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Abstract

Corn (Zea mays L.) and soybean (Glycine max (L.) Merr.) production in claypan soils in the north central U.S.
may be constrained by the presence of acidic subsoils. Subsoil acidity can inhibit root growth leading to
decreased drought tolerance and grain yields. In conservation tillage systems, management options to incorporate
gypsum applications may be limited; thereby reducing available practices to lower subsoil acidity. The objective
of this study was to determine the effects of surface placement of gypsum compared to a new practice for deep
vertical placement of gypsum on corn and soybean plant growth and yields in a conservation tillage system.
Field trials were conducted from 2012 to 2016 in northeast Missouri (USA) with treatments of gypsum (0, 2.9,
and 5.2 Mg ha™) broadcast on the soil surface or applied in a deep vertical band to a depth of 51 cm. Surface and
deep banding of gypsum had inconsistent effects on corn and soybean plant heights, plant population and yields.
However, deep banding of gypsum resulted in a 6.4 to 9.8% decrease in corn yields and a 9.9 to 13.0% decrease
in soybean yields depending on the time after application. These results indicate that further research is
warranted in conservation tillage systems in claypan soils to examine modification to the deep vertical placement
practice or combining applications of surface-applied gypsum and deep placement of lime in order to develop a
practice that will be more effective in overcoming subsoil acidity.
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1. Introduction

Soil acidity is a major constraint to increased global agricultural productivity and this acidity is projected to
increase in developing nations where atmospheric sulfur emissions have risen rapidly (Sumner et al., 1986;
Tupper et al., 1987; Mclay et al., 1994; Farina et al., 2000a, 2000b; Kuylenstierna et al., 2001; Godsey et al.,
2007). In addition, soils under intense cropping systems may have substantial increases in subsoil acidity with
depth (Abruiia et al., 1964; Adeoye & Singh, 1984).

In areas with low levels of soil calcium (Ca) and elevated exchangeable aluminum (AI") resulting from acidic
soil conditions, treatments of gypsum (CaSQ,) or gypsum byproducts, such as flue gas desulfurization gypsum,
have shown to be effective in ameliorating these limitations to crop growth and development (Sumner et al.,
1986; Farina et al., 2000a, 2000b; Wang & Yang, 2018). Use of gypsum instead of lime for acidity amelioration
in no-till or conservation systems has an advantage because gypsum can be surface-applied and leach into the
subsoil whereas a surface lime application has limited effect on the subsoil (Caires et al., 2011). Solubility of
gypsum is roughly 200 times greater than the calcium carbonate found in limestone allowing surface applications
to affect subsoil properties (Rengel, 2003). Overall advantages of gypsum application in agricultural fields
include prevention and correction of sodicity, greater stability of soil organic matter, more stable soil aggregates,
improved water penetration into soil, increased levels of soil Ca and S for plant use, and more rapid seed
emergence (Wallace, 1994; Watts & Dick, 2014).

Decreases in atmospheric S deposition and increases in cropping intensity with little S fertilizer inputs in some
regions of the world has resulted in an increased incidence of plant S deficiency (Chen & Dick, 2011). Response
to gypsum applications as a source of S has been widely reported for several crops (Seim et al., 1969; O’Leary &
Rehm, 1990; Chen et al., 2005).
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Increased crop yield responses to gypsum have also been credited for a reduction of soluble Al and additions of

Ca to the soil after gypsum was applied. Although gypsum has little to no effect on soil acidity, gypsum
applications greatly reduce Al™ toxicities in the soil (Mclay et al., 1994). The precise mechanism behind the
immobilization of A" is not well understood, but it is suggested to occur through various complex reactions
(Mclay et al., 1994). For example, the sulfate in gypsum may react with AI” to form aluminum hydroxyl sulfate
minerals that precipitate out of the soil solution (Nordstrom, 1982). Others propose that decreases in Al:Ca ratios
from additions of calcium from gypsum resulted in higher calcium-aluminum complexes causing a reduction of
A1 in the soil solution (Ritchey et al., 1980).

Regardless of the pathway for Al reduction caused by gypsum application, it is essential that surface
amendments leach downward into the subsoil for subsoil amelioration to occur (Mclay et al., 1994). In a study
by Toma et al. (1999), the long term beneficial effects of incorporated and surface-applied gypsum on
ferruginous and aluminous soils under corn and alfalfa management continued to occur 16 years after application.
Furthermore, corn grain yields increased 29 to 50% over the period of 16 years after treatment.

