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ABSTRACT

Growers working with manured soils often rely on soil test information when developing nutrient management for their crop,
especially when manure application information is unavailable. Nutrient-enriched soils, like manured soils, can trigger nutrient
deficiencies and toxicities due to plant-soil nutrient interactions. The goal of the study was to determine correlations between
soil test and plant tissue nutrient concentrations for irrigated corn silage crops (Zea mays L. subsp. mays) with varying nutrient
concentrations unique to dairy manure-enriched calcareous soils. Whole plant and soil samples were collected from 39 cooperator
corn silage fields at harvest over a 2-yr period throughout the Snake River Plain region of southern Idaho. Soils were sampled to
a depth of 30.5 cm and analyzed for plant available forms of P, K, Ca, Mg, Na, S, Zn, Fe, Mn, Cu, and B; whole plant tops were
analyzed for total N, P, K, Ca, Mg, Na, S, Zn, Fe, Mn, and Cu. Significant positive correlations were detected between soil test Kand
tissue K (Spearman’s rho correlation coefficient = 0.63), soil test K and tissue N (rho = 0.59), and soil test B and tissue N (tho = 0.53).
A significant negative correlation was detected between soil test Fe and tissue Mn (tho = -0.59). Controlled studies are needed to

corroborate the relationships observed in this survey study.

A major concern of intensive dairy manure applica-
tions to agricultural fields is the accumulation of nutrients and
their impact on crop growth. For example, accumulations of P
on fields receiving N-based applications of cattle (Bos taurus)
manure are common (Eghball, 2002). A major concern with
nutrient accumulations on heavily manured soils is the potential
for nutrient imbalances triggered by nutrient interactions both
in the soil and in the plant.

Many growers who field-apply cattle manure are concerned
about Zn deficiencies caused by high levels of P. Phosphorus and
Zn interactions have been extensively documented in relation
to chemical sources of P. For example, Safaya (1976) showed
that Zn tissue concentrations and Zn flux in corn decreased as
plant-available P (i.e., Olsen P) increased from 4 to 37 mg kg
Similarly, Adriano et al. (1971) found that growth was retarded
more by Zn deficiency than any other deficiency in corn plants
receiving high applications of P fertilizers. Similar P-Zn
relationships have been found in other crops, including potato
(Solanum tuberosum L.) (Christensen and Jackson, 1981) and
wheat (Triticum aestivum L.) (Singh ct al., 1986).

In contrast, P=Zn interactions have not been as apparent in
relation to manure sources of P. In fact, many researchers have
documented increased Zn tissue concentration and Zn uptake
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in relation to manure applications (Leytem et al., 2011; Pagliari
ctal,, 2009; Raj and Gupta, 1986; Wong et al., 1999). Increased
Zn has been attributed to (i) manures containing significant
amounts of Zn and (ii) organic acids from manures that may
serve as Zn-chelating agents for the plant (Stevenson and
Ardkani, 1972; Garcia-Mina et al., 2004).

While not as well documented, another rising issue is the
potential for reduced Mn uptake on manure-treated soils.
Warman and Cooper (2000) reported lower Mn forage tissue
concentrations in compost treatments than fertilizer treatments.
Leytem et al. (2011) also documented decreased Mn uptake for
corn grown on manure and compost-treated soils in comparison
to P fertilizer. Leytem et al. (2011) suggested that the decrease
in Mn tissue concentration may have been attributed to Mn
complexation by organic acids in the manure.

Another issue of concern in relation to manure applications
and nutrient antagonism is the potential for cation competition,
or ion antagonism, between K, Mg, and Ca cations in the soil.
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As there are a limited number of ion carrier sites on root plasma
membranes, ions with similar diameters and ion strength can
outcompete each other for space on these sites (Marschner,
2011). Potassium is known to be a strong competitor against
Mg, Ca, and Na, and can restrict uptake of these nutrients when
in abundant supply (Mengel, 2007). In addition to P, dairy
manures also contain high quantities of K, which is a common
dairy feed additive. In relation to fertilizer sources, excessive
quantities of K has decreased Ca and Mg tissue concentrations
in forage sorghum [Sorghum bicolor (L.) Moench] (Reneau et
al., 1983) and in corn (Claassen and Wilcox, 1974), decreased
Mg tissue concentrations in sorghum (Ologunde and Sorensen,
1982), and triggered Mg deficiencies in orange trees (Citrus spp.)
(McColloch et al., 1957). Parsons et al. (2007) found significant
reductions in Ca uptake by wheat receiving manure applications
in comparison to fertilizer or an unamended control. The
authors noted that Ca uptake may have been hindered by
competition with K. Leytem et al. (2011) also found reduced Ca
uptake in corn with increasing dairy manure application rates.
In addition to cation competition, the authors suggested that
the reduction in Ca uptake on manure-treated soils may also be
related to the formation of Ca-phosphate precipitates.

