High Oil Corn Yield and Quality Responses
to Fertilizer Potassium versus
Exchangeable Potassium on Variable Soils
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igh oil corn production (Topcross®
Hpollination system) is currently rec-
ommended only for productive soil
types under conventional tillage. The rea-

sons include concerns for achieving desired
plant populations (of both the male-sterile
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sumably those with phosphorus (P) and K
concentrations above the critical level for
yellow dent corn, little information is avail-
able on whether K fertilizer requirements for
HOC are any different from those with dent
corn. Potassium availability to HOC may be

female and male pollinator
plants), minimizing stress to
the grain pollinator, and
achieving consistency in
grain yields and oil concen-
tration. There is little infor-
mation available on HOC
response to fertilizer K, and
whether oil concentrations

Potassium (K) is important in
the production of high oil
corn (HOC) because of its
benefit to yield and overall
role in improvement of HOC
grain quality parameters as
soil exchangeable K (SEK)
levels increase.

important since K is so
essential in the plant en-
zymes responsible for oil
synthesis in plants, and
because grain oil concen-
trations in HOC are approx-
imately double those in
normal dent corn.

In addition, the justifi-

are at all affected by K fer-

tilizer rate or placement.
Aside from a general recommendation

to plant HOC on productive soils, and pre-

cation for the conventional
tillage recommendation for HOC is vague.
More variability in stand establishment
and productivity is presumed, especially on
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Figure 1. Order 1 soil survey of the experimental field in 2000 (east block) and 2001 (west block).
Soil exchangeable K status is indicated in colored circles for samples taken at a depth of
2 to 6 in. during spring of the respective year.
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variable soils, when HOC is planted with
residue-conserving tillage systems. The
basis for the conventional tillage recommen-
dation has not been experimentally verified.

Another common concern in HOC pro-
duction is the within-field consistency of oil
concentrations in the grain. Fields with uni-
form soil types have been generally consid-
ered desirable for HOC, even though no real
reason to exclude HOC production from
fields with more variable soil types has been
demonstrated. Certain tillage and K fertility
management systems might affect the con-
sistency of oil concentrations on fields with
variable soils.

Experiments were conducted in 2000
and 2001 to evaluate the response of HOC to
conservation tillage systems and associated

K fertilizer placements on soils varying in
texture, drainage, and SEK. The field site
was located at the Davis-Purdue Agricul-
tural Center (PAC) in east-central Indiana.
This site was selected because of its soil
variability, because no-till corn is not a com-
mon practice on these poorly drained soils,
and because of availability of appropriate
site-specific technologies.

Three tillage (main) treatments were
evaluated: fall chisel with spring cultivation
(CT), fall strip tillage at 8 in. depth (ST), and
no-tillage (NT) following no-till soybeans in
rotation. Three K (sub-block) treatments
were also evaluated within each main tillage
treatment: fall application of 90 1b K,0/A
via broadcast or deep-banded (Fall K), fall
application with an additional 50 1b K,0/A

exchangeable K in 2000 and 2001.

TABLE 1. Ear-leaf K concentrations as affected by tillage, K fertilizer, soil series, and soil

2000
.................. S0l SEIES -+-evevereereres ... Soil exch. K at 2 to 6 in., ppm -+
Treatment Mean Blount Condit Pewamo <90 90-125 >125
.................... EarleafK, % ---..-.
No-till 1.82 1.74 1.85 1.90 1.72 1.84 1.91
Chisel 1.85 171 1.91 1.96 1.65 1.91 1.94
Strip-till 1.82 1.74 1.83 1.91 1.71 1.84 1.94
No K 172 b 1.62 1.77 1.79 1.52 1.80 1.86
Fall K 1.86 a 1.77 1.89 1.93 1.74 1.91 1.93
F&S 191 a 1.86 1.92 2.04 1.82 1.89 1.99
"Mean 183 1758 186 A 1920 169C 1868 193 A
2001
.................. Soil series B0O00000000006 © ...... Soil exch. K at2to 6 in_' ppm -eeeeee
Treatment Mean Blount Condit Pewamo <90 90-125 >125
.................... EarleafK, % --.....
No-till 133 b 1.16 1.44 1.36 1.10 1.44 1.46
Chisel 147 a 1.34 1.55 1.49 1.35 1.48 1.59
Strip-till 141 a 1.25 1.48 1.57 1.29 1.54 1.55
No K 1.29 b 1.14 1.35 1.44 1.12 1.40 1.46
Fall K 1.44 ab 1.24 1.52 1.56 126 1.46 1.63
F&S 148 a 1.38 1.59 1.4 136 1.61 1.52
Mean 1.40 1.25B 149 A 147 A 1.25B 149 A 1.53A