Successful improvements to soil fertility from gypsum amendments on highly weathered tropical soils are not
often observed on less weathered, but equally acidic soils (Sumner, 1995; Farina et al., 2000a, 2000b). Greater
soil fertility and lower levels of active Al” found in less weathered soils resulted in little to no beneficial effects
from gypsum treatments. Soil orders, such as Alfisols, Oxisols, and Ultisols, are often characterized by a
stratification of increasing soil acidity with depth in the soil profile resulting in low and sometimes unsustainable
crop yields (Farina et al., 2000a, 2000b; Sumner & Yamada 2002; Rengel, 2003). In a literature review, Watts
and Dick (2014) indicated that gypsum applications are generally most beneficial for agriculture in sodic soils,
clayey soils with poor drainage, soils containing acidic subsoils, and soils where there is deficient Ca and S.

In order to effectively reduce subsoil acidity under no-till and conservation tillage practices, lime amendments
may be directly applied to the subsoil. However, gypsum applications have often been surface-applied or
shallowly incorporated because of the potential of this product to leach into the subsoil (Farina & Channon,
1988). There has been little research investigating the effects of new practices for gypsum placement on yield
response of corn and soybean under a conservation tillage system in less weathered, but equally acidic soils. A
related study using the same deep vertical placement practice utilized in this research, but for deep lime
placement, indicated that this practice raised corn yields by as much as 1.3 Mg ha™ in low rainfall years and was
less effective in soybean production and in higher rainfall years (Blumenschein et al., 2018). The objective of
this research was to evaluate the impacts of gypsum placement, including use of a new deep placement practice,
at differing rates on corn and soybean plant growth and grain yields in a conservation tillage system situated in
poorly drained claypan soils that exhibit subsoil acidity.

2. Method
2.1 Site Description and Experimental Design

Three field trials were established on poorly drained claypan soils from 2012 to 2014 at the Greenley Memorial
Research Center (40°02' N, 92°20" W) near Novelty, Missouri (USA). Claypan soils are characterized by an
argillic horizon with a content of 40 to 50% smectitic clays situated between 10 to 80 cm below the soil surface
(Udawatta et al., 2004). They often exhibit a sudden stratification in soil pH with an optimal surface horizon and
acidic subsoil from 20 to 50 cm with pH values categorized as acidic ranging from 3.6 to 4.5 for the Putnam,
Kilwinning, Mexico and Armstrong soil series (Ferguson, 1995).

Field Trials #1 and #3 were established in the spring of 2012 and the fall of 2013 on a Putnam silt loam (fine,
smectitic, mesic Vertic Albaqualfs). Field Trial #2 was established in the fall of 2012 on a Kilwinning silt loam
(fine, smectitic, mesic, Vertic Epiaqualfs). Prior to the study, experimental sites were under continuous no-till
production for over 13 years. Sites with acidic surface and subsoil horizons were utilized for this experiment.
Initial soil characteristics were taken at the establishment of each trial and are presented in Table 1.

A randomized complete block design was used for the three field trials with 12 treatments replicated four times.
Plot sizes were 4.6 x 24.4 m for trials 1 and 3, and 4.6 x 22.9 m for trial #2. A factorial arrangement of
treatments included two crops (corn and soybean), two placement methods (surface and deep banding), and rates
of gypsum (0, 2.9, and 5.2 Mg ha™). The crops evaluated in this experiment were corn and soybean planted in
rotation for subsequent years. Methods of placement included a surface broadcasted or a deep banding
incorporation of pelletized gypsum at four depths (0-13, 13-25, 25-38 and 38-51 cm) simultaneously. Depths
were selected to be similar to past literature (Tupper et al., 1987; Farina et al., 2000a, 2000b). For mechanical
application purposes, pelletized gypsum was used instead of traditional powder amendments.
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Deep banding was accomplished using a conservation subsoiler (Case IH Ecolo-Til® 2500, Goodfield, IL) with a
custom built shank attachment designed to deliver gypsum at desired depths (Figure 1). Gypsum application
rates were selected based on the average subsoil recommendation (5.2 Mg ha™") and the average top 15 cm of soil
recommendation (2.9 Mg ha™'). The gypsum source was comprised of pelletized gypsum (Kelly’s Gypsum,
Kirksville, MO) derived from mined gypsum containing 76.0% calcium sulfate dihydrate (CaSO,-2H,0).

