S
After combining two years of data statistical % o
analysis found no significant difference betwe: &
any treatments in RR soybeans treated with 4 50 -
glyphosate. (Fig. 1). G
m 45 -
40 -
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Figure 2. RoundUp Ready

A maminally significant yield increase (P<0.10) in NonSprayed Variety

response tdetra Micro ProBean application was four 65
in MorSoy RT when conventional (no glyphosate)
weed management practices were applied (Fig. 2).

o o
| | |
L
|

No significant yield differences among micronutrient
treaments were observed for MorSoy LL when

Bushels per Acre
&~ 1oy
i
|

glufosinate was applied as part of a typical weed 40 P 6 e D @
management program (Fig. 3). & ;pa“‘oﬁ" o \x\fao“‘\?éc@
& & ("*}z 0,0{ ? & (35@
No significant yield differences were observed for & & & & &
MorSoy LL when conventional (no glufosinate) weed v \@“'b &
management practices were appliédg @)
Seed and plant samples are currently being processed
for evaluation of seed quality and plant tissue Figure 3. Liberty Link Sprayed
micronutrient concentrations Variety
OBJECTIVES FOR YEAR 3: g zz
p T T
In year three we will repeat the experiment againas & > 171
originally proposed. We will planhe same or similar g 50
soybean varieties in a similar experimental design andg s
sample plants five times from emergence to early 0
reproductive stage. We will finish tissue nutrient and ,\@@ Qd&‘ & P E S S
>

seed quality analyses from the 2011 and 2012 season. ¢
We intend to present ovesults of this research at the %&0@ ~ &
2013 ASACSSASSSA annual meeting in October & %
2013. As well, manuscripts of the research findings ¥
will be prepared.

PROPOSED BUDGET: Figure 4. Liberty Link
Category Year 3 NonSprayed Variety
Personnel 65

Graduate Student $18,000 5 60 T T 7

Undergraduate help $3,200 ; cs |
Field most (fertilizers, $2,000 by .
herbicide, bags, etc.) £
Tissue and seed analyses $4,300 2
Travel $1,200 40 - . R )
Total $28,700 EE G F O E S
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Comparison of Impregnated Dry Fertilizer with S and Zn to Blends for Corn

Investigators:
Kelly Nelson, Div. of Plant Sci., Univ. of &, Novelty

Bruce Burdick, Hundleywhaley Center, Univ. of MO, Albany

Peter Motavalli, Dep. of Soil, Environ., and Atmos. Sci., Univ. of MO, Columbia
Manjula Nathan, Div. of Plant Sci., Univ. of MO, Columbia.

Matthew Caldwell, Div. of Plant Sci., Univ. of ®, Novelty

Objective and Relevance:

High yielding corn and soybean production systems in Missouri have renewed an interest in
micronutrient management such as sulfur which is essential for protein formation and Zn which is
important for enzymes and metdibaeactions. Yield increases to sulfur applications are more
likely to occur during cool, wet springs when mineralization and crop growth are slow as a result of
a decrease in atmospheric sulfur deposition. Soil tests in 2010 indicated that overtb8% of
samples in upstate Missouri had low0(6 ppm) to medium (0.7 to 1.0 ppm) soil test Zn (Nathan,
unpublished). Similarly, over 70% of the soil test samples were very low to medium for Bray 1P.

Fertilizer manufacturing has progressed to accommodateundoem distribution of
nutrients in an individual fertilizer granule. Each prill is formulated to contain N, P, S, and/or Zn
rather than a blended product that includes individual prills of individual nutrients. In a blend, there
may be a certain amouaf segregation that may occur which often affects the uniformity of
distribution when the blended fertilizer is applied in the field. This poor distribution of applied
blended fertilizer may be significant for recommendations of 5 to 10 Ibs of Zn/agpécally,
soluble S sources, such as ammonium sulfate or ammonium thiosulfate, are recommended over
elemental S and ZnS@ a common source of Zn.

Impregnated granules where S and Zn are added in layers to the MAP prill allows for a more
uniform distritution of fertilizer which allows roots to have a higher probability of contact with the
fertilizer granule and may enhance fertilizer efficiency. Mosaic has formulated MES20-(L2
10S) and MESZ (1-20-0-10S1Zn) with two forms of sulfur (50% sulfate @50% elemental S).

MESZ includes Zn as zinc oxide. These formulations are targeted primarily for corn, soybean,
wheat and rice. This combination has been promoted to increase P uptake up to 30%. The
availability of Zn to the plant has been promotedeiadp10 to 45% greater with the Mosaic
product.

The objectives of this research are to 1) evaluate P rates of MES10 and MESZ formulations
to equivalent blends of MAP, Zn, and S, and 2) evaluate Zn&6€s in a blend with MAP or DAP
compared to MES10 arMESZ formulations on grain yields and uptake of micronutrients in a
cornsoybean rotation.

Materials and Methods
1 Field researclwasconductedat two locationgNovelty and Albanyin 2013
o Corn plots were established in 2013 at both locations. Presgsaarch conducted in
2011 and 2012 at Novelty was also reported. Initial soil characterisiiégsdhes deep
for objectives 1 and 2 are reported in Table 1.




o Additional corn plots will be established in 2014 and followed by soybean in 2015 for
objective#1.

o Objective #2 will evaluate corn response in 2014 and the subsequent soybean response
in 2014 and 2015.

0 The treatmentat eaclsitewerearranged as randomized complete block designs with 4
and 5 replications at Albany and Novelty, respectively.

o Soiltest P, Zn, and S£5 at a 6 inch depth following corn was evaluated in 2013 and
will be evaluated in 2014.

o Corn ear leaf tissue P, Zn and S®samples for 2013 were analyzed by the University
of Missouri Soil and Plant Testing Lab, and will be colleaad determined at both
locations in 2014.

1 Objective 1: Evaluate P rates of MES10 and MESZ formulations compared to equivalent
blends of MAP, Zn, and S. Treatments are listed in Table 4.

o Field management information for the corn sites at Albany in 20d3Nanelty in 2011,
2012, and 2013 as well as the rotational crop (soybean) at Novelty in 2012 and 2013 is
reported in Table 2. Soybean plots had no additional fertilizer application and were in
the same location as the corn plots the previous year.

o Corn yelds were reported for Albany in 2013 and Novelty in 2011, 2012, and 2013.
Yields were adjusted to 15% prior to analysis.

0 Soybean yields following corn treatments in 2011 and 2012 were reported for Novelty.
Yields were adjusted to 13% prior to analysis.

1 Objective 2: Evaluate ZnS@ates in a blend with MAP or DAP compared to MES10 and
MESZ formulations. Treatments are listed in Table 6.

o Field management information for the corn sites at Albany in 2013 (continuous corn and
corn following soybean siteghd Novelty in 2011, 2012, and 2013 as well as the
rotational crop (soybean) at Novelty in 2012 and 2013 is reported in Table 3. Soybean
plots had no additional fertilizer application and were in the same location as the corn
plots the previous year.

o Cornyields were reported for Albany continuous corn and corn following soybean
(rotation) in 2013 and Novelty in 2011, 2012, and 20i8lds were adjusted to 15%
prior to analysis.

0 Soybean yields following corn treatments in 2011 and 2012 were reportedvieltyN
Yields were adjusted to 13% prior to analysis.

Results

All of the sites had very low to medium soil test P, except for the-mybean rotation site
at Albany for objective 2 (Table 1). Similarly, soil test;S®was medium for all of the et except
for the cornasoybean rotation site at Albany for objective 2. Soil test Zn was low at all of the
Novelty sites, but was medium to high at the two Albany sites in 2013 for objective 2.

Objective 1

Corn plant population was 27,000 to 32,00(hggéacre at Novelty (2032013) and no
differences among treatments were observed at Albany in 2013 (data not presented). There was no
effect of fertilizer treatments on grain moisture at Albany or Novelty, while there was no difference
in test weight aNovelty (data not presented).

Rainfall was above average in the spring of 2011 which was followed by moderately dry
conditions during the summer. Corn grain yields were greatest with MESZ at 110#mcRe



(151 bu/acre), MES10 at 110 Ibg/acre (B0 bu/acre), and MAP at 110 Ibgd?/acre (150
bu/acre) at Novelty in 2011 (Table 4). All treatments were similar to MESZ at 1160b/aére
except MAP at 70 lbs®s/acre, urea at 28 Ibs N/acre, and urea at 46 Ibs N/acre. No significant
differences among treatments were observed at Novelty in 2012 or 2013, which was probably
related to extremely dry conditions in 2012 and a flash drought in 2013. Grain yields at Albany in
2013 were greatest witlAP + ZnSQ + AMS at 110 Ibs RFOs/acre (148 bu/acre), MAat 110 Ibs
P,Os/acre (147 bu/acre), MAP + AMS at 110 IbgFacre (147 bu/acre), MES10 at 110 Ibs
P,Os/acre (146 bu/acre), and MESZ at 110 Ib®4Racre (145 bu/acre). Reduced rates of MAP (75
Ibs B.Os/acre) were generally lower th&hAP + ZnSQ + AMS at 110 Ibs POs/acre. No
differences among soybean yields were detected in 2012 at Novelty following fertilizer treatments
to cornin 2011. However, soybean yields (35 to 36 bu/acre) were similar for ®tES3D Ibs
P.Os/acre, MAP + AMSat 110 Ibs FOs/acre, MAP + ZnSQ + AMS at 75 or 110 |Ibs s/acre,
and urea at 46 Ibs N/acre in 2012.

There was no difference in solil test P levels following corn at Novelty in 2013 (Table 5).
All fertilizer treatments with Zrexcept MESZ at 110 Ibs;®s/acreincreasedoil test Zn
concentration compared to treatments without Zn at Novelty in 2013. No differences among Zn
rates were detected. Soil test,;S®was greatest with MES10 at 18 Idac®e which was similar to
MES 10 at 28 Ibs/&cre MESZ at 18 or 28 Ibs/&re, and MAP + AMS at 28 Ibs/8cre These
treatments increased soil test,S®concentrationsompared to thether treatmentsSoil samples
at the Albany location will be collected in the spring, 2014. At Novelty, ear leaf P concentration
increased wh MESZ at 110 Ibs ®s/acre, and all MAP treatments except MAEZRSQ, + AMS
at 70 Ibs RFOs/acre compared to the ntreated control. MAP + AMS at 110 lbs®/acre had the
highest ear leaf P concentration (0.308 %) which was similar to MESZ and thé&/dtRe
treatments applied at 110 lbg/acre.

In summary, average corn grain yields were greatest (114 bu/acre) with MAP at 110 Ibs
P,Os/acre followed by MESZ at 110 lbs®y/acre (113 bu/acre) aiMAP + ZnSQ + AMS at 110
Ibs ROs/acre (111 bu/acre). Mever, MESZ at 110 Ibs,Ps/acre, MAP + AMS at 110 Ibs
P,Os/acre, and urea at 46 Ibs N/acre had the highest average soybean yields (38 bu/acre) the
following year.

Objective 2

Grain moisture and plant populations were similar among treatments folloaringicsoybean
at Albany and following soybean at Novelty (data not presented). Corn test weight was lowest in
the nontreated, no N control at Novelty, but limited differences were observed among Zn
treatments (data not presented).

MAP or DAP were tread with a liquid formulation of Super Zinc (Helena Chemical Co., 2255
Schilling Blvd, Suite 300, Collierville, NT 38017) in 2013. At Novelty, corn grain yield was
highest with MESZ and MAP + SuperZn + AMS in 2011; MESZ,-trelated anaho N control, and
N only in 2012, and MES2MIAP + ZnSQ, (5 lbs Zn/acre} AMS, MAP + SuperZn (5 lbs Zn/acre)

+ AMS, and DAP + AMS in 2013 (Table 6). Average corn yield for the 5ygites evaluated to

date ranked MESZ (109 bu/acre), MES10 (105 bu/acMpR + ZnSQ (5 Ib Zn/acre)+ AMS

(105 bu/acre), and DAP (104 bu/acre). Average soybean yields were 40 bu/acre with the non
treated and no N control, N only control, MESZ, and DAP for Novelty in 2012 and 2013, but there
was naosignificant treatment effect on soybean yieldthin 2012 or 2013.

All treatments increased ear leaf P concentration compared to thiieeated, no N control at
Novelty in 2013 (Table 7). The inclusion of MAP or DAP generally increased ear leaf P
concentration compared to the N only treatmenter&hwere limited differences in P concentration
among P treatments at Novelty. All treatments increased ear leaf S and Zn concentration compared



to the nortreated, no N control at Novelty, but treatments with S and Zn had ear leaf concentrations
that wee similar to the N only control. Ear leaf Zn concentration was greatest with MESZ and

DAP + AMS at Albany in continuous corn, but inconsistent differences among treatments were
observed at this location. Ear leaf S was greatest with DAP + AMS, bukediffes among

treatments were inconsistent.

At Novelty, all treatments increased soil test P compared to th&reated, no N control (Table
8). MAP or DAP + ZnS@+ AMS at 2 Ibs Zn/acre and MAP or DAP + Super Zn + AMS at 5 Ibs
Zn/acre increased soil tegh 1.2 to 2.9 ppm compared to the rtoeated controls. MES 10 and
MESZ increased soil test S compared to the N only control, while blends of MAXR &t 2 Ibs/a +
AMS and DAP + Super Zn at 2 Ibs/a or ZnSOAMS significantly increased soil test S cpaned
to the N only control.

There was no difference in ear leaf P, Zn, or S concentration among treatments at Albany with a
cornsoybean rotation (Table 7), which was probably due to the high soil test P, Zn, and S at this
location (Table 1). Similarlyno difference in soil test P or Zn was observed at the Albany site in a
cornsoybean rotation (Table 8). Nonetheless, S concentrations were increased with MES10, MAP
+ AMS, and DAP + Super Zn + AMS.

The continuous corn site at Albany had several treatathat increased soil test P concentration,
but Zn treatments had no significant impact on soil test Zn concentration when compared to the no
treated controls. When compared to the N only control,i S@ the soil increased with all
treatments thancluded a S additive. Soil test 38 was similar between MES10 and MESZ
when compared to the addition of AMS.

Summary:

1 In objective 1, the carry over effect of fertilizer treatments from corn to soybean indicated
MESZ at 110 Ibs fs/acre had high avege corn (4 sitg/ears) and soybean (2 siears)
yields. Soil test Zn increased with all treatments that included Zn regardless of rate, and soll
testSQO,-Sincreased with MES10 at 18 Ibs S/acre, MES 10 at 28 lbs S/acre, MESZ at 18 or
28 Ibs S/acre, anbIAP + AMS at 28 Ibs S/acre at Novelty in 2013. Ear leaf P
concentration was greatest with MAP + AMS at 110 li8sRacre and was similar to the
high rates of MAP or MESZ.

1 In objective 2, MESZ at 110 Ibs®s/acre had the greatest yield average for comités
years) and the neimeated and no N control, N only control, MESZ, and DAP had similar
soybean yields (2 sigears). At sites with low soil test P and S, selective fertilizer
treatments significantly increased soil test P and S following cornliB. 280il test Zn
increased with selective treatments at Novelty in 2013, but not at Albany with low or high
initial soil test Zn.