Data followed by the same letter, or no letter, within a row or column are not significantly different according to
a protected LSD p=0.05 or a t test (GLM model) at t,;; = 0.05. Letters distinguishing differences among individ-
ual tillage and K treatment means within a column are italicized. Overall mean differences within a row are
shown in upper case. No K = no K, Fall K = fall applied K, F&S = fall and spring applied K.

Better Crops/Vol. 86 (2002, No. 4)

17



spring banded (F&S), and no K (No K). High
oil corn followed no-till soybeans in both
2000 and 2001, and the fields had been in
conservation tillage systems for at least five
years previously. Response of HOC in the 24
sampling positions (six replications and four
sampling positions per plot) associated with
each tillage and fertility treatment combina-
tion was evaluated in three manners: a)
mean response, b) after partitioning sam-
pling positions into three soil series (Blount,
Condit, Pewamo), and ¢) after partitioning
sampling positions into three ranges of SEK
concentrations...<90, 90-125, >125 parts
per million (ppm)...present in the depth
interval of 2 to 6 in. See Figure 1.

An Order 1 soil survey was completed
for the experimental site in the fall of 2001.
The Order 1 survey has a representative
accuracy of 3 to 15 ft. Its differentiation of
soil series may be even more useful in out-
lining the boundaries of management zones
than earlier soil surveys. For example, the
Order 2 soil survey for this county was pub-
lished in the mid 1970s mainly for utiliza-
tion in soil conservation decisions and had
an accuracy varying from approximately 100
to 150 ft. Theoretically, the Order 1 soil sur-
vey should be more precise in evaluating
responses in crop yield and quality in large
plots on variable soils, but this has not been
widely evaluated.

Pioneer high oil hybrid 34B25 was
planted on May 12, 2000 and May 1, 2001
at populations of 31,000 seeds/A. Nitrogen
(N) and P starter fertilizer was applied to all
plots at a rate of 38 1b N/A and 25 b P,O5/A
as all, or part of, a liquid blend. In treat-
ments with spring applied K, an additional
50 Ib K,O/A was applied in the starter.
Application of 190 1b N/A as anhydrous
ammonia was sidedressed at the V4 to V6
corn growth stage in both years.

Soil K stratification was observed in the
plot area across all tillage and broadcast
treatments. Figure 2 shows the mean soil K
concentrations (ammonium acetate extrac-
tion) for the combined year data. In 2000 the
concentrations at the 0 to 2 in. depth aver-
aged 228 ppm, while in 2001 the O to 2 in.
concentration average was 179 ppm. Soil
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exchangeable K concentrations averaged
107 ppm in the 2 to 6 in. depth and 96 ppm
at the 6 to 12 in. depth for both years.

Grain yield was obtained from the com-
bine’s yield monitor. Grain quality (oil and
protein) was determined from HOC grab
samples pulled from each harvest area.
Grain kernel concentrations were obtained
through near infrared analysis. Each com
sampling position was assigned to a soil
series using ArcView Geographic Informa-
tion Systems (GIS) software.

Results

Ear-leaf K concentrations responded
positively to K fertilizer in both years (Table
1). We observed no differences among
tillage systems in 2000, but in 2001 ear-leaf
K values were lower in the NT treatment
when compared with CT and ST. Corn leaf K
responses to tillage and K fertilizer treat-
ments were consistent across the three soil
groups and SEK ranges.

Ear-leaf K concentration was signifi-
cantly affected by both soil series and inher-
ent SEK in both years. It is interesting to
note that the lower topographical soils
(Condit and Pewamo) had the higher ear-leaf
K concentrations, while the Blount soil on
the higher elevations had significantly lower
concentrations. This may be due to the
inherently higher SEK concentration and
higher available soil moisture on the Condit
and Pewamo soils. Consistently higher ear-
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Figure 2. Combined year soil exchangeable K
concentration from different depth
intervals.
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leaf K was observed when soil K was high.
As anticipated, considerable spatial vari-
ability of leaf K response to K fertilizer
resulted from the initial soil characteristics.