Excess K application may also increase the potential for luxury
K consumption by plants. When K supply is abundant, luxury
K consumption is known to be an issue in many crop plants
(Marschner, 2011). Unfortunately, dairy cows that consume forage
tissue with K concentrations of 1.5% or greater are at risk of milk
fever (Penn State University Extension, 2013), explaining why
many animal producers are concerned with luxury consumption of
K by forage crops. As described above, K is known to accumulate
in manure-treated soils, and could therefore be a potential issue for
growers who use their crop as an animal feed.

In Idaho, producers and growers often do not know
the specific manure application history of a field in terms
of application rates, timings of applications, number of
applications, moisture content of manure, nutrient content
of manure, etc. Regardless, growers are still very concerned
about how the effects of these higher-nutrient fields impact
their crops. Growers working with fields with a history of
manure application depend on soil test results to predict both
plant nutrient availability, as well as the potential for negative
nutrient interactions described above.

The goal of this project was to determine soil and corn silage
plant tissue nutrient interactions specific to southern Idaho
soils in high nutrient status manured soils, based on soil test
and tissue nutrient concentrations. To examine this question,
soils and plant tissue collected from cooperator corn silage
fields with reported dairy manure application histories were
analyzed for most agronomic plant nutrients. Interactions
between increasing soil test and tissue nutrient concentrations
in silage corn were evaluated.

MATERIALS AND METHOD

Experimental Design and Sampling
As described in Hines et al. (2012), soil samples, whole
plant tissues, and yields were collected from 18 southern Idaho
irrigated silage corn fields in 2008 and 21 fields in 2009, for
a total of 39 fields sampled over the 2-yr period. Fields were
selected to represent predominant corn-growing areas in

southern Idaho. The fields, all located within the Snake River
Plain region of southern Idaho, ranged from approximately
716 to 1437 m in elevation. We sampled two fields in Canyon
County, five fields in Cassia County, four fields in Franklin
County, seven fields in Gooding County, seven fields in Jerome
County, six fields in Lincoln County, and eight fields in Twin
Falls County. Fields sampled in 2008 were not resampled in
2009. Among the 39 fields sampled, 5 had loam textured soils, 3
had loamy sand textured soils, 3 had sandy loam textured soils,
1 had asilt textured soil, and 18 had silt loam textured soils.
Analyses were not conducted to accommodate for soil type, as
groupings based on soil properties (silt content, clay content,

or organic matter content, for example) did not contain a wide
enough spread of soil nutrient levels for detecting plant—soil
nutrient interactions.

Fields were selected to provide wide-ranging soil test P levels,
based on information provided by growers and dairymen about
manure application histories. As there were no fields with
Olsen P concentrations between 100 and 200 mg kg_1 in 2008,
fields with reported histories of more intensive dairy manure
applications were targeted in 2009 to fill in this gap, allowing
for improved analysis of nutrient interactions. Five of the 39
fields did not have a history of manure applications, allowing the
inclusion of lower soil nutrient levels in comparison to higher
nutrient levels commonly found in manured soils.

Soil samples, whole plants, and yield data were collected
within a week of harvest. For consistency, fields were sampled
once the kernels had reached the one-half to two-thirds milk line
stage (approximately 65% whole plant moisture), which is the
optimal dryness for southern Idaho silage storage systems. Each
field was sampled at three random sampling areas throughout
the field. Each sampling area was 3.05 m in length and two
corn rows in width (corn row widths were recorded, and varied
in width between 55.9 and 76.2 ¢m). Soils were sampled by
compositing 10 soil cores at a depth of 0 to 30.5 cm at each
transect. Three individual corn stalks were sampled from each
transect at a height of 10.2 cm above the ground. Soil and
tissue sampling area values for each field were averaged for data
analysis. Silage yield, P uptake, and other agronomic findings
are published in Hines et al. (2012). Yields were comparable to
typical yields for corn silage grown in this region.