Table 1.Initial soil chaacteristics €6 inches deep for Objectives 1 and 2 at Albany in 2003 and Novelty in 2011, 28201

Objective 1 Objective 2
2011 2012 2013 2011 2012 2013 2013 Albany 2013 Albany
Soil characteristics Novelty Novelty Novelty Novelty Novelty Novelty Rotation Continuous corn
pHs 6.2+0.2 5.9+0.2 5.7+ 0.6 6.0+0.1 6.2+0.2 5.1+ 0.6 6.4+0.4 5.1+0.2
Neutralizable acidity (meg/100g) 1.9+0.4 1.7+0.3 3.5+25 1.9+0.2 1.1+04 5.4+55 19+14 45+1.1
Organic matter (%) 2.4+0.2 2.7+0.2 2.1+0.2 2.3+0.1 2.9+0.2 2.0+0.2 4.4+0.3 2.6+0.3
Bray 1P (Ib/acre) 22.6+3.8 16.8+ 1.8 32.8+2.6 14.0+2.1 14.0+ 1.9 19.6+8.0 140+5 22.0+6.7
(s (VL) (M) (VL) (VL) L) (E) (L)
Ca (Ib/acre) 4140+ 160 4080+ 340 3230+ 580 4060+210 4290+280 3280+340 5590+ 670 3230+ 380
Mg (Ib/acre) 369+ 25 305+ 28 270+ 30 350+ 33 310+ 30 293+ 44 650 25 410+ 57
K (Ib/acre) 176+ 8 162+ 11 162+ 24 144+ 10 160+ 20 114+ 34 400+ 30 209+ 39
SO,4-S (ppm) 7.3+1.2 7.3+0.6 2.0+0.2 58+1.1 6.4+ 0.7 1.6+0.3 8.6+0.8 5.7+0.4
(M) (M) (M) (M) (M) (M) (H) (M)
Zn (ppm) 0.3+0.1 0.4+0.1 0.5+0.1 0.2+0.1 0.5+0.1 0.3+0.1 1.8+0.1 1.0+ 0.3
(L) (L) (L) (L) (L) L) (H) (M)
Mn (ppm) 16.1+0.6 20.8+2.1 22.3+2.7 16.7+0.8 49.3+7.4 17.2+1.7 -
Fe (ppm) 45.0+2.8 64.8+8.2 64.2+5.5 38+1.0 49.3+7.4 48.3+12.4
Cu (ppm) 0.6+0.1 0.7+0.1 0.6+0.1 0.6+0.1 0.6+0.1 0.4+0.1
CEC (meq/100 g) 14.0+ 0.7 13.4+0.9 12.9+ 2.5 13.7+ 0.8 13.3+0.7 14.2+3.2 19.1+1.4 14.6+1.1

fAbbreviations: E, excessive; VH, very high; H, high; M, medium; L, low; and VL, very low.
YNot determined at this site.



Table 2. Field and management information for tteen sitesat Novelty in 2011, 2012, and 2013 as well as Alban2013 to evaluate pbsphorus

rates of MES10 and MESZ formulations compared to equivalent blends of MAP, Zn, and S and the subsequent effect on soybean the

following year(Objective #1).

2011 2012 2012 2013 2013
Novelty Novelty
Management information Corn ft Soybean Corn ft Soybean Novelty Albany
Plot size (ft) 10 by 40 10 by 40 10 by 40 10 by 40 10 by 50 10 by 30
Hybrid or cultivar DKC 63-84 Ag3730 DKC 63-84 Morsoy LL 3759N DKC 63-25 VT3 DK 61-89
Planting date 12 Apr. 25 Apr. 2 Apr. 17 May 15 May 30 Apr.
Row spacing (inches) 30 15 30 7.5 30 30
Seeding rate (seeds/acre) 31,000 180,000 33,000 160,000 33,000 29,000
Harvest date 22 Sep. 9 Oct. 28 Aug. 10 Oct. 7 Oct. 5 Nov.
Maintenance fertilizer 31 Mar. 2011 NA 18 Nov. 2011 NA 30 Nov. 2012
Nitrogen 180 Ibs N/acre 190 Ibs N/acre 180 Ibs N/acre (AA) 180 Ibs
(AA) (AA) + N-serve a N/acre (AN
1 gt/acre
P-S-Zn application date 6 May NA 28 Nov. 2011 NA 25 Apr. 26 Apr.
Tillage No-till No-till No-till No-till No-till Minimum
Weed management
Burndown/Preemergence 5 Apr., Roundu; 25 Apr., Sharpen 1 19 Mar., Verdict £ 17 May, Sharpen 1 17 May, Lexar 3 gt/a + MSO 1¢ 30 Apr.
Power MAX 32 oz/a + 0.25% v/v NIS oza + Roundup oz/a + Roundup v/v + UAN 1 gt/a + Roundup Lexar 3.1
oz/a + Verdictt + UAN 1 gt/a+ PowerMAX 32 PowerMAX 32 oz/a PowerMAX 32 oz/a gt/a
oz/a + AMS 17 Roundup PowerMAX oz/a+ AMS 17 + UAN 1 gt/a + MSC
Ib/100 gal 32 oz/a Ib/100 gal 1% viv
Postemergence 17 May, Degree 24 May, Reflex 1.25 10 May, Lexar 4 June, Liberty 32 3 June
Xtra 3 gt/a pt/a + Roundup 2.25qt/a + oz/a + AMS 17 Roundup
PowerMAX 32 oz/a A Roundup Ib/100 gal PowerMAX
UAN 1 gt/a + 0.25% PowerMAX 32 1 July, Liberty 32 32 oz/a
v/v NIS oz/a +0.25% v/v oz/a + Prefix 2.25
22 June, Roundup NIS pt/a + AMS 17 Ib/10
PowerMAX 32 oz/a gal + 0.25% v/v NIS
AMS 17 Ib/100 gal +
0.25% v/v NIS
Insect management 17 May, Warrio NA 10 May, Warrior || NA NA NA
Il 2 0z/a 2 oz/a
Disease management NA NA NA NA NA NA

"Abbreviations: AA, anhydrous ammonia; AN, ammonium nitrate; fb, followed by; MSO, methylated seed oil; NA, none appligdy ancka

ammonium nitrate.



Table 3.Field and management information for the corn sites established at Alb2dy3r(corrsoybean rotation and continuous corn) and Novelty in 2011, 2012,

and 2013 to evaluate Zn rates in a blend with MAP or DAP compared to MES10 and MESZ formulations (Objective #2).

2011 Novelty 2012 Novelty 2011 Novelty 2012 Novelty 2013
Albany Albany
Management information Corn ft Soybean Corn ft Soybean Novelty Rotation Continuous corl
Plot size (ft) 10 by 40 10 by 40 10 by 40 10 by 40 10 by 50 10 by 35 10 by 35
Hybrid or cultivar DKC 63-84 Ag3730 DKC 6384 Morsoy LL 375N DKC 6325 VT3 DK 64-69 DK64-69
Planting date 12 Apr. 26 Apr. 2 Apr. 17 May 15 May 14 May 14 May
Row spacing (inches) 30 17 30 7.5 30 30 30
Seeding rate (seeds/acr 31,000 180,000 32,000 160,000 33,000 29,000 29,000
Harvest date 22 Sep. 9 Oct. 28 Aug. 10 Oct. 7 Oct. 10 Oct. 10 Oct.
Maintenance fertilizer 31 Mar. 201: NA 18 Nov. 2011 NA
Nitrogen 180 Ibs 190 Ibs N/acre 180 Ibs N/acre (AA) 180 Ibs 180 Ibs N/acre
N/acre (AA) (AA) + N-serve N/acre (AN (AN)
at 1 gt/acre
P-S-Zn application date 6 May 28 Nov. 2011 29 Apr. 10 May 7 May
Tillage No-till No-till No-till No-till No-till Minimum Minimum
Weed management
Burndown/Preemergenc5 Apr., 25 Apr., Sharpen 1 oz/a - 19 Mar., 17 May, Sharpen 1oz 17 May, Lexar 3 gt/a+ 14 May, 14 May, Lexar3

Roundup 0.25% v/v NIS + UAN 1 Verdict 5 oz/a+ Roundup PowerMA}  MSO 1% v/v + UAN 1 Lexar 3 gt/a gt/a
Power MAX qgt/a + Roundup PowerMA  + Roundup 32 oz/a+ UAN 1 qgt/a: gt/a + Roundup
32 oz/a + 32 oz/a PowerMAX 32 MSO 1% viv PowerMAX 32 oz/a
Verdict 5 0z/i oz/la+ AMS 17
+ AMS 17 Ib/100 gal
Ib/100 gal
Postemergence 17 May, 24 May, Reflex 1.25 pt/a- 10 May, Lexai 4 June, Liberty 32 oz/ 11 June, 11 June,
Degree Xtra Roundup PowerMAX 32  2.25qt/a+ + AMS 17 Ib/100 gal Roundup Roundup
gt/a oz/a+ UAN 1 gt/a + 0.259 Roundup 1 July, Liberty 32 oz/a PowerMAX PowerMAX (32
v/v NIS PowerMAX 32 Prefix 2.25 pt/a + AMS (32 oz/a) 0z/a)
22 June, Roundup oz/a + 0.25% 17 Ib/100 gal + 0.25%
PowerMAX 32 oz/a + AM¢ v/iv NIS v/v NIS
17 Ib/100 gal + 0.25% VA
NIS
Insect management 17 May, NA 10 May, NA NA NA NA
Warrior Il 2 Watrrior Il 2
oz/a oz/a
Disease management NA NA NA NA NA NA NA
AAbbreviations: A A, ammaninmg mtrate; th sfollewvethy; MEG, methildded seed oil; NA, none applied; and UAN, urea ammonium

nitrate.



Table 4.Grain yield response of corn (2011, 2012, and 2013) and the subsequent soybean crop (2012 and 2013) to phosphoruS Tataadi &

formulations compared to equivalent blends of MAP, Zn, and S (Objective #1).

Corn fb Soybean

Corn fb Soybean

2011 2012 2012 2013 Corn 2013 Corn Soybean

Fertilizer treatment P,Os Zn S Novelty — Albany Averagé  Averag"
Ibs/a Ibs/a Ibs/a

Norttreated 37 37 26 32 123 117 76 35
MES10 70 0 18 144 38 23 34 117 142 107 36
MES10 110 0 28 150 39 21 34 118 146 109 37
MESZ 70 1.8 18 141 37 20 34 126 141 107 36
MESZ 110 2.8 28 151 40 29 35 126 145 113 38
MAPY 70 130 38 24 33 118 141 103 36
MAP 110 150 36 29 33 129 147 114 35
MAP + AMS 70 18 142 39 22 34 120 136 105 37
MAP + AMS 110 28 144 40 23 36 120 147 109 38
MAP + ZnSQ + AMS 70 1.8 18 148 38 23 35 124 138 108 37
MAP + ZnSQ + AMS 110 2.8 28 146 38 22 36 129 148 111 37
Urea at 14 Ibs N/acte 140 36 26 34 117 135 105 35
Urea at 21 Ibs N/acte 142 38 22 34 123 135 106 36
Urea at 28 Ibs N/acte 133 36 23 34 121 141 105 35
Urea at 33 Ibs N/acte 144 38 24 33 121 138 107 36
Urea at 46 Ibs N/acte 134 39 25 36 121 140 105 38
LSD (P=0.1) 13 NS NS 2 NS 9

fGrain yield averages were calculateddorn (Novelty 2011, 2012, 2013, and Albany 2013) and soybean (Novelty 2011 and 2012).
YAbbreviations: AMS, ammonium sulfate:@, continuous corn; DAP, diammonium phosphate; fb, followed by; MAP monoammonium phosphate.

Tadditional N was added to balandetN contribution from MAP and/or AMS N sources. All treatments had a base N application as denoted in Table 2.



Table 5.Soil test P, Zn, and S€5 in the top 6 inches of soil after corn was harveatetlear leaf tissue, Zn, and
SO;-S concentratiorasaffected by phosphorus rates of MES10 and MESZ formulations compared to equivalent blends
of MAP, Zn, and St Noveltyin 2013 (Objective #1).

] Soil __Ear leaf tissue
Fertilizer treatmenit P,Os Zn S P Zn SO-S P Zn  SO-S
Ibs/a Ibs/a Ibs/a Ib/a ppm ppm % ppm %

Non-treated 35 10 3.8 0.261 29.6 0.215
MES10 70 0 18 50 09 6.8 0.269 25.0 0.202
MES10 110 O 28 50 14 6.6 0.281 27.7 0.217
MESZ 70 1.8 18 51 16 6.4 0.277 26.0 0.208
MESZ 110 2.8 28 56 1.3 6.6 0.293 25.2 0.209
MAP 70 53 1.2 4.2 0.285 26.2 0.209
MAP 110 68 08 4.2 0.293 25.2 0.209
MAP + AMS 70 18 51 09 438 0.284 26.6 0.215
MAP + AMS 110 28 65 08 6.5 0.308 27.6 0.221
MAP + ZnSQ + AMS 70 1.8 18 49 16 3.9 0.268 28.1 0.215
MAP + ZnSQ + AMS 110 2.8 28 57 17 4.4 0.302 29.2 0.220
Urea at 14 |bs N/acte 40 09 34 0.272 29.7 0.221
Urea at 21 Ibs N/acte 45 09 34 0.258 26.0 0.203
Urea at 28 Ibs N/acte 34 09 3.0 0.263 29.3 0.218
Urea at 33 Ibs N/acte 41 0.7 3.9 0.265 26.4 0.209
Urea at 46 Ib N/acré 41 10 35 0.261 26.9 0.215
LSD (P=0.1) NS 05 1.1 0.022 NS NS

{*Anhydrous ammonia at 180 lbs N/acre was applied to all treatments.

‘Bray | P.

Tadditional N was added to balance the N contribution from MAP and/or AMBurces. All treatments had a base N
application as denoted in Table 2.



Table 6.Grain yield response of corn and the subsequent soybean crop to Zn rates in a blend with MAP or DAP compared to ME S ZOf@amdulAESns
(Objective #2).

Corn  Soybean Corn Soybean Corn
2011 b’ 2012 2012 fb 2013 2013
) Albany Albany Corn’?Y  Soybeah’
Fertilizer treatment P,Os Zn S Novelty Novelty Novelty  Novelty Novelty  Rotation C-C Average Average
Ibs/a bu/acre

Norttreated, no N 36 42 26 37 101 104 97 73 40
Nitrogen only 135 42 26 38 135 113 104 103 40
MES10 80 0 20 147 41 21 37 141 118 98 105 39
MESZ 80 2 20 153 42 26 37 143 122 101 109 40
MAP 80 145 41 18 35 137 114 98 102 38
MAP + AMS 80 20" ---S 139 120 99
MAP + ZnSQ + AMS 80 2 20" 144 42 17 36 141 116 99 103 39
MAP + SuperZA” AMS 80 2 20" 141 116 108
MAP + ZnSQ + AMS 80 5 20" 153 42 17 35 143 112 98 105 39
MAP + SuperZA” AMS 80 5 20" 143 118 99
DAP 80 140 43 21 36 140 116 103 104 40
DAP + AMS 80 20" --- --- --- 143 117 99 ---
DAP + ZnSQ + AMS 80 2 20" 141 41 24 37 134 110 97 101 39
DAP + SuperZA” AMS 80 2 20" 141 112 99
DAP + ZnSQ + AMS 80 5 20" 137 42 24 36 134 113 97 101 39
DAP + SuperZA” AMS 80 5 20" 140 109 103
LSD (P=0.1) 16 NS 7 NS 7 NS NS

ﬁ\litrogen was balanced with urea to reach an equivalent N rate for all treatments except foittéatadnno N control.

YAbbreviations: AMS, ammonium sulfate:@, continuous corn; DAP, diammonium phosphate; b, follobwgdVIAP monoammonium phosphate.
'Balance of S with MES10.

STreat ments werenot applied these years.

f‘ﬁ/IAP or DAP were impregnated with Super Zinc (Helena Chemical Co., 2255 Schilling Blvd, Suite 300, Collierville, NT 3801@)gpplication in 2013.
Y Grain yield averages were calculated for corn (Novelty 2011, 2012, 2013, and Albany 2013) and soybean (Novelty 2011 and 2012).



Table 7.Ear leafP, Zn, and S@S concentratiorin 2013 (Objective #2).