Tillage systems did not affect grain
yields in either year, but higher K fertilizer
rates increased yields in both years (Table
2). A particularly large yield advantage
occurred with starter K band application in
2000. Soil series did not significantly affect
yields in either year; however, lowest yields
in both years were evident on the Blount soil.
Highest yields occurred with both fall-
applied and starter-banded K in both years.
This positive response is an indication of the
possible importance of K in the starter or,
alternatively, a possible response associated
with higher overall K fertilizer rates.

In 2000, all HOC yields with the high-
est SEK category (>125 ppm K) were lower
than expected because of poor corn stands.
Excessive rain after emergence thinned
plant populations more in this category than
those with lower SEK. In fact, average final
populations per acre were 25,000 with SEK
<90 and 23,000 with SEK from 90 to 125,
but only 21,600 at the highest SEK. Plant
populations in 2001 were higher and more
consistent, and the proportion of male polli-
nators (always above 8%) was not affected
by tillage or K treatments in either year.
Despite the population challenges in 2000,
HOC yield response to the fall plus starter K
treatment was not affected by the inherent
SEK category in either year.

It is encouraging for soil conservation-

TABLE 2. Grain yield as affected by tillage, K fertilizer, soil series, and soil exchangeable K in
2000 and 2001.
2000
.................. S0l SEIES -+veverereereres ... Soil exch. K at 2 to 6 in., ppm -+
Treatment Mean Blount Condit Pewamo <90 90-125 >125
..................................................... Grain yield, BUJA  coeeeiiiiiiiiie e
No-till 126 120 130 140 129 122 b 132
Chisel 134 138 133 125 135 AB 148a A 124 B
Strip-till 135 134 133 142 135 137 a 133
No K 127 b 123 127 133 19 136 130
Fall K 129 b 132 128 123 137 127 123
F&S 140 a 137 140 123 142 144 136
nl.\)l.é.an 132 13.(.)... 13.2.... 136 ......... O S o
2001
.................. Soil series 0000000000030 6 ...... Soil exch. K at2to 6 in" ppm oo
Treatment Mean Blount Condit Pewamo <90 90-125 >125
..................................................... Grain yield, Bu/A oo
No-till 178 178 179 175 180 177 178
Chisel 178 173 179 182 172 179 183
Strip-till 181 178 184 176 180 182 182
No K 174 b 17 176 175 173 173 171
Fall K 179 ab 178 180 179 178 179 182
F&S 183 a 180 185 178 182 185 183
Mean 179 176 180 177 177 179 181
Data followed by the same letter, or no letter, within a row or within a column are not significantly different
according to a protected LSD p=0.05 or a t test (GLM model) at t.;; = 0.05. Letters distinguishing differences
among means within columns are italicized. Mean differences within a row are shown in upper case. No K =
no K, Fall K = fall applied K, F&S = fall and spring applied K. Populations with >125 ppm in 2000 were 8, 18, and
15% lower for No K, Fall K, and F&S, respectively, relative to <90 ppm.
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ists to note that both NT and ST resulted in
HOC yields similar to those with CT. The
latter confirms the possible successful adop-
tion of conservation tillage (even on more
challenging poorly drained soils), just as is
currently possible in regular yellow dent pro-
duction when planting dates are not delayed.

Overall, oil concentrations averaged
7.15% in 2000 and 8.18% in 2001. Year to

year variation in oil concentration of HOC is

a relatively common occurrence; lower oil
concentrations are sometimes attributed to
late planting and poor growing conditions in
certain years. These annual variations were
bigger than those resulting from tillage and
K fertility management factors within a year.

Oil concentrations were significantly
lower in NT versus CT and ST in 2000
(Table 3). Tillage treatments did not signif-
icantly affect oil contents in 2001, but did

TABLE 3. Grain oil concentrations as affected by tillage, K fertilizer, soil series, and soil
exchangeable K (2 to 6 in. depth) in 2000 and 2001.