Soil Analysis

Soil samples were air-dried at 21°C for 7 d. The air-dried soil
samples were further dried at 105°C for 4 h in a force draft oven.
Soil samples were then ground using a Dynacrush grinder to pass
through a no. 10 mesh screen (2.0 mm) and weighed for analysis.
For analysis of K, Mg, and Ca, 3.0 g of soil were shaken with
12 mL of 1.0 M ammonium acetate for 15 min at 160 orbits per
minute (OPM). Acetate extracts were analyzed for K, Mg, and
Ca content using inductively coupled plasma—optical emission
spectrometry (ICP-OES model 4300DV, PerkinElmer,
Waltham, MA; Ellis and Brown, 1998). For analysis of Zn,

Mn, Cu, and Fe, 3.0 g of soil were shaken with 12 mL of 0.005
M DTPA for 15 min at 160 OPM. The DTPA extracts were
analyzed for Zn, Mn, Cu, and Fe content using ICP-OES (Ellis
and Brown, 1998). For analysis of S, 3.0 g of soil was shaken with
12 mL of monocalcium phosphate extract (500 mgkg™! P) for
15 min at 160 OPM. Extracts were analyzed for S content using
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Table I. Characterization of available nutrients in soil samples collected at harvest from 39 cooperator irrigated corn silage fields throughout the

Snake River Plain region of southern Idaho in 2008 and 2009.

Soil parameter Mean Lower and upper confidence Minimum and maximum
(0—25 cm) (n=139) SE interval (95%) observed values
P.mg kg 782 8.9) 60.1 96.2 8.3 2583
K, mg kg™! 512 (49) 412 611 143 1262
Mg, mg kg™! 391 (17) 356 425 154 594
Ca, mg kg™! 2727 (141) 244| 3013 997 4175
S, mg kg™ 217 (1.7) 18.2 25.1 4.3 56.3
Zn, mg kg™ 3.46 0.27) 292 4.00 0.80 747
Mn, mg kg™ 7.46 (0.40) 6.65 8.26 337 16.70
Cu, mg kg™! 3.98 (0.63) 2.69 5.27 0.80 19.60
Fe, mg kg™ 10.7 0.73) 9.18 12.15 4.80 2533
B, mg kg™ 1.08 (0.06) 0.96 1.21 0.33 2.00
Na, mg kg™! 91.0 (7.4) 76.0 106.0 12.7 219.3
pH 7.70 (0.04) 7.6l 7.78 6.97 8.27
Electrical conductivity 0.48 (0.02) 0.42 0.53 0.15 1.13

Table 2. Nutrient characterization of corn silage whole plant top tissue collected at harvest from 39 cooperator irrigated corn silage fields throughout

the Snake River Plain region of southern Idaho in 2008 and 2009.

Mean Lower and upper confidence Minimum and maximum
Plant nutrient (n=139) SE interval (95%) observed values

N, g kg 10.4 (0.3) 9.8 11.0 6.1 15.0
Pgkg 2.0 (0.1) 1.9 2.1 |.4 29
K,g kg™ 1.7 0.3) 11.0 12.4 78 17.1
Mg, g kg™! 1.5 (0.05) 1.4 1.6 I.1 23
Ca, g kg™ 23 0.1) 2.1 24 1.2 3.1
Na, g kg™! 0.2 0.01) 0.1 0.2 0.1 0.5
S,gkg™! 0.8 (0.02) 0.8 0.8 0.6 1.0
Zn,mg kg™ 204 0.7) 19.1 21.8 12.8 282
Mn, mg kg™ 26.1 2.1) 21.9 304 79 547
Cu, mg kg™ 14.6 (1.6) 1.4 17.8 5.0 532
Fe, mg kg™ 57.1 (2.3) 52.3 61.8 347 110.0