Novelty Albany Albany

2013 2013 corpsoybean 2013 continuous corn

Fertilizer treatmenit P,Os Zn S P Zn SO-S P Zn SO-S P Zn SO,-S
Ibs/a % ppm % % ppm % % ppm %

Nontreated, no N 0.200 19.4 0.155 0.260 22.2 0.180 0.324 14.1 0.167
Nitrogen only 0.261 27.6 0.209 0.277 28.5 0.197 0.354 15.7 0.170
MES10 80 0 20 0.289 26.2 0.211 0.322 26.1 0.209 0.327 13.0 0.170
MESZ 80 2 20 0.301 27.5 0.209 0.303 28.1 0.202 0.401 17.2 0.190
MAP 80 0.291 26.4 0.207 0.303 24.4 0.190 0.376 146 0.172
MAP + AMS 80 20 0.296 25.7 0.207 0.308 29.3 0.196 0.350 14.1 0.191
MAP + ZnSQ + AMS 80 2 20 0.290 27.8 0.210 0.336 28.7 0.220 0.374 155 0.177
MAP + SuperZn + AMS 80 2 20 0.290 24.6 0.196 0.307 27.0 0.198 0.412 15.3 0.199
MAP + ZnSQ + AMS 80 5 20 0.301 29.6 0.220 0.326 26.8 0.208 0.330 13.3 0.174
MAP + SuperZn + AMS 80 5 20 0.278 24.3 0.192 0.303 28,5 0.194 0.362 14.8 0.189
DAP 80 0.287 29.0 0.208 0.321 25.1 0.197 0.397 16.3 0.186
DAP + AMS 80 20 0.284 26.0 0.202 0.312 26.9 0.198 0.423 17.2 0.204
DAP + ZnSQ + AMS 80 2 20 0.292 29.0 0.214 0.315 28.2 0.204 0.417 156 0.195
DAP + SuperZn + AMS 80 2 20 0.283 25.4 0.202 0.300 28.1 0.196 0.386 15.0 0.190
DAP + ZnSQ + AMS 80 5 20 0.273 28.4 0.205 0.314 27.9 0.208 0.329 13.3 0.168
DAP + SuperZn + AMS 80 5 20 0.283 26.6 0.200 0.313 26.2 0.197 0.395 15.8 0.187
LSD (P=0.1) 0.019 3.6 0.014 NS NS NS 0.052 2.3 0.016

"N was balanced with additional N as urea for all treatments.

YBray | P.



Table 8. Soil test P, Zn, and S5 in the top 6 inches of #after corn was harvested in 2013 (Objective #2).

Novelty Albany Albany
2013 2013 corpsoybean 2013continuous corn
Fertilizer treatmenit P,Os Zn S P Zn SO-S P Zn SO-S P Zn SO-S
Ibs/a Ib/a ppm ppm Ib/a  ppm ppm Ib/a ppm ppm
Nontreated, no N 31 0.6 5.1 140 1.8 8.6 21 0.9 5.6
Nitrogen only 38 0.6 4.3 138 1.8 8.0 18 1.0 5.2
MES10 80 0 20 79 07 7.0 174 35 12,5 31 1.0 6.3
MESZ 80 2 20 71 1.1 6.1 171 2.7 9.5 28 1.1 6.2
MAP 80 58 0.7 4.9 161 20 8.3 27 1.0 5.8
MAP + AMS 80 20 62 0.7 5.8 180 2.3 8.5 24 1.0 6.7
MAP + ZnSQ + AMS 80 2 20 68 1.8 5.9 173 3.8 11.3 27 2.2 6.0
MAP + SuperZn + AMS 80 2 20 60 1.0 4.8 180 6.1 9.9 35 1.6 6.3
MAP + ZnSQ + AMS 80 5 20 71 1.2 4.8 155 3.0 9.1 23 1.2 5.9
MAP + SuperZn + AMS 80 5 20 97 1.8 5.0 181 4.8 10.0 31 1.1 6.1
DAP 80 64 0.7 4.6 174 2.0 8.1 24 0.8 5.0
DAP + AMS 80 20 64 0.8 5.4 168 1.9 8.7 29 0.8 6.1
DAP + ZnSQ + AMS 80 2 20 70 2.0 5.1 176 4.1 8.8 29 1.9 6.3
DAP + SuperZn + AMS 80 2 20 60 1.2 6.0 169 25 10.2 25 1.2 6.1
DAP + ZnSQ + AMS 80 5 20 566 1.1 6.4 179 2.7 9.6 29 1.7 6.3
DAP + SuperZn + AMS 80 5 20 82 35 5.3 176 3.3 8.8 31 1.1 6.3
LSD (P=0.1) 25 1.0 1.4 NS NS 2.0 8 NS 0.7

"N was balanced with additional N aeea for all treatments.

YBray | P.



Timetable:

2014

Feb-April Prepare equipment, sample soil, and apply fertilizer treatments
April-September  Manage plots and demonstrate at local field day

September Harvest corn ear leaf tisst@r fertilizer uptake and collect grain samples
Nov.-Dec. Analyze results

December Submission of annual report

2015 Rotate the 2014 trials into soybean (Objective #1). This will be at no additional cost.

Proposed Budget:

CATEGORIES Year 2014
A. Salaries
Research Specialist or M.S. Graduate Research Assistant (§ $14,670
B. Fringe Benefits $2,095
TOTAL SALARIES AND FRINGE BENEFITS $16,765
C. Travel
Travel to field site $0
To present research findings at National Meetings $1,000
TOTAL TRAVEL COSTS $1,000
D. Equipment $0
TOTAL EQUIPMENT use and maintenance COSTS $0
E. Other Direct Costs
Soil analysis $2380
Tissue analysis $3560
Field supplies $2080
Publication cost $750
Off-site PI $4,000
TOTAL OTHER DIRECT COSTS $12,750
TOTAL REQUEST $30,515

Budget narrative:

Salaries and fringe benefitdzunds are requested for partial support bf.&. student or a research
specialist.

Presentations, publications, and documentatidimis will help defray cost of publication and
documatation of results and conclusions as well as assist travel and board for presentation of
results

Other Direct Costs Covers cost onalysissample containers, fertilizer, seed, plot preparation,
planting, weed control harvesting, flags, and other Seloplies and operations



Importance of micronutrients in maximizing corn yield
Felix B. Fritschi and James H. Houx Ill, Univ. of Missouri

Objectives and Relevance to the Missouri Fertilizer and Lime Industry:

The main objective of this research igdetermine the impact of various micronutrient packages

offered by the fertilizer industry on corn yield.

The specific objectives are to:
13)Quantify the impact of prormulated micronutrient packages on corn yield.
14)Determine plant tissue concentration ppled micre and macronutrients.
15)Determine differences in nutrient uptake and yield between glyph@satenon

glyphosate treated corn.

The use of micronutrients is increasing as the costs of fungicides and pesticides have many growers
and producers fased on balanced plant nutrition to optimize plant health (Brown, 2008). Pre
formulated micronutrient packages are advertised to improve yields and nutritional content of

Mi ssouri 6s crops. l ncreased vyi el dpodugewsiahdd t r an
increased fertilizer sales. Statistics on micronutrient use and yield improvement in Missouri are
scant. However, evdrigher crop yields and, with the advent of cellulosic biofuel production,

increases in whole plant removal willresuin  mor e mi cronutrients | eavi
increase in micronutrients leaving the field and a potential reduction in soil supply power

(associated with reductions in soil organic matter caused by the removal of not only grain yield but
also cropresidues) emphasize the importance to critically examine the role of micronutrient

fertilization on corn in Missouri.

2013 ACCOMPLISHMENTS:

1 This year was the first year for the project evaluating micronutrient applications on corn
yield and development.

1 The following treatments were appliedR@mneer corn hybrid 32D79 treated with and
without glyphosate. Cornwas plante@3imt 6 | ong pl ots on a 300 ro
at 32,584 plants per acre. The following treatments were applied in six replicate

1) AgXplorebds MicroStarter
2) Agrisol-Gh¢eCoomMgo Ul tr a

3) Agrigaurdianbdés MOLY

4) Wuxall Top 3

5) Agrisolutions Max IN ZMB + MaxiN Boron

6) Inorganic Zn sulfate, Mn sulfate, Molybdate

7) untreated control

i In-furrow treatments (treatmentsahd 2 above) were applied at recommended rates at
planting with a 4row planter equipped with an-farrow liquid application system.
1 Foliar treatments (treatments3bove) were applied at recommended rates and times

with a threepoint tractor mountedetl escopi ng sprayer with a 10

1 Data were taken on plant height and chlorophyll concentr@8BAD) during the
growing season.

Whole plant samples were taken at V6 and dough developmental stages.
Grain yield and yield components were deterdiat the end of the season.
Tissue analysis is egoing at this time.
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2013 PRELIMINARY RESULTS:

NOTE: Results are from one field season and are considered preliminary

At the first biomass sampling at V6 developmental stage, when glyphosate was nat, @pptie

leaf dry matter ranged from 100.4 g to 119.3 g with a mean weight of 112.3 g. When glyphosate
was appliedleaf dry matter ranged from 82.5 g to 114.1 g with a mean weight of 106.4 g (Table 1).
When glyphosate was not applied, corn stem dry medteyed from 57.0 g to 67.3 g with a mean
weight 0f62.5 g, and when glyphosate was applied ranged from 42.4 g to 66.2 g with a mean of
59.3 g. There were no differences in leaf or stem dry matter yield between glygtineatte and
nontreated plantsrad between the products applied.

Table 1.Dry matter yield of six corn plants harvested at V6 stage after being treated witl
seven micronutrient products and treated with or without glyphosate as part of standard
control.

Leaf stem
product no glyphosate glyphosate no glyphosate glyphosate
grams (g)
AgXplore MicroStarter 119.3 111.6 66.2 63.0
Agrisolution UltraChe 112.1 82.5 62.6 42.4
Agriguardian MOLY 100.4 105.9 57.0 58.5
Wuxall Top 3 116.5 110.8 67.3 62.6
Winfield Max-IN Ultra ZMB + 110.8 114.1 62.3 63.4
Max-IN Boron
ZnS04 + MnSO4+Molybdate 118.0 107.7 63.3 58.8
Control (no product applied) 109.2 111.9 59.3 66.2
Pr>f ns" ns ns ns
Mean 112.3 106.4 62.5 59.3
‘ns= no statistical difference within a col umn

At the second biomass sampling at dough stage, when glyphosate was not applied leaf dry matter
ranged from 121.8 g to 134.5 g with a mean weight of 129.5 g (Table 2). When glyphosate was
applied leddry matter ranged from 115.4 g to 136.6 g with a mean of 126.7 g. Corn stem dry

matter when glyphosate was not applied ranged from 232 g to 259 g with a mean of 243 g. When
glyphosate was applied stem dry matter ranged from 230 g to 254 g with ain2ddngo Ear dry

matter when glyphosate was not applied ranged from 274 g to 291 g with a mean of 283 g. When
glyphosate was applied, ear dry matter ranged from 250 g to 308 g with a mean of 289g. There were
no differences in leaf, stem, or ear matietd/between glyphosateeated and notreated plants

and between the products applied.

SPAD readings (a surrogate estimate of nitrogen status) were taken approximately six times during
the growing season (Table 3). Five measurements were taken ongtheoent, fully expanded

leaf of five different plants in each plot. As expected, SPAD increased as the season progressed and
the highest readings were taken approximately two weeks after tasseling. Within dates and
herbicide treatment SPAD readings wea different between the products.

Grain yield when glyphosate was not applied ranged from 186 bu/ac to 206 bu/ac with a mean of
193 bu/ac (Table 4). When glyphosate was applied grain yield ranged from 169 bu/ac to 194 bu/ac
with a mean of 183bu/ac. Keels per ear ranged from 594 to 651 with a mean of 632 kernels per

ear when glyphosate was not applied and ranged from 596 to 648 with a mean of 624 kernels per
ear when glyphosate was applied. Weight of 100 kernels ranged from 29.7 g to 31.5 g véith a me

of 30.6 g when glyphosate was not applied, and ranged from 29.5 g to 31.3 g with a mean of 30.1 g



when glyphosate was applied. There were no differences in grain yield, kernels per ear, or 100
kernel weight between glyphosate treatments or microntipr@aucts.

Table 2 Dry weight of three corn plants harvested at dough stage after being treated with seven micronutrient produc
treated with or without glyphosate as part of standard weed control.

Leaf Stem Ear
product no glyphosate glyphosate no glyphosate glyphosate no glyphosate glyphosate
grams
AgXplore MicroStarter 121.8 136.6 232 254 275 308
Agrisolution UltraChe 133.3 1154 250 233 287 250
Agriguardian MOLY 128.6 128.2 243 251 283 300
Wusxall Top 3 1345 127.7 242 247 291 308
\,\/AV;r;fle,\l,dB'\g?;:N UltraZMB+ 1558 127.5 236 245 283 280
ZnS04 + MnSO4+Molybdate 130.3 120.9 259 230 288 279
Control (no product applied) 129.5 130.5 238 246 274 297
Pr>F ns”® ns ns ns ns ns
Mean 129 126 243 244 283 289
‘ns = no statistical di fference within a col umi

Table 3.SPAD readings (avg of 5 per plant) of corn at six dates after being treated with seven niécrionut
products and treated with or without glyphosate as part of standard weed control.

Herbicide Treatment

Product no glyphosate glyphosate

June June July July Aug Aug mean JuneJune July July Aug Aug mean
18 26 9 16 1 10 18 26 9 16 1 10

AgXploe

- 448 45.8 52.0 48.3 59.0 44.9 49.1 43.7 49.0 53.3 50.3 59.5 48.4 50.7
MicroStarter

A%fisolution Ultra 435 51.7 51.6 49.2 57.6 48.9 50.4 42.3 51.5 50.5 49.7 56.7 45.1 49.3
Che

Agriguardian MOLY 41.7 47.3 51.4 48.4 58.0 46.8 48.9 39.8 49.7 53.6 51.2 57.9 47.3 49.9

Wuxall Top 3 44.6 50.5 53.1 48.6 56.5 47.3 50.1 45.0 49.1 51.1 47.8 57.3 44.6 49.1
Winfield Max-IN

Ultra ZMB + MasIN 43.8 51.2 53.3 48.0 60.8 50.8 51.3 42.4 50.8 52.1 51.1 58.1 49.7 53.8
Boron

Znso4 +

M5O Molybdate 440 505 511503 58.8 493 50.7 433 512 509 51.2 57.7 46.9 50.2
COT}F“Z:)(”O product 433 493 51.8 49.8 59.5 45.8 49.9 43.7 50.7 52.6 50.9 57.6 47.1 50.4
applie

Pr>F nsA ns ns ns ns ns ns ns ns ns ns ns ns ns

Mean of dates 43.8 49.6 51.7 49.0 58.4 46.5 429 429 50.4 52.4 50.3 57.3 45.9 49.6

‘ns = no statistical di fference within a col umi



Table 4. Yield and yield components of corn after being treated with seven micronutrient products and treated with ¢
without glyphosate as part of standard weedtrol.

Yield Kernels per ear 100 kernel wt

no glyphosate no glyphosate glyphosate no glyphosate glyphosate

product glyphosate
bu/ac No. grams ----------

AgXplore MicroStarter 190 177 628 648 29.7 29.7
Agrisolution UltraChe 188 177 642 637 30.0 29.9
Agriguardian MOLY 186 169 594 632 30.4 31.3
Wuxall Top 3 201 189 644 596 30.8 29.7
\l\’AV;r;f_iﬁ\'ldB'\gfg‘r']'N UlraZMB+  50g 194 629 607 315 305
ZnSO4 + MnSO4+Molybdat 189 189 651 610 30.7 29.5
Control (no product applied) 191 182 634 639 30.9 30.5

Pr>F ns” ns ns ns ns ns

Mean 193 183 632 624 30.6 30.1

‘ns = no statistical di fference within a col umi

OBJECTIVES FOR YEAR 2:

In year two we will repeat thexperiment as originally proposed/e will finish tissue nutrient

analyses from the 2013 season and continue with treatment and sampling protocol, and harvest yield
at the end of the season. We intend to present preliminary results of this resdar@0ag ASA
CSSASSSA annual international meeting.

