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Abstract

In Indiana, the common practice is for K fertilizer to be applied in advance of the corn crop for
both crops in the rotation, relegating soybean to feed on the application residual. Producers are
concerned that current University guidelines and common practices for K management in corn-
soybean rotations do not fully recognize the particular K needs of the soybean crop as
differentiated from the cormn crop. A four-location, six-year field study was conducted to
investigate the effects of rate and timing of K application on soybean yield and seed K
composition. Among all location-years, soybean yields were largely unresponsive to either rates
or timings of K applications when soil test K levels were near or above current University
guidelines for soil critical levels (evaluation of the accuracy of the critical levels is on-going).
Likewise, analysis of K concentration and removal in soybean seed found few significant
treatment effects. A lack of strong response of seed K concentrations to K rate without an
accompanying yield response suggests that, unlike other plant tissues, seeds do not luxury-
accumulate K. If seed K concentration is a trait that is largely conserved once soil K levels are
sufficient to optimize yields, it calls into question whether or not there is a K management
objective for oil that is independent of the management objective for yield.

Introduction

In recent years, the soybean crop in the corn-soybean rotation has increased in relative economic
importance. In Indiana, the common practice is for K to be applied in advance of the corn crop
for both crops in the rotation, relegating soybean to feed on the residual of the fertilizer
application. When compared to a corn crop, soybean requires more K per unit product (Vitosh et
al., 1996), has a less dense root system (Barber, 1995) especially in surface soils where soil test
K levels are greatest, and accumulates K later in the growing season when soils tend to be dry,
and rainfall scarce and intermittent. Producers are concerned that current University guidelines
and common practices for K management in corn-soybean rotations do not fully recognize the
particular K needs of the soybean crop as differentiated from the corn crop. Interest in K fertility
management explicitly tailored to soybean has also increased in response to reports suggesting
that soybean value-added traits such as grain composition may be linked to plant K status. Our
primary objective was to determine whether soybean yields would be boosted on low and
medium testing soils by applying K directly to the soybean crop. A related objective was to
determine whether soybean seed K concentration could be increased with a primary- versus
residual-feeder fertilization strategy.
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Approach

A six-year experiment was conducted at four locations in Indiana. The locations were the Davis,
Northeast, Southeast and Throckmorton Purdue Agricultural Centers (DPAC, NePAC, SePAC,
and TPAC, respectively). The sites were selected to be representative of major agronomic soils
of Indiana. The individual fields at each PAC were selected by the farm manager based on
previous soil testing records that had identified these fields as being low in K fertility. The
locations, tillage methods and soils are described in Table 1. At each location, adjacent fields
were planted to corn or soybean in 1997 with the crops rotated annually between the two fields
in every subsequent year.

The experimental design was a split block with timing of application as the block level treatment
within a crop field. Timing of K application was either annual (preplant every year) or biennial
(preplant in odd years only). Application rate treatments were randomized within the timing
treatments. The annual application rates were 0, 30, 60, 120, and 180 lbs. KO per acre while
biennial application rates were 0, 60, 120, 180, and 360 Ibs. K;O per acre. The cumulative
amounts of K added are shown in Table 2. Each timing and rate treatment was replicated three
or four (SePAC only) times. Individual plots measured 30 x 100 feet.

Soils were sampled (0-8 inches) in each treatment plot prior to starting the experiment in March
of 1997. Samples were then collected in-season every year just prior to the period of rapid crop
K uptake (V6 in corn and R1 in soybean). Soils were also sampled after harvest in the fall of
even years. All soil samples were analyzed for ammonium acetate extractable K content. Yields
were harvested from the 5 x 30 foot (soybean) or 15 x 85 foot (corn) centers of each plot. A
subsample of grain was ground and analyzed for nutrient content.

In order to directly evaluate the effects of both rate and timing of application on soybean yield
and seed K composition, analysis of variance was applied to data from the even years (1998,
2000, and 2002) of the experiment. With respect to the cumulative amount of fertilizer applied,
annual treatments of 30, 60, and 180 Ibs. K,O are equivalent to the biennial treatments of 60,
180, and 360 lbs. KO per acre, respectively, in the even years. Two types of statistical tests
were used on results from each year and location. The Least Significant Difference (LSD) test
was used to determine differences between one specific treatment and all other treatments, while
a Contrasts test was used to specifically test whether or not an individual treatment or group of
treatments was different from another individual treatment or group of treatments.

Finally, in order to evaluate the relationships between yield, K uptake in grain and K uptake
during crop growth and development, a supplemental experiment was conducted in 2003 and
2004 at TPAC. During these years no additional K was added but nine areas of the field were
identified for season long observations. Of these nine areas, three had low in-season soil test K
(55 to 73 ppm K at 0-8 in), three had medium soil test K (80 to 120 ppm K at 0-8 in), and three
had high soil test K (165 to 200 ppm K at 0-8 in). Whole plant samples were collected in each
observation area at VE, V6/R1, R2/R3, R4/RS, and R6 growth stages. Plants were partitioned
into leaves, stems, pods and seed, and each component was analyzed for weight and K content.
At maturity, yields were harvested as described above and a grain subsample was analyzed for K
content.
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Results

According to the common Indiana-Ohio-Michigan K recommendations, a soil is expected to be
responsive to fertilizer K when soils are below a critical level (CL) that is linked to the soil
cation exchange capacity (Vitosh et al., 1996). The CLs for DPAC, NePAC, SePAC, and TPAC
are 106, 96, 88, and 105 ppm, respectively, measured in the top 8 inches of the soil profile (Table
3). Analysis of the in-season soil samples collected in 1998 from the control plots showed that
field-average K levels were at or below the CL at DPAC, NePAC and SePAC but well above the
CL at TPAC. However, soil test K levels varied substantially among the individual replicates of
the control. At DPAC and NePAC, minimum soil test K levels ranged from 20 ppm K below the
CL to 20 ppm (NePAC) or 100 ppm (DPAC) above the CL. At TPAC, soil test K levels
observed in the controls ranged from the CL to 100 ppm above the CL. Only at SePAC were K
levels observed in all control treatments well below the CL. By 2002, mean soil test K levels
were at or below the CL at all locations, but, at all locations except SePAC, individual control
plots that tested well above the CL could still be found.