ICP-OES (Ellis and Brown, 1998). Boron was extracted using
the hot water extraction method, and analyzed using ICP-OES
(Ellis and Brown, 1998). Soil pH was determined using a Fisher
Scientific Accumet 50 pH meter with a lignin pH electrode on
amixture of approximately 10.0 g of soil and 10 mL deionized
water (Ellis and Brown, 1998). Electrical conductivity (EC) was
determined using the saturated paste method (Ellis and Brown,
1998). For analysis of Olsen P, 2.0 g of soil was extracted with
40 mL of 0.5 M sodium bicarbonate (NaHCOj3) and filtered
through Schleicher and Schuell no. 605 filter paper (Gavlak
ctal., 2005). Extracts were analyzed for P at 882 nm using the
ammonium molybdate colorimetric method with the Milton
Roy Spectronic 301 Spectrometer (Gavlak et al., 2005).

Tissue Analysis

Corn stalk samples were weighed to determine fresh weight,
dried at 60°C for 3 d, re-weighed, and then ground with a Wiley
Mill to pass a 2-mm sieve. Plant nutrients were determined by
weighing 0.350 g of plant tissue into 50-mL digestion tubes.
Approximately 5.0 mL of concentrated HNO; was added to
the tubes and heated for 30 min at 60°C under a fume hood.
Approximately 3 mL of 30% H, O, solution was added to the
tubes and heated for an additional 90 min at 120°C. The digests
were then cooled, diluted to a volume of 35 mL with 20%

HCI, vortexed, and filtered through Ahlstrom 642 filter paper.
Filtrates were analyzed for P, K, Mg, Ca, Na, S, Zn, Mn, Cu,

and Fe using ICP-OES. Total Kjeldahl nitrogen (TKN) was
determined by weighing 0.200 g tissue into 100 mL digestion
tubes. Approximately 5.0 mL of concentrated H,SO , and one
Pro-Pac catalyst tablet (1.5 g K,SO, and 0.125 g CuSO ) were
added. Samples were digested at 360°C for 1 h under a fume
hood. Samples were then cooled to room temperature, diluted to
avolume of 50 mL with deionized water, mixed, and transferred
to test tubes for analysis of total N content on a Lachat Quik-
Chem 8500 FIA.

Statistical Analysis

All data analysis for this paper was generated using
SAS 9.3 software (SAS Institute, 2011). Means, standard
errors, and confidence intervals for soil (Table 1) and plant
nutrient (Table 2) concentrations were determined using
the Proc SURVEYMEANS procedure. Correlations among
soil nutrients and between soil and tissue nutrients were
determined using Spearman’s rank correlation (Proc CORR,
Spearman) procedure. Correlation values >0.50 in magnitude
(positive or negative) were determined to be relevant for
further consideration using linear regression analyses. Silage
yield was not correlated with any of the soil or plant nutrient
components included in this study. For this reason, yield was
not included in the correlation analysis.

Before regression analysis, a preliminary ANOVA was
conducted using the GLM procedure to assess for significant
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Table 3. Spearman’s correlation rho coefficients, detecting correlations
between increasing soil test P and other soil test nutrient levels for 39
soils with varying manure application histories, collected from corn silage
fields throughout southern Idaho. Values approaching | indicate a positive
correlation between the two parameters; values approaching —| indicate a

negative correlation; values approaching 0 indicate no correlation.

Olsen P
Soil rho p value
K 0.53 0.0006
Mg -0.06 0.7007
Ca -0.24 0.1349
S 0.22 0.1769
Zn 0.78 <0.0001
Mn 0.09 0.5762
Fe 0.50 0.0017
B 0.53 0.0009
Na 0.26 0.1025
Cu 0.45 0.0036
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year effects potentially arising from higher rates of dairy

manure application in 2009 than 2008. Given those results, a
mixed model random effects regression analysis was performed
assuming a random intercept effect due to years (Proc MIXED).
In some cases where nonlinear relationships were evident, for
example, soil test Fe and tissue Mn, an inverse transformation
of the independent variable was used before analysis to linearize
the relationship. Confidence intervals for each model were
determined using « = 0.10.