Gypsum treatments were applied using a commercial Montag dry fertilizer air delivery system (Emmetsburg, 1A).
Conservation zone tillage knives were spaced 76 cm apart, congruent with standard corn row spacing. Greater
soil disturbance from vertical gypsum placement was observed compared to normal conservation vertical tillage.
Surface tillage with a Tilloll 875 (Landoll Corp., Marysville, KS) followed deep vertical placement treatments to
smooth the soil surface prior to planting; however, no additional tillage was performed the following years after
application of treatments. Uniform broadcast surface applications were achieved by running a conservation tiller
with custom shank above the soil surface to insure application consistency. Strips of corn or soybean were
randomly assigned at trial establishment and rotated in subsequent years. Each crop strip (main plot) was
randomly divided into two additional strips (sub-plot) of surface-applied and deep vertical placed gypsum. Deep
vertical placement and surface applied strips were then divided into plots of varying rates of gypsum
(sub-sub-plots), resulting in a split-split randomized complete block design.

Table 1. Initial average soil characteristics (+ standard deviation) at different depths for the Trial #1, #2 and #3
established in 2012, 2013, and 2014, respectively

. o Soil depth
Soil characteristics
0-13 cm 13-25 cm 25-38 cm 38-51 cm
Trial #1
pH; (0.01 M CaCly) 5.6+0.2 5.6+0.4 4.6+0.2 4.6+0.2
Neutralizable acidity (cmol, kg™ 3.5+2 2.9+1 8.5+1.6 6.8+1.0
Organic matter (g kg™ 27£3 23+1 23+3 2242
Bray 1P (kg ha™) 17.449.8 5.0+1.4 3.9+1.9 14.6+4.5
Ca (kg ha™) 4,427+347 5,200+661 5,257+706 4,988+673
Mg (kg ha™') 494498 689+189 981 £138 996+158
K (kg ha™) 178+12 173428 226432 231+16
CEC (cmol, kg™ 15.442.3 17.343.2 242432 22.0+£2.3
CThal#2
pH; (0.01 M CaCly) 5.0+0.1 5.0+0.5 4.9+0.7 4.9+0.8
Neutralizable acidity (cmol, kg™) 5.1+0.5 4.9£1.9 6.9+4.0 6.8+3.8
Organic matter (g kg™ 30+6 19+4 18+3 14+4
Bray 1P (kg ha™") 127.2+46.2 19.1£10.7 11.5+4.0 30.8+19.4
Ca (kg ha™) 2,841+312 3,263+690 4,138+1,828 4,144+1,678
Mg (kg ha™") 307491 415+192 7394452 848+420
K (kgha™) 594240 159+47 179+77 233485
CEC (cmol, kg™ 13.3£1.4 13.9+3.3 19.1+6.4 19.4+4.8
CTdal#3
pH;(0.01 M CaCl,) 6.1£0.1 6.2+0.1 5.0+£0.2 4.6+0.1
Neutralizable acidity (cmol, kg™) 1.840.5 1.9+0.3 7.1£1.9 12.3+1.9
Organic matter (g kg™ 23+5 21£2 23+4 27+3
Bray 1P (kg ha™") 10.4+4.7 5.642.2 2.0+0.6 1.1£0
Ca (kg ha™) 3,954+957 3,646+289 4,497+434 5,223+384
Mg (kg ha') 398+158 377£58 749+142 1226+80
K (kg ha™) 154+30 136+12 220+36 349+28
CEC (cmol, kg™ 12.24£3.2 11.6+0.8 20.2+3.2 28.9+2.7




jas.ccsenet.org Journal of Agricultural Science Vol. 10, No. 11;2018

Conservation Subsoiler
(Case IH 2500 ecolo-till)

/c/

Custom Built
Attachment

Soil Surface

Figure 1. Custom built shank attachment schematics showing the depths at which gypsum was placed in the soil
in relation to the soil surface (Blumenschein et al., 2018)

Treatment abbreviations used in the following text and on all figures and tables for gypsum treatments are as
follows:

CTRL: No application of gypsum/no tillage;

S-LO: Surface application of gypsum at 2.9 Mg ha and no-tillage;
S-HI: Surface application of gypsum at 5.2 Mg ha™ and no-tillage;
D-NO: Deep vertical tillage with no application of gypsum;

D-LO: Deep vertical gypsum placement at 2.9 Mg ha™;

D-HI: Deep vertical gypsum placement at 5.2 Mg ha™.