Category Year 2
Personnel
PhD Student $18,500

Field cost (fertilizers, herbicide, bags, et  $1,800

Tissue and seed analyses (ICP, NIR, $2,000
ureide)
Travel $1,200

Total $23, 500




Impact of micronutrient packages on soybean yields in Missouri

Felix B. Fritschi and James H. Houx lll, Univ. of Missouri

Objectives and Relevance to the Missouri Fertilizer and Lime Industry:
The main objective of this research was to determine the effect otigamicronutrient packages
offered by the fertilizer industry on soybean yield and seed quality.
The specific objectives were to:
16)quantify the impact of prformulated micronutrient packages on yield and seed quality
of glyphosate as well agufosinate esistansoybean cultivars.
17)measure micronutrient uptake by the soybean plants and develop nutrient response
curves.
18)determineeffects of applications on soil micronutrient status.

The use of micronutrients is increasing as the costs of fungicides stiddses have many growers
and producers focused on balanced plant nutrition to optimize plant health (Brown, 2088). Pre
formulated micronutrient packages are advertised to improve yields and nutritional content of

Mi ssouri 6s cr op s grain qualtcwowddaransiate inta geatat eturasriod

Missouri producers and increased fertilizer sales. Statistics on micronutrient use and yield
improvement in Missouri are scant. However, dvigher crop yields and, with the advent of
cellulosic biduel production, increases in whole plant removal will result in more micronutrients

|l eaving farmersdé fields. This increase i n mic
in soil supply power (associated with reductions in soil organitemeaused by the removal of not
only grain yield but also crop residues) emphasize the importance to critically examine the role of
micronutrient fertilization in Missouri.

Dozens of micronutrient formulations are available for the Ag market in gearedaoybean

producers in particular (SoyScience, Pro Bean Mix, Bean Mix, and Crop Mix among others).
However, evaluation of product performance by independent researchers is largely lacking,
complicating the decision making process for farmers. Fomygerg like Kip Cullers,

micronutrient packages are likely a necessary management practice to meet the demands of ever
more productive soybeans. Although most producers do not aspire to achieve world record yields,
applications of micronutrients may incesatheir yields and economic bottom line. Because
glyphosate interacts with Mn both in tank mixtures and in the plant (Bernards et al., 2005), products
that aim to combat glyphosate induced manganese deficiency (GIMD) may be particularly
promising. Howeer, because these products are relatively new to the Missouri market, their effect
on the A averageod soybean growerdés yield is wun

MATERIALS AND METHODS:

The study was conducted in each of three years (2011, 2012, 2013) at the Bradford Resgarch C

near Columbia, MO. Soil pHs averaged 6.7, 7.2, and 6.9 across the research plots in 2011, 2012,
and 2013, respectively. MorSoy soybean varidcR€3930N RoundUp Ready and MorSoy

LL3939N LibertyLinkwere strip planted in-8 o w 306 | nNgowlsotbs, Mary 183,
and June 6 in 2011, 2012, and 2013, respectively.



The folowing micronutrient product treatments were applied:

)Uni ted Suppliersdéd Sovereign (foliar;
2JAgri umbés Bean Mi xhelatsdogidds and guiplzates) | ar ; n
3) Tetra Micronutrientsd Pro Bean Mi x

chelates)
) Helenads HM609 (foliar or soil; |ic
) AgExpl orebds Soy S-<chelatedcuphates)o! i ar ; [

) Std | e rtré BoweX (liquid; foliar or soil; MEA chelate)
) Tetra Micronutrientods ManGro (follie
8) UntreatedControl

4
5
6
7

To assess the effect of herbicide interactions with the micronutrient applications the following
herbicide xsoybean treatments were imposed:

9) RR soybean with glyphosate applications

10)RR soybean without glyphosate applications

11)LL soybean with glufosinate applications

12)LL soybean without glufosinate applications

Foliar treatments were applied according to labed¢glsrand application times with a thisant
tractormount ed, telescoping sprayer-appliedtreatmentst 06 b oo
were applied with a hand spreader according to labeled rates and application times by applying one
half of the tratment while walking one direction, and the other-bal of the treatment by walking
perpendicular to the first or®alf application.

Final yield was determined with a research combine by harvesting the center 5 rows of each plot
each year. Soybean aihd protein concentrations on a dry matter basis were determined with NIR
spectroscopy on a subsample from each plot each year. Seed nutrient concentrations were
determined on a subsample each year with Inductively Coupled Plasr©@ptsial Emission
Spectroscopy (ICFOES).

Data were subjected to analysis of wvariance an
Honest Significant Difference test which individually compares treatment meantesia.t

RESULTS
Biomass at R5

1 Dry matter yield differedbetween yeard>0.0021) with 2008 resulting in the highest mean
at 209 grams per five plants.

1 Within any year, dry matter did not differ between soybean treated with the micronutrient
products and untreated soybean.

1 Across all years (2011, 2012 and 20&8) within soybean varieties and respective
herbicide spray treatment, dry matter yield did not differ between soybean treated with the
micronutrient products and untreated soybean (Table 1).

1 Dry matter did not differ between the two soybean varieties.



Table 1.Aboveground dry matter yield of MorSoy soybean varieties at R5 across three years (
2012, 2013) following treatment with seven micronutrient products and sprayed with and with
respective herbicide (Glufosinate or Glyphosate) at the BradResearch Center.

MorSoy RT3930N MorSoy LL3939N
(Glyphosate tolerant) (Glufosinate tolerant)
Micronutrient product Sprayed  No-sprayed  Sprayed  No-sprayed
grams

1) yAGSR { dzLélgii A S N&A 174 174 168 187
2) ANRdzYQa . Sty aAh 170 187 183 147
o0 ¢SGONF aAiONRy dzi 156 182 177 162
no 1 SESylFrQa lacndg 158 184 183 158
po ! 39ELX 2NBQa {2 166 172 181 178
c0 { G2raPodNE - 184 195 190 171
7) Tetra MicronulA Sy G Qa a | 168 169 174 167
8) Untreated Control 168 162 194 184
Mean 168 178 181 169
Statistical significance (Pr>F) ns' ns ns ns

"ns =values within the column are not statistically different from each other at the 0.05 probability level.
Soybean yield

1 Yield differed among year$¢0.0021) with 2012 resulting in the highest mean at 56.96
bu/ac.

1 Within any year, yields were not different between soybean treated with the micronutrient
products and untreated soybean.

1 Across all years (2012012 and 2013) and within soybean varieties and respective
herbicide spray treatment, yields did not differ between soybean treated with the
micronutrient products and untreated soybean (Table 2).

1 Yield did not differ between the two soybean varieties.

Table 2.Mean yield of MorSoy soybean varieties across three years (2011, 2012, 2013) follow
treatment with seven micronutrient products and sprayed with and without respective herbicid
(Glufosinate or Glyphosate) at the Bradford Research Center.

MorSoy RT3930N MorSoy LL3939N

(Glyphosate tolerant) (Glufosinate tolerant)

Micronutrient product Sprayed = No-sprayed  Sprayed  No-sprayed

------ -- bu/ac-----------m-mm -
1) YAGSR { dzLJLX A SN&A 49.06 52.21 51.08 5167
2) ANAdzYQa . Sty aA 45.09 49.35 48.86 53.13
o0 ¢SONF aAiONRY dzi 44.22 51.18 45.13 48.07
no 1 StESylFrQa |l acndg 5332 51.90 45.21 46.94
po ! 39ELX 2NBQa {2 49.18 48.64 46.89 47.66
cV { G 2raPoPNE - 52.09 48.89 50.10 43.74
TO ¢SGNI aAiONRYydzi 49.07 50.80 42.97 43.92
8) Untreated Control 50.39 47.74 42.44 49.39
Mean 49.05 50.09 46.59 48.06

Statistical significance (Pr>F) ns' ns ns ns

"ns =values within the column are not statistically differennfreach other at the 0.05 probability level.



Seed Oil Concentration

= =4

= =

There was no difference in soybean oil concentration among years.

Within any year, soybean oil concentration did not differ between soybean treated with the
micronutrient products and uetited soybean.

Across all years (2011, 2012 and 2013) and within varieties and respective herbicide spray
treatments, soybean oil concentration did not differ between soybean treated with the
micronutrient products and untreated soybean (Table 3).

Oil concentration did not differ between the two soybean varieties.

However, across years, varieties, and spray treatments oil concentration was greater in
soybean treated with Helena HM609 than in
Sovereign.

There was noitference in oil concentration between each cultivar and herbicide
application, nor a difference in oil between years.

Table 3.Mean seed oil concentration (as percent) of MorSoy soybean varieties across three years (2
2012, 2013) following treatnma with seven micronutrient products and sprayed with and without
respective herbicide (Glufosinate or Glyphosate) at the Bradford Research Center.

MorSoy RT3930N MorSoy LL3939N Mean across
(Glyphosate tolerant (Glufosinate tolerant) years, varieties,

Not Not and herbicide
Micronutrient product Sprayed sprayed Sprayed sprayed applications
_______________ 95----- -
1)! YAGSR {dzLJLJX ASNER(¢ 2129 1970  20.88 20.93 20.70b
2) ANAdzYQx . Sty a 21.44 21.23 21.11 21.08 21.22ab
o0 ¢SGNY aAONRBydzil! 2100 2132  20.86 20.90 21.02ab
no 1 StSylFQa lacndgp 2148 2165  21.18 21.04 21.34a
po ! 39ELX 2NBQa {2t 21.23 21.55 20.94 21.14 21.22ab
c0 { G2raPodNE - 21.06 2144 20.89 21.10 21.12ab
TO ¢SGNI aAONRydzi! 2121 2142 20.84 21.07 2l1.14ab
8) Untreated Control 21.30 21.46 21.23 21.26 21.31ab
Mean 21.25 21.22 20.99 21.07 21.13
Statistical significance (adj. P) ns ns ns ns 0.05

Seed Pptein Concentration

T
T

Seed protein concentration differed among yé@ax9.001),with 2013 having the highest
amount of protein at 41.68 %.

Within any year, soybean protein concentration did not differ between soybean treated with
the micronutrient productnd untreated soybean.

Across all years (2011, 2012 and 2013) and within varieties and respective herbicide spray
treatments, soybean protein concentration did not differ between soybean treated with the
micronutrient products and untreated soybean (T4ble

Protein concentration did not differ between the two soybean varieties.



Table 4Mean seed protein concentration (as percent) of MorSoy soybean varieties across th
years (2011, 2012, 2013) following treatment with seven micronutrient produadssarayed with
and without respective herbicide (Glufosinate or Glyphosate) at the Bradford Research Cente

MorSoy RT3930N
(Glyphosate tolerant)

MorSoy LL3939N
(Glufosinate tolerant)

Micronutrient product Sprayed  No-sprayed  Sprayed  No-sprayed
-- e e
1)! yAGSR { dzLJLX A SN&R  40.13 37.00 40.77 40.49
2)! ANRdzYyQa . Sty aAi 4023 40.62 40.48 40.38
o0 ¢SGNI aAiONRydzi 4019 40.13 40.58 40.61
no 1 SESYylF Q& lacndg 3994 39.90 40.44 40.59
pu ! A9ELX 2NBQa {2 4033 39.88 40.60 40.22
c0 { G 2rhPo®eI & 40.12 39.87 40.74 40.64
TOU ¢SGNY aAONRydzi 4035 40.74 40.76 40.34
8) Untreated Control 40.34 40.37 40.39 40.52
Mean 40.20 39.81 40.59 40.47
Statistical significance (Pr>F) ns ns ns ns

Seed ICP Nutrient Analysis

1 Total nutrient analysis of seed from 2011 revealed there was no influence of micronutrient

product application on seed nutrient concentration (P, K, Ca, Mg, S, Fe, Mn, Cu, and B)

(Table 5).
T Zinc
treatment.

concentrat.i

on wa S

greater f itrmRower he

1 Seed micronutrient composition was different between varidfiesSoy RT3930Nand
MorSoy LL3939N(P<0.001) but there was no difference betwespmay treatments within

a variety.

Table 5.Mean soybean seed composition averaged across soybean variety and her
spray regimen as affected by six micronutrient treatments.

P K Ca Mg SQ Fe Mn Zn Cu B

g/kg mg/kg --
''YAGSR { dzLJLJ A SNO.51 1.64 0.23 0.19 0.26 62.1 0.88 32.5AB 10.3 16.9
¢SGNI aAONRydzi NO52 1.64 0.23 0.19 0.26 585 0.93 31.7AB 10.2 17.6
Il 39ELX 2NBQ& { 2@ 050 1.64 0.23 0.18 0.26 60.6 0.93 31.0AB 10.1 16.5
{ G2f &tr&PolRer 0.51 1.66 0.23 0.19 0.26 62.7 0.88 30.5B 10.3 18.1
¢SGNI} aAONRyYydzi NO51 1.64 0.23 0.18 0.26 58.9 0.88 32.0AB 10.0 16.2
Untreated Control 0.51 1.64 0.24 0.18 0.26 63.5 0.90 33.1A 10.3 18.3
Pr>F 0.63 0.90 0.07 0.41 0.43 0.13 030 0.01 0.74 0.31

"values greater than 0.05 are not considered statistically significant.

unt



Conclusion:

The lack of yield response or differences in oil and protein concentration during this three year
study suggest that micronutrient treatments of soybean using commercially available products may
not influence yield and seed quality in this region of Missouri. Soybeans did not benefit from
additional micronutrients applied to them when grown in sbis &re not considered micronutrient
deficient even when soil pH is greater than 6.5. These products may work to alleviate specific soil
micronutrient deficiencies in fields were soil test indicate low levels of micronutrients, but this was
not tested inhis study.

1 This year was the third and final year of the project evaluating micronutrient packages on
soybean yield, micronutrient uptake and soil micronutrient status.

We presented our preliminary data on both yield and seed quality at the 2012 ¥SASSA
Annual Meeting in Cincinnati Ohio. We had a great deal of interest in our project poster and our
findings from



Evaluation oMicronutrient Packagés Cool-seasomgrass BRstures

Investigator: Robert L. Kallenbacind Brent Myers

Objectives andrelevance of projectSeveral new fertilizer products are being offered to forage
producers. Although some of these products have no real scientific basis (raw milk, sea salt, etc.), there
are several new products that legitimately could alleviate semondenonutrient deficiencies.

Fertilization with secondary and miotarients has not been widely recanded or practiced in

Missouri, but interest in these nutrients has increased as feed prices havefiarguedy several
wellestablished feliitercompaniegroducers and fertilizer dealers are naturally curious as to the
effectiveness of these products on pastures. At present, there is little independent research data
examining the use of these products onrsgagon grass pastures.

Theoverall objectiveis to develop researbhsed recommendations that help industry personnel and
farmers determine if fertilization with commercially available secondary and/oumerbpackages
improves coeseason grass pasture growth. Specificiobgeate:

ObjectiveDetermine if adding a commerctalxilable secondary or miorgrient product to an
existing fertilizer program improves the growth response feasoin grass pastures.

ObjectiveRetermine if these products change foragability or utilization by livestock.
Objective3etermine if these products change forage nutritive value.
Procedures:

Treatmeni&his experiment test12 unique fertilizer products on eeehson grass pastures. The
products are listed in thable below.