RESULTS AND DISCUSSION

Soil Nutrient Interaction
Correlations between increasing dairy manure application
rate and increasing Olsen P soil concentration are well supported
(Sharpley et al., 1996; Eghball et al., 1996). Based on this fact,
correlations between Olsen P and other soil test nutrients were
seen as an indication of nutrient accumulations in response to
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Fig. 1. Increasing K, Zn, Fe, and B soil concentrations with increasing soil Olsen P concentrations (0—30.5-cm depth) from 39 cooperator irrigated silage corn
fields with various dairy manure application histories (five of the fields did not have dairy manure applied). The fields were located throughout the Snake River
Plain region of Idaho and were sampled at or near silage harvest in 2008 and 2009. A mixed linear regression model was applied with “year” as a fixed effect.
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Table 4. Spearman’s correlation rho coefficients, detecting correlations between increasing soil test nutrients and tissue nutrient concentration 39 corn
silage fields with varying manure application histories, collected from corn silage fields throughout southern Idaho. Values approaching | indicate a posi-
tive correlation between the two parameters; values approaching —| indicate a negative correlation; values approaching 0 indicate no correlation.

Soil test nutrient

Whole top tissue concentration at harvest.

concentration, 0- to rho p rho p rho p rho p rho p
30.5-cm depth N P K Mg Ca

P 0.50 0.0010 —0.11 0.4780 0.37 0.0197 -0.19 0.2463 -0.25 0.1242

K 0.59 <0.0001 -0.07 0.6511 0.63 <0.0001 —0.43 0.0068 -0.20 0.2336

Zn 0.50 0.0012 -0.10 0.5329 0.40 0.0129 —0.41 0.0096 -0.41 0.0108

Fe 0.33 0.0405 0.19 0.2622 0.42 0.0085 -0.20 0.2264 -0.31 0.0570

B 0.53 0.0006 —0.18 0.2661 0.39 0.0155 -0.27 0.1041 -0.26 0.1188

S Zn Mn Cu B

P 0.08 0.6162 —0.12 0.4570 -0.44 0.0038 -0.09 0.5566 -0.04 0.8083

0.17 0.2995 -0.28 0.0915 -0.04 0.8306 -0.27 0.0924 0.09 0.5576

Zn 0.01 0.9279 -0.08 0.6261 -0.50 0.0014 —0.45 0.0047 -0.13 0.4153

Fe 0.21 0.2014 —0.40 0.0138 -0.59 0.0001 -0.34 0.0337 -0.06 0.7020

B 0.14 0.3745 —0.34 0.0351 -0.05 0.7673 —0.13 0.4230 0.09 0.5925

increasing manure applications. As information on manure
application practices was not included in this study, it is difhicult
to know for certain whether these trends are related to manure
applications or other agricultural practices (such as fertilizer
applications). More research is needed to further evaluate
nutrient accumulations on calcareous soils receiving dairy
manure applications.

Potassium, Zn, Fe, and B soil test concentrations
were positively correlated with increasing soil Olsen P
concentrations (Spearman rho coefficient = 0.52, 0.77, 0.51,
and 0.52, respectively) (Table 3, Fig. 1). On average, for
every 25 mg kg‘1 increase in Olsen P from 0 to 250 mg kg_l,
soil test K concentrations increased by 77 mg kg‘l, soil
test Zn concentrations increased by 0.5 mg kg™, soil test
Fe concentrations increased by 1.0 mg kg‘l, and soil test B
concentrations increased by 0.09 mg kg™! (Fig. 1). Edmeades
(2003) showed a consistent trend of increasing K accumulations
in association with fields having extensive histories of
manure applications, based on information collected from 14
different long-term field trials on cattle manure applications.
Accumulations of Zn from cattle manure applications are also
well documented (Chang etal., 1991; Brock et al., 2006; Benke
ctal,, 2008). Although we did not measure manure application
rates, our soil test B accumulations findings contrast with
Benke et al. (2008), who found no significant increase in soil
test B levels in fields that had received up to 180 Mg ha™! cattle
manure each year for a period of 25 yr. This finding could be
encouraging for fields that suffer from Zn and Fe deficiencies,
which are common under alkaline soil pH conditions as found
in southern Idaho (Table 1).