2.2 Management

In the spring of 2012, gypsum treatments were applied to Trial #1 followed by planting of corn and soybean. In
the fall of 2012, gypsum treatments were applied to Trial #2 with planting of corn and soybean the following
spring of 2013 for Trials #1 and #2. In the fall of 2013, gypsum treatments for Trial #3 were applied with corn
and soybean being planted the following spring of 2014 for Trials #1, #2 and #3. Corn was planted in each trial
in 76 cm wide rows at 72,140 seeds ha. All corn trials from 2012 to 2016 received recommended N fertilizer
rates for corn production in Missouri at 135 to 235 kg N ha as either broadcast urea or polymer-coated urea
(ESN, Agrium, Loveland, CO), or injected anhydrous ammonia (Buchholz et al., 1983). For soybean trials, the
row spacing was 19 to 38 cm and seeding rate was 440,000 seeds ha”. Additional fertilizer was added in the
form of 20-80-140-20-2 kg ha™ N-P-K-S-Zn (MicroEssentials SZ, Mosaic, Plymouth, MN) or 15-73-129 kg ha™
N-P-K as monoammonium phosphate to corn and soybean trials when required based on soil test results. All
plots were maintained weed-free using burndown, preemergence, and postemergence herbicides.

2.3 Soil Sampling and Analysis

Initial soil samples were taken at the establishment of each trial using a Giddings hydraulic probe (Giddings
Machine Company, Windsor, CO) prior to P and K fertilizer and treatment applications and were separated into
depths of 0-13, 13-28, 25-38, and 38-51 cm. Samples were analyzed by the University of Missouri Soil and Plant
Testing Laboratory using standard methods (Nathan et al., 2006).

2.4 Plant Measurements

Plant heights were recorded between September and October of each year after corn plants had reached the VT
growth stage. Plant populations were calculated based on middle row stand counts for corn and a middle of plot
stand count for a 1.2 m length of row for soybean. The center two rows of corn plots were harvested using a plot
combine (Wintersteiger Delta, Salt Lake City, UT) and grain yields were adjusted to 150 g kg moisture. For
plots planted to soybean, the center 1.5 m of the soybean plot was harvested using a plot combine (Wintersteiger
Delta, Salt Lake City, UT) and yields adjusted to 130 g kg™ moisture. Yield percent differences were calculated
by comparing the means of treatment plots within each replication of a trial with the non-treated control means
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of the same replications within the trial. Percent differences from control plots were grouped into years after
application and averaged for each treatment.

2.5 Statistical Analysis

Data were analyzed using analysis of variance (ANOVA) and comparisons among treatment means were made
using Fisher’s protected least significant difference (LSD) at P < 0.10. Statistical procedures were carried out
with SAS statistical software (SAS Institute Inc., 2013).

3. Results
3.1 Climatic and Environmental Conditions

Climatic conditions at the field sites varied among growing seasons. Rainfall over the growing seasons (Figure
2) for 2012, 2013 and 2016 were 275, 26 and 188 mm below the 10-year average of 699 mm, respectively.
Although 2013 rainfall over the growing season was only slightly below average, the majority of the
precipitation occurred over the course of a few events and an extended dry period persisted from early July to
September. Rainfall for 2014 and 2015 was 48 and 212 mm above the 10-year average, respectively. These
seasonal differences in rainfall may account for some of the observed differences in grain yields for both corn
and soybean over the cropping years.

3.2 Crop Response
3.2.1 Corn

Corn plant heights for all the gypsum treatments in Trials #1, #2 and #3 from 2012 to 2014 are reported in Table
2. There were significant differences in corn plant heights among treatments in 2012 and 2014 for Trial #1. No
significant treatment differences compared to the control were observed in 2012, 2013 and 2014 for Trial #1. In
2014, no significant differences between treatments were observed for both Trials #2 and #3.

Corn plant populations for gypsum treatments are reported in Table 3. Plant populations were decreased by the
deep vertical placement of gypsum at 2.9 Mg ha™' by 11,300 plants ha” in 2012 for Trial #1. No significant
differences in plant population were observed among treatments in 2013 and 2014 for Trial #1. During the 2015
growing season, surface applied gypsum at 2.9 Mg ha" decreased plant populations by 3,400 plants ha™', where
as in 2016, deep vertically placed gypsum at 2.9 and 5.2 Mg ha™' decreased plant populations 8,000 and 11,800,
respectively. No significant differences in plant populations were observed between the gypsum treatments and
the control plots for Trial #2 from 2012 to 2016. Trial #3 had no significant differences among treatments in
2014 and 2016. However, deep gypsum placement at 5.2 Mg ha™ reduced plant populations 3,800 plants ha™
compared to the non-treated control in 2015.