2000

.................. Soil series 0000000000000 0 ...... Soil exch. K at2to 6 in_' ppm -eeee
Treatment Mean Blount Condit Pewamo <90 90-125 >125

. 0il LT 11| P
No-till 7.04 b 7.00 1.07 1.7 6.99 7.04 7.14
Chisel 124 a 7.19 129 1.28 7.8 1.24 131
Strip-till 117a 7.09 1.23 7.20 i 113 7.07 1.27
No K 7.2 7.05 7.16 mm 7.04 7.8 1.22
Fall K 7.15 7.08 1.21 7.30 7.08 7.04 129
F&S 7.18 7.4 1.23 1.24 7.18 7.13 121

Mean 715 ..... 7098 ; ZOA ; ZZA ..... S SR ik ao00

2001

.................. Soil series 0000000000000 6 «....- Soil exch. K at2to 6 in" ppm oo
Treatment Mean Blount Condit Pewamo <90 90-125 >125

- Oil concentration, %o ««««.---seeeeereeermmniieinniieine e
NT No K 8.17 ab 8.25 8.08 8.51 8.06 8.10 8.34
Fall K 8.13b 8.09 8.06 8.25 i 805 8.08 8.12
F&S 823a 8.09 8.32 8.32 8.08 8.26 8.38
Mean 8.16 8.14 8.15 8.36 © 806 8.15 8.30
CT NoK 8.16 8.00 8.18 8.39 8.10 8.15 8.34
Fall K 8.16 7.94 8.14 8.45 i 805 8.08 8.30
F&S 8.12 7.96 8.1 8.33 8.10 7.86 8.28
Mean 8.15 1.97 8.14 8.39 8.05 8.03 8.31
ST No K 8.21 ab 8.07 8.22 8.49 8.06 8.29 8.44
Fall K 831a 8.19 8.30 8.65 8.25 8.31 8.48
F&S 8.14 b 8.03 8.17 8.32 i 812 8.07 8.30
Mean 8.22 8.10 8.23 8.49 8.14 8.22 8.41

Grand mean  8.18 8.07C 8.17B 8.42A 8.09B 8.13B 8.34 A

Data followed by the same letter, or no letter, within a row or within a column are not significantly different

according to a protected LSD p=0.05 or a t test (LM model) at t.;; = 0.05. Letters distinguishing differences
among tillage and K treatment means within a column are italicized. Overall mean differences resulting from
soil series and SEK are shown as upper case. No K = no K, Fall K =fall applied K, F&S = fall and spring applied K.
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have a significant interaction with K fertiliz-
er treatments because lower oil concentra-
tions occurred with fall K in NT treatments,
compared to CT and ST treatments. Potas-
sium fertilizer applications did not signifi-
cantly increase kernel oil concentrations in
either year. Oil concentration responses to
tillage and K treatments, although relatively
small, were not influenced by the inherent
soil series or the initial SEK status of the soil
at the sampling positions.

Soil series significantly affected grain
oil concentrations in both years. The
Pewamo was observed to have the highest
concentration in 2001, and both the Pewamo
and Condit soils resulted in somewhat
higher oil than the Blount soil in 2000. The
effects of soil series are largely associated
with differences in SEK in these soil series
(data not shown).

Grain oil concentrations responded
more to initial SEK than K fertilizer treat-
ments (annual additions of K). Consistent
increases of oil were observed with increas-
ing SEK in both years in nearly all treat-
ments; oil concentrations were significantly
higher in both years with >125 ppm SEK
than with the lower SEK concentrations.
More research is needed to confirm our find-
ings that oil concentrations can be increased
in HOC through maintaining SEK at higher
levels.

Conclusions

Analysis of site-specific data within and
among replicated plots indicated that HOC
response to tillage and K fertilizer treat-
ments was not affected by either soil series
or the SEK status of the individual sampling
positions. Both soil series and the initial
SEK status below the 2 in. depth had more
influence than either tillage or K fertilizer
treatments on both ear-leaf K and oil con-
centrations. However, grain yield in HOC
was more dependent on K fertilizer treat-
ments than on inherent soil characteristics.

Both soil series and SEK concentrations
accounted for most of the within-field vari-
ability in HOC performance. Higher SEK
concentrations were consistently associated
with increased concentrations of ear-leaf K
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High oil corn receiving fall K plus starter K (at left)
showed a height advantage and higher yields
compared to the zero K plot (right) at Davis-PAC.

and grain oil, as well as higher concentra-
tions of grain protein and grain K (data not
shown).

Potassium management is important in
the production of HOC, both for its initial
benefit to yield and its overall role in main-
taining SEK concentrations high enough to
obtain maximum possible oil concentrations.
The consistency of HOC response to tillage
and fertility treatments across variable soil
series and SEK levels suggests that conser-
vation tillage systems are feasible in HOC
production, and that decisions about short-
term and long-term K fertilizer management
are more important in obtaining optimum
yields and quality of HOC than decisions
about tillage.
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