Magnesium, Ca, S, Na, Cu, and Mn concentrations in the
soil did not appear to be correlated with increasing Olsen P
concentrations (Table 3). Lund and Doss (1980) found increasing
Mg levels in the soil with manure applications, although the rates
that were used in those trials (up to 270 Mg ha™! annually for
a 3-yr period) greatly exceed manure application rates used by
producers in southern Idaho. Magnesium and Ca are naturally
abundant under the alkaline and calcareous conditions that are
typical of southern Idaho soils, making it difficult to observe
significant correlations between soil Ca and Mg concentrations
and soil P concentrations.

Nutrient Interactions between
Soil and Silage Tissue

Positive correlations were detected between soil test K and
tissue N (0.59), soil test B and tissue N (0.53), and soil test K and
tissue K (0.63) (Table 4). To explore these correlations, mixed
model regression analyses between the two components for each
of these three correlations were performed. Soil test Ca, Mg, Na,
S, Mn, and Cu was not included in the correlation analysis, as
it appeared that nutrient interactions would potentially be less
related to manure application history and more related other
external factors due to their lack of correlation with Olsen P
concentrations.

Soil Test Potassium and Tissue Nitrogen

Between soil test K concentrations of 100 and
1300 mg kg_l, the relationship between soil test K
concentration and tissue N concentration was linear (y =
0.000371x + 0.85; Fig. 2). Potassium is needed by the plant for
activation of enzymes required for N metabolism (Havlin et
al., 2005), and has been shown to increase yields and N uptake
when applied in conjunction with N fertilizers (MacLeod,
1969). Because soil ammonium and nitrate levels were not
tested, it is also possible that there was increased N in the soil
similar to increases in K, which would have also increased
N uptake. According to Brown et al. (2010), it is suggested
that silage corn grown in southern Idaho will not respond
to additional K above 150 mg kg™! for Olsen-extracted K
or 180 mg kg_l for acetate-extracted K. While this was the
case for yield (data not shown), it appears possible that the
increasing K levels in the soil may improve the ability of
corn to take up more N. In one sense, this could be a positive
finding, suggesting that corn grown on K enriched fields
(>1000 mg kg ™! soil test K) can take up more N compared to
corn grown on soils with comparably lower K concentrations
(<500 mg kg ™! soil test K), which could help to reduce nitrate-
leaching losses. On the other hand, increased N concentration
in corn also increases the potential for excessive nitrate levels
in corn silage that may be toxic to cows. However, because the
nitrate form of N was not analyzed in the plant tissue, it is
difficult to make this conclusion based solely on our findings.
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Fig. 2. Correlated relationships between specific soil nutrient concentration (0— 30.5-cm depth) and whole plant top nutrient concentration for
39 cooperator irrigated silage corn fields with various dairy manure application histories (five of the fields did not have dairy manure applied). The
fields were located throughout the Snake River Plain region of Idaho and were sampled at or near silage harvest in 2008 and 2009. A mixed linear

regression model was applied with “year” as a fixed effect.

Soil Test Boron and Tissue Nitrogen

In addition to soil test K, we also found a significant positive
correlation between soil test B and tissue N concentrations (Table
4). The relationship between soil test B and tissue N was linear (y =
0.273x + 0.74; Fig. 2). Boron is required by plants for important
processes related to N, including protein synthesis, amino acid
synthesis, and nitrate metabolism (Marschner, 2011). Research
relating soil B to tissue N levels is minimal. Camacho-Cristobal and
Gonzélez-Fontes (1999) showed a decrease in tissue nitrate content
at deficient soil test B concentrations, suggesting that sufficient
amounts of B in the soil are needed to facilitate N uptake in the
plant. Our finding suggests that N uptake on manured soils may be
improved by the addition of B from the manure, which again could
help improve N uptake and potentially reduce N leaching on these
soils. Further research is needed to support this finding