Differences in corn grain yields between treatments for all three field trials are presented in Figures 3 to 6. In the
first and second year of Trial #1, corn grain yields were not affected by deep vertically placed gypsum compared
to the control (Figure 3). By the third year, deep vertical placed gypsum at 5.2 Mg ha” had a 1.1 Mg ha™
reduction in corn yields in Trial #1 compared to the control. In 2015, no treatments resulted in significant
differences in grain yields compared to control plots for Trial #1. Five years after treatment in Trial #1, deep
vertically placed gypsum at 2.9 and 5.2 Mg ha™ had corn yields that were 1.4 and 1.1 Mg ha™ less than the
control, respectively.
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Figure 2. Cumulative precipitation during the 2012 to 2016 growing seasons and the 10 (2002 to 2011) year
average (699 mm) at the Greenley Memorial Research Center near Novelty, Missouri

Table 2. VT (Abendroth et al. 2011) stage or later corn plant heights of gypsum treatments for all field trials from

2012 to 2014
Trial # Treatment Cropping season
2012 2013 2014
cm
CTRL'" 164 202 224
S-LO 158 208 232
. S-HI 163 208 227
% D-NO 171 204 238
= D-LO 170 201 248
D-HI 167 202 181
LSDpoie o T N o
"""""""" CTRL T e T e
S-LO 260 271
o S-HI 233 267
= D-NO 248 274
= D-LO 242 273
D-HI 244 269
LSDpeoie - T 4 T Ns
"""""""" CTRL T I s
S-LO 255
o S-HI 238
= D-NO 253
= D-LO 262
D-HI 259
LSDpworoy A T Ns T

Note. T NS denotes no significance difference at P < 0.10; "Field site was not established and no data were
collected; """ Abbreviations: CTRL, Control; S-LO, Surface 2.9 Mg ha'; S-HI, Surface 5.2 Mg ha™".

D-NO, Deep tillage no lime; D-LO, Deep placement 2.9 Mg ha™'; D-HI, Deep placement 5.2 Mg ha™.
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Table 3. Corn plant populations of gypsum treatments for all trials from 2012 to 2016

Cropping season

Trial # Treatment
2012 2013 2014 2015 2016
No. ha!
CTRL'" 74,400 66,000 70,200 62,800 74,000
S-LO 76,900 72,300 66,800 59,900 77,300
= S-HI 76,900 70,100 69,800 61,100 72,000
= D-NO 64,400 66,400 67,600 61,600 67,600
= D-LO 63,100 66,000 67,600 61,600 66,000
D-HI 70,100 68,300 67,100 62,300 62,200
LSDpeoyoy 9,300 Nst NS 2,100 7,400
"""""""" CTRL T 66600 65500 62100 66,100
S-LO - 67,800 69,400 64,900 68,700
o S-HI - 67,800 68,300 64,600 70,800
= D-NO 65,900 62,400 61,300 68,300
= D-LO — 64,900 66,400 63,300 67,800
D-HI — 66,500 62,400 61,800 68,900
LSDpeoroy -~ NS 6,000 NS NS
"""""""" CTIRL - - 6l400 75900 74500
S-LO - — 50,100 75,300 73,000
- S-HI - - 57,100 73,000 66,500
% D-NO 62,200 74,200 77,000
= D-LO 61,000 73,900 74,900
D-HI — — 61,800 72,100 77,000
LSDpaorey -~ NS 3500 8300

Note. T NS denotes no significance difference at P < 0.10; "'Field site was not established and no data were
collected; "' Abbreviations: CTRL, Control; S-LO, Surface 2.9 Mg ha''; S-HI, Surface 5.2 Mg ha''.