Product Supplier
MicroEssentials SZ Mosaic
MicroEssentials S15 Mosaic
Megafol Valagro
Elemax Helena
Bio-Forge Stoller
Humic 20 United Suppliers
Black Label Zn Loveland
LoKomotive Loveland
Versa Max Rosens
Lignin Magnesium AgXplore
Lignin Manganese AgXplore
MicroScience AgXplore

Each productvastested under both a low and a high yield scenario. In the low yield scenario, 50
Ib/acre of Nwasapplied as a basic fertility treatment and then the products listed above applied at the
manufacturers recommended rate. For the high yield sceraHowbisapplied according to soil test
resultswvith a yield goal &tons per acre. This low/high yield scenario comparison should indicate if
the use of these new products is more likely bebeficial at higher production levels or if it is

beneficial at all production levels. Finally, check treatments where noviasdizeliedvere



includedIn total there were 2featment combinations testedfi@dr@ilizer products R yield sceniars
= 24treatmenplus 3 controls (low yield, high yield, and no fertilizer)].

Cultural practichss studyvasconducted on established tall fescue pasturedarége Systems
Researcfenter nedrinneus MO.
DesigrnTreatmentsverereplicatedixtimes in a randomized complete block desigrsplit block
arrangementndividual plotsvere20ft. x 20ft.
Measurements

Forage yield and growth ratesPasture yieldwasmeasured weekly using an ultrgonic feed
reader(Figure 1) The ultra-sonic realer was calibrated by rechanicaly harvestingforagefrom

dedicated yield strips.

Animal palatability and utilization.

In order to bestevaluatethe products for pasture usewe tesed under grazing conditions.
Once the pasture reached abouti@ches, livestockwereintroduced at a temporal stocking rate

of 50 to 60 hd/acre(Figure 2). At this stocking rate, foragevasgrazed to a 23 inch stubble
within 24 hours.To assess palatability of the forage, a representative set of livestaarefitted

with GPScollars. The GPS collars track and record kgtock location every second z).

Each recording or of i »wéasassaciatédwigh an indevidugliplet.z i ng p e
Previous research from our lab shows that these fixes correlate well with grazimget, and thus

animal preference for forage.

Preliminary Results

Forage yield was about 11% greater under the high yield scenario when compared to the low yield
scenario (Figure 3). Micronutrient packages that contained Zn appeared to yield slidgjath/there t
controls, however, the yield differences in 2013 were small (less than 100 Ib/acre). We are still analyzin:
the GPS collar data, but it appears that animal preference is not altered by application of
micronutrients. We want to stress our dataralenmary and that further loteym testing will be

needed to confirm these results.

Figure3. Forage height being measured with an ultrasonic reader.




Figured. Cows grazing tall fescue treated witifferent micronutrient products under high and low soil fertility
scenarios.

Figure5. Raw leight of plots immediately before harvest by grazing cows.
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Budget for 2014

YEAR 22014)
Salary and Benefits

Research Spalist (20% of $58,710) $11,742
Benefits for Research Specialist $3,757
Total Salary and Benefits $15,49¢

Operating Expenses

Fertilizer, bags, repair parts for harvester and other field supplies $3,740
NIR charges for forage quality analysis @hfles @ $5 each) $1,080
Wet chemistry for NIR calibration (60 samples @ $24 each) $1,440
Travel to research location (mileage, lodging, and meals for 8 trips/ly $1,600
Total Operating Expenses $7,860
Equipment

None requested $0
Total Equipment $0

Total Proposal Request for Year #2 $23,35¢



2014
Comparison of Impregnated Dry Fertilizer with S and Zn to Blends for Corn

Investigators:
Kelly Nelson, Div. of Plant Sci., Univ. of MO, Novelty; Matthew Caldwell, Div. of Plant Sci.,

Univ. of MO, Novelty; Chris Dudenhoeffer, Greenley Research Center, Univ. of MO, Novelty;
Bruce Burdick, Hundleywhaley Center, Univ. of MO, Albany; Peter Motavalli, Dep. of Soil,
Environ., and Atmos. Sci., Univ. of MO, Columbia; and Manjula Nathan, Div. of Plant 8.,
of MO, Columbia.

Objective and Relevance:

High yielding corn and soybean production systems in Missouri have renewed an interest in
secondary macronutrient management such as sulfur which is essential for protein formation and Zn
which is importantor enzymes and metabolic reactions. Yield increases to sulfur applications are
more likely to occur during cool, wet springs when mineralization and crop growth are slow as a
result of a decrease in atmospheric sulfur deposition. Soil tests in 201&teadilat over 60% of
the samples in upstate Missouri had 18®W.6 ppm) to medium (0.7 to 1.0 ppm) soil test Zn
(Nathan, unpublished). Similarly, over 70% of the soil test samples were very low to medium for
Bray 1P.

Fertilizer manufacturing has progressto accommodate more uniform distribution of
nutrients in an individual fertilizer granule. Each prill is formulated to contain N, P, S, and/or Zn
rather than a blended product that includes individual prills of individual nutrients. In a blend, there
may be a certain amount of segregation that may occur which often affects the uniformity of
distribution when the blended fertilizer is applied in the field. This poor distribution of applied
blended fertilizer may be significant for recommendationstof B0 Ibs of Zn/acre. Typically,
soluble S sources, such as ammonium sulfate or ammonium thiosulfate, are recommended over
elemental S and ZnS@hich is a common source of Zn.

Impregnated granules where S and Zn are added in layers to the MAP prifl &dloavmore
uniform distribution of fertilizer which allows roots to have a higher probability of contact with the
fertilizer granule and may enhance fertilizer efficiency. Mosaic has formulated MES20-(t2
10S) and MESZ (1:20-0-10S1Zn) with two foms of sulfur (50% sulfate and 50% elemental S).
MESZ includes Zn as zinc oxide. These formulations are targeted primarily for corn, soybean,
wheat, and rice. This combination has been promoted to increase P uptake up to 30%. The
availability of Zn to theplant has been promoted as being 10 to 45% greater with the Mosaic
product.

The objectives of this research are to 1) evaluate P rates of MES10 and MESZ formulations
to equivalent blends of MAP, Zn, and S, and 2) evaluate Zn&6s in a blend with MABr DAP
compared to MES10 and MESZ formulations on grain yields and uptake of micronutrients in a
cornsoybean rotation.

Materials and Methods
1 Field researclwasconductedat two locationgNovelty and Albanyin 2013 and 2014
o Corn plots were establistien 2013 at both locations. Previous research conducted in
2011 and 2012 at Novelty was also reported. Initial soil characterisiiégasdhes deep
for objectives #1 and #2 are reported in Table 1.
0 Additional corn plots were established in 2014 and ellfollowed by soybean in 2015
for objective #1.
o For objective #2, corn response was evaluated in 2014 and the subsequent soybean
response will be evaluated in 2015.




0 The treatmentat eaclsitewerearranged as randomized complete block designs with 4
and5 replications at Albany and Novelty, respectively.

o Soil test P, Zn, and SE5 at a 6 inch depth following corn was evaluated in 2013 and
2014.

o Corn ear leaf tissue P, Zn and S®samples for 2013 were analyzed by the University
of Missouri Soil and Plat Testing Lab, and are currently being analyzed for 2014.

o Field and management formation for objective #1 is presented in Table 2 and objective
#2 is presented in Table 3.

1 Objective 1: Evaluate P rates of MES10 and MESZ formulations compared to equivalen
blends of MAP, Zn, and S. Treatments are listed in Tables 4 and 5.

o Field management information for the corn sites at Albany in 2013 & 2014 and Novelty
in 20122014 as well as the rotational crop (soybean) response at Albany in 2014 and
Novelty in 20122014 are reported in Table 2. Soybean plots had no additional fertilizer
application and were in the same location as the corn plots the previous year.

o Corn grain yields were reported for Albany in 2013 & 2014 and Novelty in-2014.

Yields were adjugd to 15% moisture content prior to analysis.

0 Soybean yields following corn treatments were reported for Novelty €2013) and

Albany (2013). Yields were adjusted to 13% moisture content prior to analysis.
1 Objective 2: Evaluate ZnS@ates in a blend ith MAP or DAP compared to MES10 and
MESZ formulations. Treatments are listed in Table 6.

o Field management information for the corn sites at Albany in 2013 (continuous corn and
corn following soybean sites) & 2014 as well as Novelty (22Q14), while the
rotational crop (soybean) response at Albany in 2014 and Novelty inZI0¥is
reported in Table 3. Soybean plots had no additional fertilizer application and were in
the same location as the corn plots the previous year.

o Corn yields were reported fédbany continuous corn and corn following soybean
(rotation) in 2013 & 2014 and Novelty (202D14).Yields were adjusted to 15%
moisture content prior to analysis.

0 Soybean yields following corn treatments in 220113 were reported for Novelty as
well asAlbany in 2013. Yields were adjusted to 13% moisture content prior to analysis.

Results

All of the sites had very low to medium soil test P, except for thesmybean rotation site
at Albany for objective 2 (Table 1). Similarly, soil test,S®wasmedium for all of the sites except
for the cornasoybean rotation site at Albany for objective 2. Soil test Zn was low to medium at alll
of the Novelty sites, but was medium to high at the Albany sites.

Objective 1

Corn plant population was 27,000 to,330 plants/acre at Novelty (202013) and no
differences among treatments were observed at Albany (data not presented). There was no effect of
fertilizer treatments on grain moisture at Albany or Novelty, while there was no difference in test
weight atNovelty (data not presented).

Rainfall was above average in the spring of 2011 which was followed by moderately dry
conditions during the summer. Corn grain yields were greatest with MESZ at 110#mcRe
(151 bu/acre), MES10 at 110 Ibg®/acre (50 bu/acre), and MAP at 110 Ibgd2/acre (150
bu/acre) at Novelty in 2011 (Table 4). All treatments were similar to MESZ at 1100b/aére
except MAP at 70 IbsPs/acre, urea at 28 Ibs N/acre, and urea at 46 Ibs N/acre. No significant
differences amng treatments were observed at Novelty in 2012 or 2013, which was probably



related to extremely dry conditions in 2012 and a flash drought in 2013. Grain yields at Albany in
2013 were greatest withlAP + ZnSQ + AMS at 110 Ibs RFOs/acre (148 bu/acre), MAat 110 Ibs
P,Os/acre (147 bu/acre), MAP + AMS at 110 IbgFacre (147 bu/acre), MES10 at 110 Ibs

P,Os/acre (146 bu/acre), and MESZ at 110 Ib®4Racre (145 bu/acre). Reduced rates of MAP (75

Ibs B.Os/acre) were generally lower thAP + ZnSQ + AMS at 110 Ibs POs/acre. In 2014, the
Novelty site experienced a high yield environment. At Novelty, treatments with the higher rate of P
(100 Ibs ROs/acre) had higher yields compared to no additional P in 2014. All treatments increased
corn yields compad to the P control at Albany in 2014. In general there was no significant
difference between P applied at 70 and 110 ¥%/Bcre, but yields were usually greater at 110 Ibs
P,Os/acre compared to 70 Ibs@®/acre.

No differences among soybean yields evdetected in 2012 or 2014 following fertilizer
treatments to corn in 2011 and 2013, respectively. However, soybean yields (35 to 36 bu/acre) were
similar for MESZat 110 Ibs FOs/acre, MAP + AMSat 110 Ibs BOs/acre, MAP + ZnSQ + AMS
at 75 or 110 Ibs J®s/acre, and urea at 46 Ibs N/acre in 2012.

There was no difference in solil test P levels following corn at Novelty in 2013 (Table 5).

All fertilizer treatments with Zrexcept MESZ at 110 Ibs,@s/acreincreased soil test Zn
concentratioacompared to gatments without Zn at Novelty in 2013. No differences among Zn
rates were detected. Soil test,S®was greatest with MES10 at 18 Idac®e which was similar to
MES 10 at 28 Ibs/8cre MESZ at 18 or 28 Ibs/&cre and MAP + AMS at 28 Ibs/&cre These
treatments increased soil test,S®concentrationsompared to thether treatmentsAt Novelty,

ear leaf P concentration increased with MESZ at 11040g/&cre, and all MAP treatments except
MAP +ZnSQ, + AMS at 70 Ibs POs/acre compared to the nareated control in 2013. MAP +

AMS at 110 Ibs FOs/acre had the highest ear leaf P concentration (0.308 %) which was similar to
MESZ and the other MAP treatments applied at 110 jog/Bcre. In 2014, MAP at 70 Ibs

P,Os/acre, MAP at 110 Ibs;Ps/acre +ZnSQ,, and all MES10 and MESZ treatments increased ear
leaf P concentration compared to the 4ti@ated control. However, no differences in Zn or S
concentrations were detected in 2013 or 2014 on soils with medium S and low to medium Zn. Soil
test Zn leels were greatest at Novelty (Table 1) compared to previous years.

In summary, average corn grain yields were similar with MAP at 110,{bgdere and
MESZ at 110 Ibs fs/acre (146 bu/acre) followed BJAP + ZnSQ + AMS at 110 Ibs FOs/acre
(144 bu/acre) However, MESZ at 110 Ibs®s/acre, MES10 at 110 Ibs®s/acre,MAP at 110 Ibs
P,Os/acre+ AMS, MAP at 110 Ibs POs/acre +ZnSQ, + AMS, and urea at 46 Ibs N/acre had the
highest average soybean yields (47 bu/acre) the following year.

Objective 2
Grainmoisture and plant populations were generally similar among treatments following corn or
soybean at Albany and following soybean at Novelty (data not presented). Corn test weight was
lowest in the nottreated, no N control at Novelty and N only treatrsenttwo of the years
evaluated, but limited differences were observed among Zn treatments (data not presented).
MAP or DAP were treated with a liquid formulation of Super Zinc (Helena Chemical Co., 2255
Schilling Blvd, Suite 300, Collierville, NT 38011 2013and 2014 At Novelty, corn grain yield
was highest with MESZ and MAP + SuperZn + AMS in 2011; MESZ;tneaited andho N
control, and N only in 2012, and MESMIAP + ZnSQ (5 lbs Zn/acre} AMS, MAP + SuperZn (5
Ibs Zn/acre}t AMS, and DAP + AMSm 2013 (Table 6). In 2014, several high yielding treatments
MAP + ZnSQ at 5 Ibs/acre + AMS and DAP + Zng& 2 Ibs/acre + AMS had yields that were 10
bu/acre greater than MAP alone. Average corn yield for the fyesites evaluated to date ranked
MESZ (109 bu/acre), MES10 (105 bu/acreMAP + ZnSQ (5 Ib Zn/acre AMS (105 bu/acre),
and DAP (104 bu/acre). Average soybean yields were 49 bu/acre with the N only control, MESZ,
DAP, and DAP + ZnSgat 5 Ibs/acre + AMS, but there was significant treamnent effect on
soybean yields within 2012, 2013, or 2014.



All treatments increased ear leaf P concentration compared to tiieeated, no N control at
Novelty in 2013 (Table 7). The inclusion of MAP or DAP generally increased ear leaf P
concentration@mpared to the N only treatment. There were limited differences in P concentration
among P treatments at Novelty in 2013 and no differences between treatments in 2014. In general,
treatments increased ear leaf S and Zn concentration compared to-theated, no N control at
Novelty in 2013 and ear leaf Zn concentration at Novelty in 2014, but treatments with S and Zn had
ear leaf concentrations that were similar to the N only control. Ear leaf Zn concentration was
greatest with MESZ and DAP + AMS Atbany in continuous corn, but inconsistent differences
among treatments were observed at this location. Ear leaf S was greatest with DAP + AMS, but
differences among treatments were inconsistent.