Analysis of soybean yields found very few significant treatment effects (Table 4). The LSD test
found significant effects of treatments only at SEPAC and only in the last year of the study. This
is particularly remarkable as the low soil test levels indicate that this location should have been
highly responsive to K addition in the first year of the study. However, it should be noted that
the Avonberg soil at SePAC has long been identified by Indiana farmers as a soil for which the
current guidelines for responsiveness to fertilizer K seem incorrect.

The contrast analysis tests were specifically designed to evaluate timing of application by
comparing all annual rates to all biennial rates (annual 30, 60, 180 to biennial 60, 120, 360), the
two highest annual results to the two highest biennial results (annual 60, 180 to biennial 120,
360), and the highest annual rate to the highest biennial rates (annual 180 to biennial 360) (Table
4). This analysis found occasional but small and inconsistent effects of timing of K application
on yield. For example, at DPAC in 2002, annual applications resulted in higher yields when
compared to biennial applications, but, at TPAC in 1998, biennial applications outperformed
annual applications. It should also be noted that, in both of these cases, comparison of all rates
to the controls indicated that the sites were not responsive to K. Overall. there appeared to be no
practical difference in yield for annual versus biennial K applications.

Likewise, analysis of K concentration and removal in soybean seed found few significant
treatment effects. Contrast analysis found seed K concentrations were responsive to K rate at
DPAC in 2000 and at SePAC in 2002 (Table 5). Seed K concentrations were only responsive to
timing of K applications at DPAC in 2000 (annual > biennial). Contrast analysis found seed K
removal responsive to K rate at SePAC (2000 and 2002) and to timing at DPAC (2002) (Table
6). As with the yield results, the significant effect of K application timing at DPAC in 2002
occurred without a significant effect of rate, and, thus, the result appears to have little practical
meaning,.

The lack of strong response of seed K concentrations to K fertilizer treatments without an

accompanying yield response suggests that, unlike other plant tissues, seeds do not luxury-
accumulate K. Analysis of K uptake throughout crop growth further supports this concept. At
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TPAC in 2003 and 2004, soybean yields were not significantly different on medium when
compared to high testing soils and seed K concentrations were virtually identical (data not
shown); consequently, seed K removal was statistically the same for medium and high testing
soils (Fig. 1). However, analysis of K accumulation in aboveground dry matter throughout the
growing season found greater total K uptake in high when compared to medium testing soils
(Fig. 2).

Summary

In rain-fed production systems with conservation tillage and broadcast K management, soybean
yields were largely unresponsive to either rates or timings of K applications when soil test K
levels were near current University guidelines for soil CLs. In most location-years, soil test K
levels in control plots were highly variable and regions of fields that were substantially below
expected CLs could be identified; a statistical approach other than the analysis of variance
presented here will be required to use this data to evaluate whether or not current CL guidelines
are accurate. This analysis is currently in process.

In this study, seed K concentrations were also not strongly impacted by treatments. Several
recent studies have focused on the linkages between K management, K seed content and seed
quality attributes (Gaydou and Arrivets, 1983; Sale and Campbell, 1986; Vyn et al., 2002; Yin
and Vyn, 2003). These studies have observed a positive relationship between seed K
concentration and oil concentration. However, if seed K concentration is a trait that is largely
conserved once soil K levels are sufficient to optimize yields, it calls into question whether or
not there is a K management objective for oil that is independent of the management objective
for yield.
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Table 1. Site information for the K timing and rate experiment.

Site IN Location Tillage Soil Type CEC
DPAC East Central Chisel Blount-Pewamo 12.4
NePAC North East No-Till Glynwood 8.4
SePAC South Central ~ No-Till Avonberg 5.2
TPAC West Central No-Till Toronto-Millbrook 12.0

Table 2. Annual, biennial and cumulative amounts of K fertilizer added to specific timing
and rate treatments. Equivalent rates for the timing treatments are shown in bold face.

Cumulative K Added
Trt. Code Timing Rate 1997 1998 1999 2000 2001 2002
Lbs. K0 per acre
Annual 0 Annual 0 0 0 0 0 0 0
Annual 30 30 30 60 90 120 150 180
Annual 60 60 60 120 180 240 300 360
Annual 120 120 120 240 360 480 500 620
Annual 180 180 180 360 540 720 900 1080
Biennial 0 Biennial 0 0 0 0 0 0 0
Biennial 60 60 60 60 120 120 180 180
Biennial 120 120 120 120 240 240 360 360
Biennial 180 180 180 180 360 360 540 540
Biennial 360 360 360 360 720 720 1080 1080

Table 3. Expected soil critical levels and measured ammonium acetate-extractable K
levels (mean, standard deviation, minimum, and maximum values) in control plots at
each location in 1998 and 2002.

Soil Test K in 1998 Soil Test K in 2002
Site Crtical Mean Std. Min. Max. Mean Std. Min. Max.
Level Dev. Dev.
ppm K
DPAC 106 113 60 73 228 103 62 64 226
NePAC 96 90 18 70 119 96 41 55 168
SePAC 88 60 8 49 68 36 5 29 43
TPAC 105 153 42 109 210 113 30 88 151
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