D-NO, Deep tillage no lime; D-LO, Deep placement 2.9 Mg ha™'; D-HI, Deep placement 5.2 Mg ha™.
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Figure 3. Trial #1 corn grain yields (Mg ha™) for gypsum treatments from 2012 to 2016. LSDg.10) is the least
significant difference at P < 0.10. (Abbreviations: CTRL, Control; S-LO, Surface 2.9 Mg ha’'; S-HI, Surface 5.2
Mg ha'; D-NO, Deep tillage no lime; D-LO, Deep placement 2.9 Mg ha™'; D-HI, Deep placement 5.2 Mg ha™)
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Figure 4. Trial #2 corn grain yields (Mg ha™) for gypsum treatments from 2013 to 2016. LSDg.19) is the least
significant difference at P < 0.10. (Abbreviations: CTRL, Control; S-LO, Surface 2.9 Mg ha''; S-HI, Surface 5.2
Mg ha™'; D-NO, Deep tillage no lime; D-LO, Deep placement 2.9 Mg ha™'; D-HI, Deep placement 5.2 Mg ha™)
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Figure 5. Trial #3 corn grain yields (Mg ha™) for gypsum treatments from 2013 to 2016. LSD(g ) is the least
significant difference at P < 0.10. (Abbreviations: CTRL, Control; S-LO, Surface 2.9 Mg ha'; S-HI, Surface 5.2
Mg ha'; D-NO, Deep tillage no lime; D-LO, Deep placement 2.9 Mg ha™'; D-HI, Deep placement 5.2 Mg ha™)
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Figure 6. Corn grain yield difference from control plots (%) of gypsum treatments for all trials 1 to 4 years after
treatments. LSD g 1) is the least significant difference at P < 0.10. (Abbreviations: S-LO, Surface 2.9 Mg ha'l;
S-HI, Surface 5.2 Mg ha™'; D-NO, Deep tillage no lime; D-LO, Deep placement 2.9 Mg ha™'; D-HI, Deep
placement 5.2 Mg ha™)
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No significant differences in corn grain yields from gypsum treatments compared to the control plots were
observed for most of the experimental years of Trial #2 (Figure 4). In 2014, surface applied of gypsum at 5.2 Mg
ha' reduced corn yield by 1.8 Mg ha™' compared to the control treatment in Trial #3 (Figure 5). Two years after
application, deep vertical placed gypsum at 5.2 Mg ha™' reduced corn yields by 2.4 Mg ha™' compared to the
control treatment in Trial #3. In the third experimental year, corn yields were reduced by 0.9 Mg ha™ from
gypsum surface applied at 5.2 Mg ha™ compared to the control treatment in Trial #3.

To better assess the residual effects of gypsum on corn grain yields, differences from control plots were
combined and averaged for all three trials (Figure 6). During the first year following application, deep vertical
placement had no significant effects on grain yield. Two years after application, only deep vertical placement at
5.2 Mg ha'' significantly decreased yields by 9.9%. Grain yields were similar to control plots three years after
application. However, four years after surface applications of gypsum at 2.9 Mg ha™ had a 13% increase in corn
grain yields.

3.2.2 Soybean

Soybean plant heights were recorded in August to September each year and are reported in Table 4. Surface
applied gypsum at 2.9 Mg ha™ increased soybean plant height 3 cm for Trial #1 compared to the non-treated
control in 2012. However, no gypsum treatments significantly increased soybean height compared to the control
from 2013 to 2015. In Trial #2, an 11 cm increase in plant height from a surface application of gypsum at 2.9 Mg
ha™' was observed compared to the control in 2013. This same trial had 8 and 10 cm shorter plants from a deep
vertical placement of gypsum at 2.9 and 5.2 Mg ha™', respectively, compared to the control. The only significant
decrease in plant height compared to the control for Trial #3 was observed in 2015, where surface applications
and deep vertical placement of gypsum at 2.9 Mg ha™ were 15 and 14 cm, respectively, shorter than the control.

Trial #1 had no significant differences in soybean plant populations among treatments for all years from 2012 to
2015, but surface application of gypsum at 2.9 Mg ha™ increased plant populations by 269,100 plants ha” in
2016 (Table 5). Trial #2 had a significant decrease in plant population of 37,700 and 32,300 plants ha™ for deep
vertical placement treatments of 2.9 and 5.2 Mg ha™, respectively, in 2014. However, surface and deep vertical
placement treatments of 5.2 Mg ha™ had 53,800 and 64,500 plants ha”, respectively, greater soybean plant
populations in 2015. For Trial #3, deep vertically placed gypsum at 5.2 Mg ha™' had lower plant populations
(43,100 plants ha™) compared to the control in 2014, while a surface application at 2.9 Mg ha™' had a plant
population that was 32,300 plants ha™' less than the control in 2016.

Soybean yields varied greatly between crop years depending on seasonal precipitation (Figure 2). Yields from
gypsum treatments for soybean are presented in Figures 7 to 10. For the first year of Trial #1, deep vertical
placement of gypsum at 5.2 Mg ha™ had yields that were 0.3 Mg ha™' lower than the control (Figure 7). However,
no significant effects from gypsum treatments were observed in the second, third, or fourth year after application
compared to control plots. In 2016 (five years after application), all gypsum treatments had soybean yields that
were less than the non-treated control.