At Novelty, all treatments increased soil test P comptoélde nortreated, no N control (Table
8). MAP or DAP + ZnS@+ AMS at 2 |bs Zn/acre and MAP or DAP + Super Zn + AMS at 5 Ibs
Zn/acre increased soil test Zn 1.2 to 2.9 ppm compared to theeatad controls. MES 10 and
MESZ increased soil test S coarpd to the N only control, while blends of MAR Zh at 2 Ibs/a +
AMS and DAP + Super Zn at 2 Ibs/a or ZnS©OAMS significantly increased soil test S compared
to the N only control.

There was no difference in ear leaf P, Zn, or S concentration aneatignénts at Albany with a
cornsoybean rotation (Table 7), which was probably due to the high soil test P, Zn, and S at this
location (Table 1). Similarly, no difference in soil test P or Zn was observed at the Albany site in a
cornsoybean rotation (Tabl). Nonetheless, S concentrations were increased with MES10, MAP
+ AMS, and DAP + Super Zn + AMS.

The continuous corn site at Albany had several treatments that increased soil test P concentration,
but Zn treatments had no significant impact on st Zn concentration when compared to the no
treated controls. When compared to the N only controlj S@ the soil increased with all
treatments that included a S additive. Solil tesfiSQvas similar between MES10 and MESZ
when compared to the adaditi of AMS.

Summary:

1 In objective 1, the carry over effect of fertilizer treatments from corn to soybean indicated
MESZ and MAP at 110 Ibs,Ps/acre had the highest average corn (6\g#as) yields,
while urea at 46 Ibs N/acre, MES10, MESZ, MAP + AM8d MAP + ZnSQ@+ AMS at
110 IbsP,Os had the highest average soybean yields (4ysites).

1 In objective 2, corn grain yields were ranked MAP + Zp &b Ibs/acre + AMS (133
bu/acre), MAP (131 bu/acre), and MAP + ZnSD2 Ibs/acre + AMS = DAP + ZnS@t 2
Ib/acre + AMS (130 bu/acre) for 7 siyears. Soybean yields following the same plots as
corn were similar for the N only control, MESZ, DAP, and DAP + Zp&( Ibs/acre +
AMS treatments.



Importance of micronutrients in maximizing corn yield

Felix B. Fritschi and James H. Houx Il Univ. of Missouri

Objectives and Relevance to the Missouri Fertilizer and Lime Industry:
The main objective of this research is to determine the impact of various micronutrient packages
offered by the fertilizer indusy on corn yield.
The specific objectives are to:

19)Quantify the impact of prormulated micronutrient packages on corn yield.

20)Determine plant tissue concentration of applied miar@l macronutrients.

21)Determine differences in nutrient uptake and yiedtheen glyphosateind non

glyphosate treated corn.

The use of micronutrients is increasing as the costs of fungicides and pesticides have many growers
and producers focused on balanced plant nutrition to optimize plant health (Brown, 2088). Pre
formulated micronutrient packages are advertised to improve yields and nutritional content of

Mi ssouri 6s crops. l ncreased yields would tran
increased fertilizer sales. Statistics on micronutrient use andiyipfdvement in Missouri are

scant. However, evdrigher crop yields and, with the advent of cellulosic biofuel production,
increases in whole plant removal will resul t i
increase in micronutrients leang the field and a potential reduction in soil supply power

(associated with reductions in soil organic matter caused by the removal of not only grain yield but
also crop residues) emphasize the importance to critically examine the role of micronutrient
fertilization on corn in Missouri.

2014 ACCOMPLISHMENTS:

1 This year was theecondyear for the project evaluating micronutrient
applications on corn yield and development.
1 Treatments 1 through 7 listed belovere applied té’ioneer corn hybrid 32D79 in 28 and
in 2014 treatment 8 was also included and Pioneer corn hybrid PO636AMX was planted.
Main plots were weed control with glyphosate and weed control based on conventional
herbicides. Cornwas planted466 | ong pl ot s oforatarge®tnd r ow s p @
density 0f32,000plants per acre. The following treatments were applied in six replicates.
1) AgXplorebds MicroStarter
2) Agrisol-GheCoomiMgo Ul tr a
3) Agrigaurdianbdés MOLY
4) Wuxall Top 3
5) Agrisolutions Max IN ZMB + MaxiN Boron
6) Inorganic Zn sulfate, Mn sulfate, Molybdate
7) untreated control
8) Biotic 85-5 Chicken Litter Fertilizer
1 In-furrow treatments (treatments 1 and 2 above) were applied at recommended rates at
planting with a 4row planter equipped with an-farrow liquid appication system.
1 Foliar treatments (treatments53above) were applied at recommended rates and times with
athreepoi nt tractor mounted, telescoping spray
1 Treatment 8 was applied and incorporated prior to planting.



91 Data were tai&n on plant height and chlorophyll concentrafiS®RAD)over the course of

the growing season.

= =4 =

2014 PRELIMINARY RESULTS:
NOTE: Results are preliminary

Biomass sampling at V®lo differences in leaf or stem biomass were found between fertilizer
treatments. Similarly, no differences weresetved between herbicide regimes.the first
biomass sampling at V&ith conventional herbicidesorn leaf dry matteaveraged 116.8g and
corn stem dry matter averaged 76.8 g. Inglyphosatdreated plotsleaf dry matteaveraged

122.7 g and coratem dry matter averaged 76 G@ble 1)

Table 1.Dry matter yield of six corn plants harvested at V6 stage divided by treated with or without
glyphosate as part of standard weed control.

no glyphosat

PLANT PART glyphosate =",
grams

STEM 76.79 76.89
LEAF 116.77 122.74
TOTAL 193.56 199.63
_ Pr>f ns® ns
Ahs = no statistical

di fference

Whole plant samples weoellectedat V6 and dough developmental stages.
Grain yield and yield components were determined at the end of the season.
Tissueprocesing for compositional analysis on-going at this time.

wi t hi

n

a

col

Biomass sampling at dough stadd:the second biomass sampling at dough stage, leaf dry matter
averaged 239.6g and stem dry matteraged 98.05 g in the treatment with weed control based on
conventional herbicide. In the glyphosate treatment, leaf dry matter averaged 200.8 g and stem dry

matter averaged 98.04g. Remaining samples are still being processed.

SPAD readingsSPAD reading (a surrogate estimate of nitrogen status) were taken approximately

six times during the growing season. Five measurements were taken on the most recent, fully
expanded leaf of five different plants in each plot. As expected, SPAD increased as the seaso

progressed and the highest readings were taken approximately two weeks after tasseling. Further

analysis of SPAD data is necessary for reporting.

Grain yield: Grain yields did not differ among fertilization treatments. Grain yield in the

conventionaherbicide treatment, ranged from 128 bu/ac to 144 bu/ac with a mean of 136 bu/ac

(Table 3). Inthe glyphosate treatment grain yield ranged from 119 bu/ac to 134 bu/ac with a mean

of 127 bu/ac. Analysis of yield components is ongoing.

u mi



Table 3. Yield in response teight nutrient products amngeed control based on conventional
herbicides and glyphosate.

Yield
Product no glyphosate
glyphosate
----------- bu/ac----------
AgXplore MicroStarter 128 119
Agrisolution Ultra -Che 144 128
Agriguardian MO LY 130 124
Wauxall Top 3 144 130
Winfield Max -IN Ultra
ZMB + Max-IN Boron 140 134
ZnS04 +
MnSO4+Molybdate 139 127
Control (n_o product 132 126
applied)
Biotic 8-5-5 Chicken fert. 135 130
Pr>F ns ns
Mean 136 127

Ans = no statistical difference withm c ol u M@, at PO
OBJECTIVES FOR YEAR 3:
The third year of field experiments will be conducted and nutrient analyses will be comméted.

intend to present preliminary results of this research at the 20150§5%SSSA annual
international meeting.

Category Year 3
Personnel

PhD Student $18,500
Field cost (fertilizers, herbicide, bags, et  $1,800
Tissue and seed analyses (ICP, NIR $2,000
Travel $1,200
Total $23, 500




Evaluation of Micronutrient Packages for Coekeason grass Pastures

I nvestigator:Robert L. Kallenbacind Brent Myers

Objectives and relevance of projecSeveral new fertilizer products are being offered to forage
producers. Although some of these products have no real scientific basis (raw milk, sea salt, etc.), there
are several new products that legitimately could alleviate secondary or micronutrient deficiencies.
Fertilization with secondary and miotarients has not been widely recanded or practiced in

Missouri, but interest in these nutrients has increased gsites have jumpedifered by several
wellestablished fertilizeompaniegroducers and fertilizer dealers are naturally curious as to the
effectiveness of these products on pastures. At present, there is little independent research data
examininghe use of these products on esgdson grass pastures.

Theoverall objectiveis to develop researblased recommendations that help industry personnel and
farmers determine if fertilization with commercially available secondary and/oumerbmckages
improves coeseason grass pasture growth. Specific objectives are:

ObjectiveDetermine if adding a commerctalxilable secondary or miorgrient product to an
existing fertilizer program improves the growth response sfeasoin grasagtures.

ObjectiveRetermine if these products change forage palatability or utilization by livestock.
Objective3etermine if these products change forage nutritive value.
Procedures:

Treatmeni&his experiment test12 unique fertilizer prodis on coekeason grass pastures. The
products are listed in the table below.

Product Supplier
MicroEssentials SZ Mosaic
MicroEssentials S15 Mosaic
Megafol Valagro
Elemax Helena
Bio-Forge Stoller
Humic 20 United Suppliers
Black Label Zn Loveland
LoKomotive Loveland
Versa Max Rosens
Lignin Magnesium AgXplore
Lignin Manganese AgXplore
MicroScience AgXplore

Each productvastested under both a low and a high yield sce@ari20 March 20130 Ib/acre of

N wasapplied as a basic fertilityatraentto plots inthe low yield scenario, and then the products
listed abovevereapplied at the manufacturers recommended rate. For the high yield sc@rario, N
wasapplied to the appropriate plots at-Z&250, according to soil tessultswith a yeld goal o8

tons per acrd.ime was not required on the plots this yidas.low/high yield scenario comparison
should indicate if the use of these new products is more likely to be beneficial at higher production
levels or if it is beneficial at albguction levels. Finally, check treatments where no fenédzer



appliedvereincludedIn total there were 2featment combinations tested fgr@lizer products
yield scenarios = 2%atmenplus 3 controls (low yield, high yield, and noiZzer].

Cultural practichss studyvasconducted on established tall fescue pasturedarége Systems
ResearcRenter nedtinneus MO.
DesigrnTreatmentsverereplicatedixtimes in a randomized complete block desigrsplit block
arrangemenindividual plotsvere20ft. x 20ft.
Measurements

Forage yield and growth ratesPasture yieldwasmeasured weekly using an ultrgonic feed
reader(Figure 1) The ultra-sonic reader was calibrated by ethanicaly harvestingforagefrom

dedicated yidd strips.

Animal palatability and utilization.
In order to bestevaluatethe products for pasture usewe tesed under grazing conditions.
Once the pasture height reached aboutifiches, livestockwereintroduced at a temporal
stocking rate of 50 to 6@d/acre (Figure 2). At this stocking rate, foragevasgrazed to a 23
inch stubble within 24 hours.To assess palatability of the forage, a representative set of
livestock werefitted with GPS collars. The GPS collars track and recorddistock location
everysecond (Hz ) . Each recording or oOwasassociatddwitiang t he
individual plot. Previous research from our lab shows that these fixes correlate well with
grazing time, and thus animal preference for forage.

Preliminary Results

Forage yield was about 30% greater under the high yield scenario when compared to the low yield
scenario (Figure 3). Micronutrient packages that contained Zn appeared to yield slightly more than the
controls, however, the yield differences in 2014 meale(less than 100 Ib/acre). We are still analyzing

the GPS collar data, but it appears that animal preference is not altered by application of
micronutrients. We want to stress our data are preliminary and that furiteemdasting will be

needed t@onfirm these results.



Figure6. Forage height being measured with an ultrasonic reader.

Figure7. Cows grazing tall fescue treated with different micronutrient products under high and low saj fertili
scenarios.




Figure8. Raw leight of plots immediately before harvest by grazing cows.
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Budget for 2015

YEAR 3 (2015)
Salary and Benefits
Research Specialist (20% of $58,710) $11,742
Benefits for Research Specialist $3,757
Total Salary and Benefits $15,49¢
Operating Expenses
Fertilizer, bags, repair parts for harvester and other field supplies $3,740
NIR charges for forage quality analysis (216 samples @ $5 each) $1,080
Wet chemistry for NIR calibration (&0rples @ $24 each) $1,440
Travel to research location (mileage, lodging, and meals for 8 trips/ly $1,600
Total Operating Expenses $7,860
Equipment
None requested $0
Total Equipment $0

Total Proposal Request for Year #2 $23,35¢
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A Long-Term Study to Further Enhance Variable Rate Fertility Management

Investigator(s):
Kent Shannon, Todd Lorenz, Joni Harper, Peter Scharf, Brent Carpenter, Gene Schmitz,
and Wendy Rapp

Objectives:

The objectives of this project are:
1) To evaluate proposed changes in University of Missouri fertilizer recommendations
in variable rate fertility management of P and K as relates to soil test critical values.

2) To gain a better understanding of how yield map data can be used to fine tune
removal rates of P and K in a variable rate fertility system.

3) Provide producers and service providers the production and economic information
necessary to make more informed variable rate fertility management decisions.

The main goal of the project is to better understand how producers can further improve the
efficiency of variable rate fertility management of P and K while maintaining or improving

crop yields. With the volatility of P and K prices, being able to further improve fertilizer use
efficiency iIis important in todayds production
potential to further increase the adoption of variable rate technologies which not only

effects profitability but in the end it also protects the environment.

Procedures:

In the spring of 2010, three crop fields were chosen for the project. Fields ranged in size
from 63 to 108 acres. The fields selected are in a corn-soybean rotation for the duration of
the project with the possible addition of wheat depending on the year. All three fields have
been grid soil sampled on a 1 acre grid. The three fields received fertility treatments in the
fall of 2013.

There were four treatments applied to be used to evaluate the effectiveness and
economics of furthering enhancing variable rate fertility management. These treatments
included:

1) A control which receives no fertilizer.

2) Whole field management of P and K fertilizer.

3) Variable rate fertility management of P and K based on grid soil sampling using
current University of Missouri fertilizer recommendations.

4) Variable rate fertility management of P and K based on grid soil sampling using
proposed University of Missouri fertilizer recommendations using soil test critical
values of 30 Ibs/acre for P and 150 Ibs/acre for K.



The four treatments were laid out to minimize any differences in soil type and terrain within

the field. Each treatment was replicated at least 12 times in each of the three fields where

treatments were applied in the fall of 2012. Pl ot s wer e 8006 x 3006 in si
was chosen because of the width of fertilizer
assure quality as-applied fertilizer rate data and yield map data for analysis. Plot layout for

the three fields implemented can be seen in Figure 1. Plots were embedded in a variable

rate application map and applied with standard variable rate fertilizer application

equipment. Plots were harvested with a yield mapping equipped combine collecting data

using a one second time interval.

Field 1 - Treatment Layout Field 2 - Treatment Layout Field 3 - Treatment Layout

Fld2sprd_beans.shp 1
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Figure 9. Plot Layout for Field 1, 2, and 3

Results for 2013:

Because of technical i ssues with the cooperato
the fields was not collected for the 2013 harvest. In lieu of the technical issues, the

cooperator has agree to apply treatments for the upcoming 2014 growing season to

finalize the project with one final year of yield data collection in the fall of 2014. Also

because of the lack of yield data for 2013, a final comprehensive soil sampling of each of

the fields was not conducted and will be finalized after the 2014 grain harvest.

In lieu of no yield data from the 2013 harvest, two preliminary analysis have been included
in the report on changes in solil test values and economics of the fertilizer treatments.

Initial analysis of fall 2012 soil sampling results compared to the original baseline soil
sampling conducting in 2010 has been conducted. Results are summarized below for
each field showing changes in soil test Bray | P and K.