Soil Test Potassium and Tissue Potassium

One of the strongest correlations detected was between
soil test K and tissue K. Tissue K increased linearly with
increasing soil test K concentrations (y = 0.000475x + 0.93;
Fig. 2). This finding illustrates that corn silage appears to be
aluxury consumer of K. Reneau et al. (1983) also showed
increasing tissue K concentrations with increasing K fertilizer
applications. Increasing K concentrations in corn silage tissue
could trigger milk fever in dairy cattle, a common illness in
cattle caused by hypocalcemia (low blood Ca). Penn State
University Extension (2013) recommends K tissue levels
0f 0.8 to 1.0% for forage feeds, suggesting that milk fever
becomes a concern for forages with K levels above 1.5%. On
the highest soil test K soils in this study (>1200 mg kg_l),
whole plant top K content was approximately 1.5%. According
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to the linear regression model, tissue K% would exceed 1.5%
at soil test K concentrations above soil test K concentrations
of 1178 mg kg‘l. Three of the 39 fields in this study exceeded
1178 mg kg‘1 for soil test K. This finding suggests that a small
number of fields may be producing corn silage with K levels
that could lead to milk fever if consumed by cattle.

Soil Test Iron and Tissue Manganese

An antagonistic relationship between soil test Fe and tissue
Mn was observed (Spearman’s correlation = —0.59; Table 4), as
described by a nonlinear inverse relationship (y = 194.53x~! +
4.84; Fig. 2). Reduced Mn uptake and Mn deficiencies induced
by Fe additions on calcareous soils have been well documented
for soybean [Glycine max (L.) Merr.], chickpea (Cicer arietinum
L.), and small grains (Ghasemi-Fasaci et al., 2003; Moraghan,
1985, 1992; Alam et al., 2000; Ghasemi-Fasaei et al., 2005;
Heenan and Campbell, 1983; Ghasemi-Fasaei and Ronaghi,
2008). The mechanism that causes this antagonistic effect
between soil Fe and plant Mn uptake is not well understood.
Increased soil Fe concentrations appear to inhibit Mn
translocation from root to shoot (Alam et al., 2000; Ghasemi-
Fasaci et al., 2005; Heenan and Campbell, 1983). The critical
value for Mn deficiency in corn ear leaf tissue at tassel is
15 mgkg™! (Melsted et al., 1969). Assuming that ear leaf Mn
concentrations at tasseling are closely related to whole shoot Mn
concentrations at harvest, then our logarithmic model would
suggest that growing corn silage on manured fields with soil
DTPA Fe content >18 mg kg™! may result in a Mn deficiency.
In our survey fields, 21% of the corn silage tissue samples had
Mn concentrations below 15 mg kg’l. These findings suggest
that growers with corn silage on manured fields should consider
monitoring Mn in the car leaf tissue at tasseling to determine
if Mn deficiencies are an issue. Taking into account soil test Fe
content should also be considered if Mn is of concern.

Three fields appeared not to follow this antagonistic
relationship (Fig. 2). Between the soil test Fe concentrations
of 15 and 20 mg kg‘l, tissue Mn concentrations for these
three fields ranged between 25 and 35 mg kg‘l. Upon closer
evaluation, these select fields were found to also have the highest
soil test Mn concentrations of all the fields included in the study
(between 10.3 and 16.7 mgkg™"). This finding suggests that Mn
deficiencies on high soil test Fe soils (>10 mg kg™! DTPA Fe)
may be avoided if there are adequate soil test Mn concentrations
(>10 mgkg™! DTPA Mn).

Soil Test Phosphorus and Tissue Zinc

Spearman’s correlation was —0.12 between soil test P and
tissue Zn (Table 4), illustrating no correlation between these
two parameters in the 39 fields studied. Although Zn uptake
has been found to decrease with increasing soil test P levels
(Safaya, 1976; Adriano et al., 1971; Christensen and Jackson,
1981; Singh et al., 1986), it appears that the increasing soil test
Zn associated with manure applications (Fig. 1) likely added
enough additional Zn to the soil to resolve any potential P-Zn
antagonism. Increased Zn uptake with manure applications have
been well documented (Leytem et al., 2011; Pagliari et al., 2009;
Raj and Gupta, 1986; Wongetal., 1999). Based on our finding,
it seems likely that the addition of Zn with manure applications

will likely negate the potential for Zn deficiencies on P-rich soils
that have received manure.