For Trial #2, gypsum had no effect on soybean yields the first season after treatment (Figure 8). By the second
year after treatment, deep vertical placed gypsum at 2.9 and 5.2 Mg ha™ for Trial #2 had grain yields that were
0.7 Mg ha™ less than the control (Figure 8). However, no difference among gypsum treatments were observed in
the following two years of treatment (2015 and 2016) for Trial #2. Gypsum treatments on Trial #3 had no effects
on yield compared to the control for all three experimental years following establishment (Figure 9).

Percent differences from control plots were combined over years after application for all field trials to evaluate
the residual effects of gypsum treatments (Figure 10). In the first year of application, deep vertical placement at
5.2 Mg ha™ had soybean yields that were 9.8% less than the control. In the second year after application, deep
vertically placed gypsum at 2.9 and 5.2 Mg ha' had yields that were 6.4 to 6.5% less than the control. No
significant differences among treatments were observed the third year after application; however, deep vertical
placement decreased soybean yields up to 18.5%.

4. Discussion

Surface applying and deep banding gypsum to poorly-drained claypan soils in a conservation tillage system in
Northeast Missouri did not consistently increase corn and soybean yields. This lack of response is contrary to
some research that has found positive yield responses to applied gypsum or gypsum industrial byproducts (e.g.,
Chun et al., 2001; Chen et al., 2005,), but others have found no or inconsistent increases in agronomic yields
(DeSutter et al., 2014; Kost et al., 2014). Lack of response to gypsum was most likely caused by the low levels
of AI"”® in the surface soil and the limited effect of gypsum in altering the soil pH;. This was supported by Farina
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and Channon (1988) which concluded that gypsum applications are only effective when Al" exceeds Ca in the
soil. Excessive salinity caused by banding a high rate of gypsum-related byproducts, such as flue gas
desulfurization gypsum, may also reduce plant growth especially under poor drainage conditions when the salts
are not leached out of the rooting zone (Wang & Yang, 2018). Banding gypsum may further increase salinity in
the zone where the gypsum was placed.

Past increases in crop yield reported by Farina et al. (2000a) from deep placement of gypsum on acidic soils
were not observed in this study. This may in part be due to the initially high soil test Ca levels and greater overall
soil fertility found in these claypan soils (Table 1) along with smaller levels of Al" in the soil solution. Caires et
al. (2011) found no significant increases in soybean yields following gypsum amendments 0 to 10 years after
application. Moreover, previous research indicated that soybean production was strongly affected by the gypsum
content in soil and yields can be significantly reduced when high levels of gypsum are present (Mardoud, 1980).
In addition, past research by Tupper et al. (1987) suggests that deep tillage of soils with dense subsoils can result
in greater exposure to subsoil acidity if the acidity is not corrected. The deep tillage effects along with lack of
changes to pH and possible adverse effects from gypsum related to increased salinity may have resulted in yield
reductions in four of the 12 crop years.

Table 4. Late season soybean plant heights of gypsum treatments for all field trials from 2012 to 2015

Cropping season

Trial # Treatment
2012 2013 2014 2015
cm
CTRL' 53 70 99 83
S-LO 56 67 100 87
_ S-HI 55 67 102 83
% D-NO 55 68 98 79
= D-LO 55 69 107 83
D-HI 54 66 98 77
LSDposoy 3 Nst 8 °o
”””””””” CTRL s 99 a1
S-LO 86 98 53
o S-HI 77 93 58
= D-NO 72 91 57
= D-LO 75 91 53
D-HI 73 89 61
LSDgeroy - _ o 8 g
”””””””” CTRL - e s
S-LO 107 69
o S-HI 100 75
= D-NO 100 72
= D-LO 100 70
D-HI 91 74
LSDposoy - _ e o

D-NO, Deep tillage no lime; D-LO, Deep placement 2.9 Mg ha™'; D-HI, Deep placement 5.2 Mg ha™.
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Table 5. Soybean plant population of gypsum treatments for all trials from 2012 to 2016