Soil Test Analysis Comparison from Spring 2010 to Fall 2012 for Field 1 7 Bray | P

Treatment 20107 Bray | P (Ibs/acre) 20127 Bray | P (Ibs/acre)
Whole Field 62 82

Current 61 69
Recommendations

Proposed 55 51
Recommendations

No Fertilizer 57 59

Soil Test Analysis Comparison from Spring 2010 to Fall 2012 for Field 2 7 Bray | P

Treatment 20107 Bray I P (Ibs/acre) 20127 Bray | P (Ibs/acre)
Whole Field 16 45

Current 16 53
Recommendations

Proposed 14 34
Recommendations

No Fertilizer 18 36

Soil Test Analysis Comparison from Spring 2010 to Fall 2012 for Field 37 Bray | P

Treatment 201071 Bray I P (Ibs/acre) 20127 Bray | P (Ibs/acre)
Whole Field 59 50

Current 58 55
Recommendations

Proposed 56 52
Recommendations

No Fertilizer 58 49

Soil Test Analysis Comparison from Spring 2010 to Fall 2012 for Field 11 K

Treatment 20107 K (Ibs/acre) 20127 K (Ibs/acre)
Whole Field 232 236
Current 247 253
Recommendations

Proposed 229 157
Recommendations

No Fertilizer 230 187




Soil Test Analysis Comparison from Spring 2010 to Fall 2012 for Field 21 K

Treatment 20107 K (Ibs/acre) 20127 K (Ibs/acre)
Whole Field 228 136
Current 228 140
Recommendations

Proposed 223 148
Recommendations

No Fertilizer 234 143

Soil Test Analysis Comparison from Spring 2010 to Fall 2012 for Field 371 K

Treatment 20107 K (Ibs/acre) 20127 K (Ibs/acre)
Whole Field 183 216
Current 176 223
Recommendations

Proposed 185 207
Recommendations

No Fertilizer 182 195

Initial analysis does show some possible trends between treatments but it should be noted
the methodology of conducting the original baseline soil sampling and the fall 2012 soil
sampling were not conducted in the exact locations. Interpolated soil test data was used
for the 2010 results.

As in past years, tables summarizing fertilizer recommendations for P,Os and K,O for the
three fields by treatment for the 2013 growing season. As in the past two years, it should
be noted by using the proposed University of Missouri fertilizer recommendations
decreased fertilizer requirements of both P,Os and K;O in all fields. These differences
were considerably less than current University of Missouri recommendations. In Field 1,
the P,Os recommendation was 2624 Ibs less and the K,O recommendation was 4048 |bs
less. Field 2 and 3 shows the same trend. The P,Os recommendation was 4886 Ibs less
and the K,O recommendation was 3663 Ibs less for Field 2. In Field 3, the P»Os
recommendation was 2160 Ibs less and the K,O recommendation was 7753 Ibs less.

Fertilizer Recommendations for P,Os and K,O by Treatment for Field 1 - Corn

Treatment Total Pounds of P,Og Total Pounds of K,O
Whole Field 3920 6770
Current Recommendations 3607 5810
Proposed 983 1762
Recommendations




Fertilizer Recommendations for P,Os and K,O by Treatment for Field 2 - Soybeans

Treatment Total Pounds of P,Os Total Pounds of K,O
Whole Field 8866 7916
Current Recommendations 9299 8371
Proposed 4413 4708
Recommendations

Fertilizer Recommendations for P,Os and K,O by Treatment for Field 3 - Soybeans

Treatment Total Pounds of P,Os Total Pounds of K,O
Whole Field 2046 14332
Current Recommendations 2160 13935
Proposed 0 6182
Recommendations

Initial economic analysis has been conducted utilizing 2010 and 2011, yield data and
fertilizer applied according to treatments. The following is a summary of this analysis:

Difference in Crop Value Minus
Cost of P and K Fertilizer (per
Treatment acre)

Current Recommendations $644.70

Proposed Recommendations $712.77

No Fertilizer $732.64

Whole Field $631.76

Analysis assumed P205 cost of $0.46/lb, K20 cost of $0.50/Ib, corn price of $5.50/bu, and
soybean price of $14.20/bu. At this point in time the analysis, an economic advantage of
the proposed recommendations over current recommendations for variable rate P and K
management has been shown. It should also be noted any soil sampling cost and variable
rate application costs have not been included in the analysis.

Objectives for finalizing the project in 2014:

1. Applied final fertilizer treatments to all fields in the spring of 2014.
2.
3.

Conduct a field day in the summer of 2014 to discuss results from the past years.
Conduct final after harvest soil sampling of plots in fall of 2014 to finalize analysis
effects of fertilizer treatments as related to yield data.

Finalize all yeards results and publ i sh



Continuing BUDGET for 2014 from monies not spent in 2013

ltem Description 2013
Soil Tests

800 post harvest @ $10.00 4,000
Plot Specific Soil Tests T 40 post @$10.00 200
Supplies bags, markers, sign 125
Field Days 500
Publication 400
Travel 780
Sub total by year $6,005
Support Salary 25% of the above total $1,501
Grant Total by year total $7,506

Continuation of Budget Request for 2014 $7,506



Plant Sap Test for Foliar N, K, Mn, and Lime on Soybean and Cotton
Gene Stevens, Matt Rhingelly Nelson,Jim Heiser, and David Dunn

Objective and Relevance:Soybean and cotton farmers could benefit from rapid, inexpensive methods
to evaluate crop tissue or sap to determine wherse#bon foliar sprays are needed to maximize
yields. Horticulture crop growers measure plant sap in tomatoes, potatoes, and lettuce as a tool for
managing N. Water districts in California published leafrstiatenitrogen sufficiency guide sheets for
testing fresh sap from broccoli, brussel sprouts, cabbage, cauliflower, celery, lettuce, spinach, and
onions.

The objective of this study is gvaluate field iorselective electrode meters, colorimeters)
color indicator strip tests on soybean and cotton plants growing on a range of soil test levels and foliar
fertilizer N, K, and Mn applications. We hope to develop a fast testing process which works like a
diabetic person pricking his finger and tegtfor blood sugar.

Procedure: Soil samples were collected from fields at the Fisher Delta Center atddtegdrhodes

Farm at Clarkton and tl@reenley Center at Novelty, Missousoybean and cotton was planted in

small plots in fields with sotlest levels in the low and medium ranges for potassium and manganese.
Cotton was also planted at Clarkton to evaluate N quick tests. Fertilizer treatments for K, Mn, and N
included a untreated check, recommended dry preplant fertilizer and severgstand sources of

foliar fertilizer. Each treatment was replicated five times. Leaves and petioles from each soybean and
cotton plot were collected. Samples were collectatrair 12 R1, and R1+ 1 weelrowth stages

followed by foliar sprays of eachutrient on treatments using a €kackpack sprayer. Plots were

visually rated for leaf burn at 3, 7, and 14 days after foliar applications. Leaf and petiole samples were
frozen in plastic bags until they could be processed. A garlic press was useektzedgaf and petiole
sap.Cotton tissue nitrat®l was measured by Horiba® Cardy nitrate meter, Hach® Colorimeter, and
Quant® Nitrate test StripRuplicate samples were oven dried and tested in the Delta Center Lab with a
nitrate ionselective electrodé plot combine and cotton picker were used to mechanically harvest
plots. Yield response to foliar spray will be correlated with leaf sap meter reading to determine best
growth stages and leaf stems to sample.

Results: No significant differences in soghn yield were found among potassium sources or timings at
Novelty in 2013. Yields of this study ranged from 29 to 33 bu(@able 1). At the Clarkton location,
significant decreases in soybean yield were found after three applications of white soiabiteqp Re
Nforce K compared to the untreated check. These applications resulted in 8 and' $obaes;
respectively. Accompanying this yield loss was a high incidence of leaf burn, which could attribute to
the yield loss.

In the cotton potassium sty, yields were numerically highest when potassium nitrate (KNO3)
was applied at R1 and R1 + 1 Wk (Table 1). However, this yield was not significantly higher than the
untreated check. Reduced cotton yields were found with all but the highest applic&®Nfoice K,
as well as the highest application of white soluble potash. The 189 Ib lint yield reduction with three
applications of white soluble potash could be attributed to the leaf burn associated with the application
of this product. No combinatiorf €ertilizer or treatment was determined to yield significantly higher
than the untreated check.

In the manganese study, the highest yields at the Novelty location came from MnSO4 soill
applied and Gluco Mn + glyphosate, which were both 35 Bi{Table 3. These yields, although not
statistically significant, were 2 buabigher than the untreated check. Yields were significantly reduced
when chelated EDTA Mn was applied after R1. Also, yield loss occurred when either chelated EDTA
Mn or MnSO4 was apmd with glyphosate. However, tank mixing Gluco Mn with glyphosate did not
cause the same yield loss. No significant leaf burn was found due to any fertilizer treatment. At the
Clarkton location, no significant differences were found among Mn treatmetitsirmgs. Average
yields ranged from 52 to 60 buaTable 2).



In the foliar nitrogen study, cotton yields were numerically highest when the source fertilizer
included ammonium nitrate (NH4NO3). One application of NHANO3 + KNO3 one week after bloom
increased yields by 95 Ib lint &¢Table 2). Again, however, although numerical differences were found,
no significant yield differences were found among foliar nitrogen treatments. This field had been used in
winter legume cover crop research in the pastrazg have N released from organic matter during the
year.

We are currently in the process of making quick test measurements from frozen samples
collected during the 2013 season and comparing the results to duplicate leaf and petiole samples test at
the Delta Center Soil Lab (Figure 1).

Sap analysis was conducted on these experiments for the 2012 season. No significant differences
in soybean tissue K content could be found among treatments at either the Novelty or Clarkton
locations, although significagteld differences were found between those treatments shown (Figures 2
& 3). In the cotton experiment, however, differences could be found between tissue K contents of plots
that received KNO3 one week after R1 and untreated checks (P = 0.0644; Figiresé)treatments
were also significantly different in cotton lint yield.

Differences in soybean tissue Mn content were found among manganese treatments in 2012 (P =
0.0834; Figure 5). Applications of chelated EDTA Mn or MnSO4 + glyphosate were fourttdasa
tissue Mn compared to untreated checks. No significant differences in cotton tissue N content were
found among foliar nitrogen treatments in 2012.

Table 1. Soybean and cotton yield response to soil and foliar potassium treatments at Novelty,
Qulin, and Clarkton, Missouin 2013

Preplan R1+1 Novelty Clarkto Clarkton
Trt Fertililizer t V7 Rl wk n
soybean cotton
---------------- Ib K20/&-------------  --------bu/&-------- |b lint /a
Check 0 0 0 31 ¢ 70a 633 ab
Soil Potash 120 0 0 0 32a 62bcd 574 abc
Bdcst  Potash 0 0 0 60 29a 66abc 514 abc
Bdcst  White Sol Potast 0 19 19 19 32a 62cd 444 bc
Bdcst  White Sol Potast 0 0 19 19 30a 65abcd 574 abc
Bdcst  White Sol Potast 0 0 0 19 30 a 67 ab 490 abc
4.6 32 a 68ab 622 abc
Foliar KNO3 0 4.62 2 4.62
4.6 3la 66abcd 696 a
Foliar KNO3 0 0 2 4.62
Foliar KNO3 0 0 0 4.62 29a 65abcd 479 bc
4.6 33a 61d 552 abc
Foliar Re-NforceK 0O 4.68 8 4.68
4.6 32a 65abcd 41l1c
Foliar Re-NforceK 0 0 8 4.68
Foliar ReNforceK 0 0 0 4.68 3la 67abc 431bc
AYi el ds followed by the same | etter were not



Table 2. Soybean yield response to soil and foliar mangaresgments at Novelty and Clarkton

Missouriin 2013

R1+1 Novelty Clarkton

Trt Fertililizer Preplant V7 R1 wk
---------- Ib Mn/acre----  -----bu/acre---
Check 0 0 0 0 33 a 56a
Soll Mn sulfate 6% 4 0 0 0 35a 58 a
Foliar Chelated EDTA Mn 0 025 0.25 0.25 30d 53 a
Foliar Chelated EDTA Mn 0 0 0.25 0.25 30 cd 60 a
Foliar ChelatedEDTA Mn 0 0 0.5 0 32abcd 57a
Chelated EDTA Mn + 30 bcd 52a

Foliar glyphosate 0 0 0.5 0
Foliar Mn sulfate + glyphosate 0 0 0.5 0 30bcd 56a
Foliar Gluco Mn + glyphosate 0 0 0.5 0 35a 57 a
Foliar glyphosate alone 0 0 0.5 0 33 ab 58 a

AYi el dved by thelshnme letter were not significantly different at the 0.05 level.

Table 3. Cotton yield response to soil and foliar nitrogen treatments at Clarkton, MisstuiB

First Bim +1 Cotton
Treatment Fertilizer Preplant V12 BIm wk
................. Ib N/acre--------------- Ib lint/acre

Check 0 0 0 0 558 a
med N soil 40 0 0 0 582 a
high N soil 120 0 0 0 587 a
low N 512 a
foliar Foliar KNO3 0 4.62 4.62 4.62

low N 578 a
foliar Foliar KNO3 0 0 4.62 4.62

low N 571 a
foliar Foliar KNO3 0 0 0 4.62

med N Am nitrate + foliar 620 a
foliar KNO3 40 4.62 4.62 4.62

med N Am nitrate + foliar 618 a
foliar KNO3 40 0 4.62 4.62

med N Am nitrate + foliar 653 a
foliar KNO3 40 0 0 4.62
AYi el ds foll owed by the samatthe®@5tleec. wer e

not



Figure 1. Portable nitrate meter, colorimeter, and nitrate test strips used to nsagsitrate
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Figure 2. Comparison of soybean tissue K content between plots fertilized with 120skilac
appliedK and the untreated checks at Novelty, Missouri in 2012.
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Figure 3. Comparison of soybean tissue K content between plots fertilized with two applications of
Re-Nforce K and the untreated checks at Clarkton, Missouri in 2012.
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KNO3 and the untreated checks at Clarkton, Missouri in 2012.
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Soils Lab Yearly Status Report

Tuesday, February 25, 2014

Overview

Substantial progress on the Soils Lab rewrite has been made over the preceding yearryliofJanua
2013, the rewrite was only the barest skeleton of the main menu. The Data Entry page could only
enter and save data. It could not edit the existing data. This and the majority of the data structure
was the extent of the development of the system.

As of December of 2013, the Soils Lab rewrite could successfully collect data for soil samples of
field crops, lawn and garden, and commercial horticultural crops. The results for each sample could
be displayed, edited and saved. The recommendationeanwgs in place waiting for the definition

of all the various rules. The screens and reports for the accounting system have been developed and
are waiting for review.

The assistance of Dr. John Lory for significantly organizing the progress of thé. &oilewrite

needs to be recognized and appreciated.

Database

The database structure is well established, and has had few changes in the past year. The changes to
the database have occurred in the areas of Recommendtil@ss and Accounting. The chasg

in Rules and Recommendations to are designed to enhance the support for different types of
samples.

Program

Data Entry page of the Soils Lab rewrite is nearly fully functioning. The data entry page needs
some tweaks to the user interface to improveegpd data entry. There are two additional features

to be added to the data entry page. The direct connection from the data entry page to the
recommendation display needs to be completed. The other feature is much more complicated and
involved. The comjptation is not on the data entry page, but in the special tests page itself. The
ability to add special tests to a sample is well supported by the data structure, but with the Soils
Testing Lab supporting 116 different tests the challenge comes frore¢dgmmake the selection

of special tests as easy as possible.

The manual Results Entry page is fully functioning allowing the user to display, edit and save the
results of tests. However, no formal review has been done of the results entry page has been
performed. Problems are always found when the page is first put under the stress of use.

The Recommendations system is nearly fully functioning. The recommendation page depends on
the recommendation rules to be described before it can generate acoatmendations. Other

parts of the Soils Lab rewrite associated with recommendations are: Rule Editor, Message Editor,
and Rule Engine

The Rule Editor is currently being used to manage the recommendation rules. There are two
additional features to be deld to the rule editor: message display and rule syntax checking.

The Message Editor is fully functioning. There are no changes are currently anticipated. The
message editor is being used in association with the Rule Editor to enter the rules assitbiated

the recommendations.

The Rule Engine is a simple rtime mathematical interpreter. It processes a sequence of rules
performing numerical actions on the test results and other values about the sample being processed.
In the tests run, the rule engihas shown itself to be in functioning condition. Until the rules are
entered and applied against testing sets, it is not possible to identify additional issues with the rule
engine.



The Recommendation display for Soil Analysis recommendations is beendded into the

system. The Soil Analysis recommendation report support standard and infrequent tests. It provides
the results as well as providing the recommendations.

Pending

Work has been started Lab Data Upload for the automated upload of ldb resé Soils Lab

rewrite database. The limited testing has been successful for the limited records that we have
already imported into the database.

The Accounting portion of the Soils Lab rewrite has been initially sketched, however, no systematic
review of what is desired and needed has been done.

! Hard coded implies that a programmer is required to make changes. The recommendation display is the
single major system that is hard coded in the entire Soils Lab rewrite. The guiding principle for the entire
system is to make it table driven allowing all changes and extensions to be done by the end user.



Updating University of Missouri Soil Test Based Fertilizer and Lime
Recommendations Program: Status Report

Manjula Nathan, Associate Profesiairector, MU Soil and Plant Testing Laboratory

Division of Plnt Sciences, University of Missouri

Peter Scharf, Professor, State Nutrient Management Specialist, Division of Plant Sciences,
University of Missouri

David Dunn, Extension Associate/Manager, Delta Soil Testing Lab

Objectives, including relevance oproject to Missouri fertilizer/lime use:

1 Update and ravrite the University of Missouri Soil Test Recommendations Program to
include the revisions and updates made by the University of Missouri Soil Fertility Working
Group.

1 Update the soil test to a webdea system that is independent of operating systems, offices
systems, and web browsers.

University of Missouri (MU) soil test and fertilizer recommendation program is used by the MU

Soil Testing Laboratories located at Columbia and Portageville to grésidlizer and lime
recommendations for row and forage crops to about 40,000 farmers each year. The soil test based
recommendations from University of Missouri soil testing labs are being used to apply fertilizer and
lime for about 4,000,000 acres of rawops and forages for efficient use of fertilizer and lime, and

to achieve economical returns from crop production. In addition, the state and federal agencies such
as the Natural Resources Conservation Service (NRCS), Farm Service Agency (FSA), Missouri
Department of Natural Resources (MDNR), Missouri Department of Agriculture, and agricultural
industry personnel, (crop consultants and fertilizer dealers) and individual producers rely on the MU
soil testing database program to get unbiased, researdhfeasiezer and lime recommendations

from University of Missouri.

During the past 15 years, there has been significant research in Missouri and other states on soill
testing and crop fertilizer needs relevant to Missouri conditions. Some of that heseardue to
the result of support by the Missouri Fertilizer and Ag Lime Board.

The Soil Fertility Working Group is the committee charged with reviewing and approving changes
to MU recommendations. This committee includes research and extension viawityg on soll
fertility issues at MU and the heads of the Columbia and Delta soil testing labs. The members of
these committee has been working for the past few years on revising the fertilizer and lime
recommendations based on research findingshasd¢ome up with significant updates. Some areas
where significant changes have been made in the soil test based fertilizer recommendations include:
o Integrating economics into corn nitrogen recommendations.

Updates to the buildup equations for soil tesiggihorus and potassium.

Updates on crop removal values.

Revisions to Missouri lime and magnesium recommendations.

Changes to the soil test recommendation rating system.

O O O0OOo

Implementing recommendation changes has been limited by the ability to includeisiensewm
the MU Soil Testing Database Program that benefits thousands and thousands of growers who
receive the fertilizer and lime recommendations from the MU soil testing labs each year. The soill



test database program that we currently use is a clisatlsystem that was written in VB6.
Within the code for this system is where all of our calculations and recommendations are stored.

The main objective of this proposal is to prov
three years. We estated that it will take three years to design a new system, launch the new

system, convert the old data, test the new system, and to support the system in its beginning stages

to work out any issues. However, the project is taking longer than the atgetifgme for

completion. The programmer will ensure that the future recommendation changes to the MU soil

test and fertilizer and lime recommendations can be made in the database. This will allow us to

make the change as soon as it goes into effect akd the recommendations available online to be
accessed by all citizens of Missouiri.

Procedures:

It is estimated that we will need a total of three years to design and launch a new system, convert
the old data, test the new system, and to support thensys its beginning stages to work out any
issues. The new system will have a table in the database for soil calculations, and soll
recommendations, this is critical for future updating of the soil recommendations. The new system
will be a web based sysn that is independent of operating systems, office systems, and web
browsers. Updating the soil test data base programs will include managing lab data with sample
identification, developing soil test based recommendation using current revisions gcsedtiast
reports in user friendly formats, enabling queries of the databases, and generating annual reports.
The MU soil testing labs will fund 0.5 FTE of the position and request the fertilizer and lime
advisory committee to fund the other 0.5 FTEloft pr o gr a mme-wribeshe Bladoib r y t o
test database program. | am currently working with the programmer in updating the soil test
database fertilizer and lime recommendation program with inputs from Dr. John Lory aRtsCO

and members of the MUo8 Fertility Working Group.

Status Report:

A contract has been signed with Center of applied Research and Environmental Systems (CARES),
University of Missouri to develop the wddased data base for soil test and recommendations. Mr.
James Cutts, Comaer Project Manager, CARES has been contracted to develop the database. The
project is taking longer than the estimated time of completion due to the broad needs of the soil test
database program. The progress update on the project provided by the pregraiprovided

below:

Substantial progress on the Soils Lab rewrite has been made over the preceding year. In January of
2013, the rewrite was only the barest skeleton of the main menu. The Data Entry page could only
enter and save data. It could edit the existing data. This and the majority of the data structure

was the extent of the development of the system.

As of December of 2013, the Soils Lab rewrite could successfully collect data for soil samples of
field crops, lawn and garden, and coemial horticultural crops. The results for each sample could

be displayed, edited and saved. The recommendation engine was in place waiting for the definition
of all the various rules. The screens and reports for the accounting system have beeadlaudliop

are waiting for review. The assistance of Dr. John Lory for significantly organizing the progress of
the Soils Lab rewrite needs to be recognized and appreciated.



Database

The database structure is well established, and has had few changegasttyear. The changes to

the database have occurred in the areas of Recommendations Rules, and Accounting. The changes
in Rules and Recommendations to are designed to enhance the support for different types of
samples.

Program

Data Entry page of th8oils Lab rewrite is nearly fully functioning. The data entry page needs

some tweaks to the user interface to improve speed of data entry. There are two additional features
to be added to the data entry page. The direct connection from the data gatry {hee

recommendation display needs to be completed. The other feature is much more complicated and
involved.

The manual Results Entry page is fully functioning allowing the user to display, edit and save the
results of tests. However, no formal r@wihas been done of the results entry page has been
performed. Problems are always found when the page is first put under the stress of use.

The Recommendations system is nearly fully functioning. The recommendation page depends on
the recommendation res to be described before it can generate accurate recommendations. Other
parts of the Soils Lab rewrite associated with recommendations are: Rule Editor, Message Editor,
and Rule Engine

The Recommendation display for Soil Analysis recommendatioreeis bard codédnto the

system. The Soil Analysis recommendation report support standard and infrequent tests. It provides
the results as well as providing the recommendations.

Pending

Work has been started Lab Data Upload for the automated uploauretlats to the Soils Lab
rewrite database. The limited testing has been successful for the limited records that we have
already imported into the database. The Accounting portion of the Soils Lab rewrite has to be
initially sketched, however, no systeticaeview of what is desired and needed has been done.

Due to the broad scopes of the program, the project is behind schedule in getting completed. We
havendét compl eted all parts of the soil testin
yet. Additional funding is crucial to complete the project so that-beded soil testing database and
recommendation program can be implemented. Additional work needs to be done to include the

plant, water, manure, compost and research samples entered étath@se and reports has to be
generated with interpretations and recommendations. Additional support from the Lime and

Fertilizer Grants to complete the project is essential for successful completion of the project and
implementation.




Budget:

Category 2014
Salaries and benefitg
Salaries $35,00
(0.5FTE
Benefits $10,50
Operating
Equipment
Total $45,50




2014

Updating University of Missouri Soil Test Recommendations

Investigators:

John A. Lory Peter Scharf Manjula Nathan
PeterMotavalli Gene Stevens Newell Kitchen
Objective:

Update and revise University of Missouri Soil Test Recommendations and the supporting
publication ASoi l Test I nterpretations and Rec
Progress report:

This goal of the project wase provide supplemental research specialist support to facilitate faculty
working on changes in the University of Missouri soil test recommendations. Table 1 outlines the
current status of the update to our recommendation system.

Table 1. Status of coropents of University of Missouri soil test recommendations update.

Literature | Changes | Changes
Recommendation component review proposed | approved
Review and update crop removal values for all crof Completed| Completed| Completed
Review and update forageogr selections Completed| Completed
Review and update forage crop recommendations | Completed| Completed
include new crop selections
New buildup equations for P and K Completed| Completed| Completed
Review and update magnesium recommendations| Completed| Completed
Review and update lime recommendations Completed| Completed
Review and update critical soil test P levels Completed
Review and update critical soil test K levels
Review and update row crop N recommendations

Work continues on this pject.

1 In 2014 a research fellow using funding from another source worked with John Lory to
complete a comprehensive literature revaviMidwest research correlating soil test levels to
crop response to applied phosphorus.

1 Inlate 2013 and early 2014k Lory gave presentations at various Missouri workshops
including the Missouri Crop Management Conference detailing possible changes in MU soil test
phosphorus recommendations.

1 Peter Scharf has been developing a proposal to have lower critical valaesp®on fields
with site-specific management strategies such as grid soil sampling, yield monitors and variable
rate fertilizer applications.

1 In 2014, Peter Scharf, John Lory and Brent Myers obtained support-farrarstrip trials to
assess phosphortssponse on farmer fields. John Lory, Brent Myers, Peter Scharf, Kent
Shannon and Wayne Flanary will initiate a new Missouri gtap program that will help
farmers to test and gain confidence in MU nitrogen and phosphorus recommendations.



Changes tthe fertilizer recommendation system are meaningless unless they can be implemented
in the software used to support the MU Soil Testing Laboratory. There isguiranproject to
implement new software to support the lab. That software was desigmsaite that new
recommendations could easily be implemented without the need of a computer programmer. That
project has had real issues delaying completion. Manjula Nathan, and in 2014, John Lory have
worked extensively with computer programmers to cotepleis project. Successful completion of

the lab software update will provide much more incentive to complete recommendation changes. It
will also provide more time to focus on recommendation changes instead of focusing on lab
software updates for kegdulty in the process.

Budget:
We retain $7,399.75 (~30% of the funding) in the project account in anticipation of support needed
when we work to finalize proposed changes.



Final Report
2013

Fertilizing Summer-Annual Grasses for Forage Production
Investigator: Robert L. Kallenbach

Objectives and relevance of projectSummerannual grasses are becoming more popular each
year, especially forage varieties of crabgrass and dwarf, browsilmsdrghum sudangrass. These
grasses provide highuality foragefor summer grazing and/or stored forage. However, we have
almostno information about how to fertilize these grasses for optimum economic production. This
is especially true for nitrogen fertilizer. Although these grasses represent a great opportunity for
forage/livestock producers at present, there is little data for solid agronomic recommendations.

Theoverall objectiveis to develop researdimsed recommendations that help industry personnel
and farmers properly fertilize summer annual grasses. Spebitctives are:

Objective 1:Determine the optimum economic N rates for crabgrass, dwarf brownb(BMR)
sorghumsudangraskybrids, nordwarf sorghumsudangraskybrids and pearl millet.

Objective 2:Determine if split application of nitrogen féizers provides a significant advantage
compared to larger single applications

Objective 3:Determine the influence of N application rates on nitrate accumulation and/or prussic
acid concentrations in forage.

Procedures:

TreatmentsThis experiment &s32 treatmentsfour forage entries and eigNRtratesx timing

applications. The four forage entries are “BiQuick' crabgrass, dwarf BMR sorghum X

sudangrass, BMR sorghusudangrass and pearl millet. The eight nitrogen treatments are described
in thetable below.

Table 1.Nitrogen rates and application timings tested on summer annual forages.

Treatment Annual N rate No. of Applications Notes

Ib/acre #
1 300 3 1/3 late May, 1/3 late June, 1/3 late Jul
2 300 2 1/2 in late May, 1/2 late June
3 150 3 1/3 late May, 1/3 late June, 1/3 late Jul
4 150 1 Applied in late May
5 100 2 1/2 in late May, 1/2 late June
6 100 1 Applied in late May
7 50 1 Applied in late May
8 0 - Control

Cultural practices Stands of each annual forage were establishedrly May at the Southwest
Center, near Mt. Vernon, MO and at the Forage Systems Researchr@anteinneus, MOBoth



sites were planted using a Truaxtiibdrill. The seeding rates (PLS) for each species asre

follows; crabgrass 4 Ib/acre, sotgh-sudangrass 40 Ib/acre, and pearl millet 30 Ib/acre.

Design Each treatment was replicated three times in a randomized complete block design4in a split
block arrangement. Forage entries were main plots and nitrogen treatmeplstsub

Measurements

Forage yield and growth rateSrowth rate of forage was measured weekly using a rising plate

meter for crabgrass and by measuring the natural height with a meter stick for the other forage
species. Mechanical forage harvest for an individual treatmeuntreccwhen forage reached the
following threshholds:18 rising plate meter units for crabgrass, 30 inches for the other species. For
those unfamiliar with rising plate meter measurements, this would equate to approximately 8 inches
in height for crabgras§ubsamples for forage nutritive value, prussic acid, and plant nitrates were
also collected at the time of a mechanical harvest.

Figure 1.(A) Forage being harvested in field plots near Mt. Vernon, MO.

(B) Laboratory assay showing the variation in pruasid toxicity potential of forage harvested

from the plots. The brick red color indicates a large concentration of cyanide gas was released and
forage was toxic.

Results:
2011

At Mt. Vernon, summer precipitation was 59% less than the 30 year averagl11. As a result,
dry matter yields of all 4 species were lower tkapectedTable 2). For instance, the sorghum x
sudangrass hybrids, which commonly yield 4 to 6 tons per acre, produced less than 1 ton per acre.
Additionally, pearl millet, whichs known as a droughtlerant species, was the only species of
forage that showed a response to N applications, but that response was not economical by most
standards. The greatest summer forage produatidt. Vernon occurred whemabgrass was
seeded rad no benefit resulted from N fertilization.

At Linneus, dry matter yields were greater than those at Mt. Vernon (Table 3). Holaekent

late summer precipitation limited yields. The pearl millet did not establish well at this site and is not
includedin the2011data analysid\either ¢abgrassor dwarf sorghursudangrass respondexN
applicationswvhile BMR sorghum x sudangrass did. The data showif@tb/Aof N in a single

early summer applicatiomere more favorable thahe greater rates o60 and 300 Ib/A of NDry

matter yields were often no better if N was spread out over the summer in 2 or 3 applications. This
result was likely influenced by the precipitation shortagat®e summernyve expect the later N
applications to stimulate moreagyvth whensummer precipitatiors more evenly distributed.