Cropping season

Trial # Treatment
2012 2013 2014 2015 2016
No ha’!
CTRL'T 462,300 376,700 226,000 269,100 592,000
S-LO 538,200 376,700 247,600 258,300 861,100
- S-HI 549,000 333,700 269,100 301,400 635,100
= D-NO 484,400 355,200 236,800 269,100 742,700
= D-LO 538,200 344,400 236,800 247,600 753,500
D-HI 441,300 387,500 269,100 279,900 678,100
LSDp<o.10) Nst NS NS NS 225,400
""""""" CTRL 452100 215300 193,800 656,600
S-LO 419,800 209,900 215,300 559,700
o S-HI 387,500 204,500 247,600 710,400
= D-NO 344,400 188,400 215,300 688,900
= D-LO 452,100 177,600 226,000 742,700
D-HI 387,500 183,000 258,300 678,100
LSD p<0.10) 90,400 30,600 44,000 NS
""""""" CTRL - 269100 290,600 839,600
S-LO 258,300 258,300 861,100
- S-HI 247,600 226,000 807,300
% D-NO 247,600 279,900 882,600
= D-LO 236,800 269,100 839,600
D-HI 226,000 279,900 904,200
LSDp<o.10) 39,300 58,700 NS

Note. T NS denotes no significance difference at P < 0.10; "Field site was not established and no data were
collected; "' Abbreviations: CTRL, Control; S-LO, Surface 2.9 Mg ha''; S-HI, Surface 5.2 Mg ha'.

D-NO, Deep tillage no lime; D-LO, Deep placement 2.9 Mg ha™'; D-HI, Deep placement 5.2 Mg ha™.
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Figure 7. Trial #1 soybean yields (Mg ha™) for gypsum treatments from 2012 to 2016. LSDyq 10, is the least
significant difference at P < 0.10. (Abbreviations: CTRL, Control; S-LO, Surface 2.9 Mg ha'; S-HI, Surface 5.2
Mg ha'; D-NO, Deep tillage no lime; D-LO, Deep placement 2.9 Mg ha™'; D-HI, Deep placement 5.2 Mg ha™)
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Figure 8. Trial #2 soybean yields (Mg ha™") for gypsum treatments from 2013 to 2016. LSD.19) is the least
significant difference at P < 0.10. (Abbreviations: CTRL, Control; S-LO, Surface 2.9 Mg ha''; S-HI, Surface 5.2
Mg ha™'; D-NO, Deep tillage no lime; D-LO, Deep placement 2.9 Mg ha™'; D-HI, Deep placement 5.2 Mg ha™)
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Figure 9. Trial #3 soybean yields (Mg ha™) for gypsum treatments from 2014 to 2016. LSDyq 10, is the least
significant difference at P < 0.10. (Abbreviations: CTRL, Control; S-LO, Surface 2.9 Mg ha'; S-HI, Surface 5.2
Mg ha'; D-NO, Deep tillage no lime; D-LO, Deep placement 2.9 Mg ha™'; D-HI, Deep placement 5.2 Mg ha™)
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Figure 10. Soybean yield difference from control plots (%) for all trials 1 to 4 years after gypsum treatments.
LSD.19) is the least significant difference at P < 0.10. (Abbreviations: S-LO, Surface 2.9 Mg ha'l; S-HI, Surface
5.2 Mg ha™; D-NO, Deep tillage no lime; D-LO, Deep placement 2.9 Mg ha™; D-HI, Deep placement 5.2 Mgha™)
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5. Conclusions

Previous research on surface or incorporated gypsum applications has indicated possible benefits of this
application method to ameliorate subsoil acidity issues and increase crop production, especially in
highly-weathered soils. However, less research has established the efficacy of this placement method in
less-weathered soils, especially when the gypsum was deep vertically banded. This research suggests that deep
vertical placement application of gypsum to claypan soils under a conservation tillage system does not increase
corn or soybean yields, but may actually reduce crop yields when this material is placed in a deep band at the
rates evaluated in this experiment.

The effects of gypsum applications on soil acidity and crop production may also require several years to fully
assess. Continued long-term analysis of field sites could obtain a better understanding of the effects of treatments
and how they interact with climate and different depths to the more acidic claypan that occurs across these
landscapes.

Alterations in the design of the custom built shank for deep banded placement may be needed to incorporate the
gypsum into a larger soil volume in the subsoil to possibly avoid reductions in yields caused by the high
concentration of gypsum in the band. However, these alterations may require greater energy to pull the shank
through the soil and the initial results reported in this research indicate that deep banding gypsum may not be
effective in increasing crop production for these soils. A possible combination of simultaneous surface gypsum
and deep agricultural lime banding could be explored to assess its effectiveness since there was a small and
inconsistent improvement in plant growth with the surface gypsum application, especially in the soybean crop.
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