Cation Competition between Potassium,
Calcium, and Magnesium

Correlation analyses between soil and plant K, Ca, and Mg
concentrations suggested that cation competition for plant
membrane ion carrier sites was not aEecting the concentrations
of these cations in the plant tissue. The rho coefficient between
soil test K and tissue Ca was —0.20; rho coefficient between
soil test K and tissue Mg was —0.43. While there may be a
slight antagonistic relationship between soil test K and Mg
tissue concentration, it was difficult to confirm with the level
of variability in the dataset. It is possible that factors, such as
naturally high levels of Mg and Ca in these alkaline soils, may

preclude finding significant cation competition effects.

CONCLUSION

From this research, we found correlations between soil
nutrient levels and tissue nutrient levels for corn silage grown
on nutrient-enriched calcareous soils with reported dairy
manure application histories. Specifically, we found positive
linear correlations between soil test K and tissue N, soil test B
and tissue N, and soil test K and tissue K concentrations, and
found a significant negative inverse relationship between soil
test Fe and tissue Mn concentration. These ﬁndings suggest
that growers producing corn silage on alkaline soils receiving
dairy manure applications should consider monitoring plant
tissue for N, K, and Mn concentrations to avoid reaching toxic
(N or K) or deficient (Mn) levels. Our findings also suggest
that interactions such as P-Zn and cation competition between
K, Ca, and Mg may not be a major issue on nutrient-enriched
alkaline and calcareous soils with dairy manure application
histories. Finally, there were significant soil accumulations
of K, Fe, Zn, and B associated with increasing Olsen P
accumulations, suggesting that dairy manures are significant
sources of these five nutrients in the Snake River Region of
southern Idaho. Controlled studies are needed to further
validate the interactions found in our study.

ACKNOWLEDGMENTS

We would like to acknowledge the support of William Price,
statistician with the University of Idaho College of Agricultural and
Life Sciences, who helped us to discover critical relationships in our
dataset that we may never have discovered otherwise. We would also
like to acknowledge the University of Idaho Extension Topic Team
funding program, which provided the necessary funds needed for our
rescarch efforts.

REFERENCES

Adriano, D.C., G.M. Paulsen, and L.S. Murphy. 1971. Phosphorus-iron and
phosphorus-zinc relationships in corn (Zea mays L.) seedlings as affected
by mineral nutrition. Agron. J. 63:36-39. doi:10.2134/agronj1971.0002
1962006300010013x

Alam, S., S. Kamei, and S. Kawai. 2000. Phytosiderophore release from man-
ganese-induced iron deficiency in barley. J. Plant Nutr. 23:1193-1207.
doi:10.1080/01904160009382092

Benke, M.B., S.P. Indraratne, X. Hao, C. Chang, and T.B. Goh. 2008. Trace

element changes in soil after long-term cattle manure applications. J.
Environ. Qual. 37:798-807. doi:10.2134/jeq2007.0214

Agronomy Journal < Volume 106, Issue |

79



Brock, E.H., Q.M. Ketterings, and M. McBride. 2006. Copper and zinc
accumulation in poultry and dairy manure-amended fields. Soil Sci.

171:388-399.

Brown, B., J. Hart, D. Horneck, and A. Moore. 2010. Nutrient management
for field corn silage and grain in the Inland Pacific Northwest. PN'W 615.
Univ. of Idaho Ext., Moscow.

Camacho-Cristdbal, J.J., and A. Gonzilez-Fontes. 1999. Boron deficiency
causes a drastic decrease in nitrate content and nitrate reductase activity,
and increases the content of carbohydrates in leaves from tobacco plants.

Planta 209:528-536. doi:10.1007/s004250050757

Chang, C., T.G. Sommerfeldt, and T. Entz. 1991. Soil chemistry after eleven
annual applications of cattle feedlot manure. J. Environ. Qual. 20:475-
480. doi:10.2134/jeq1991.00472425002000020022x

Christensen, N.W., and T.L. Jackson. 1981. Potential for phosphorus toxic-
ity in zinc-stressed corn and potato. Soil Sci. Soc. Am. J. 45:904-909.
d0i:10.2136/5552j1981.03615995004500050017x

Claassen, M.E., and G.E. Wilcox. 1974. Comparative reduction of calcium and
magnesium composition of corn tissue by NH,-N and K fertilization.
Agron. J. 66:521-522. doi:10.2134/agronj1974.000219620066000400
13x

Edmeades, D.C. 2003. The long-term effects of manures and fertilisers on soil
productivity and quality: A review. Nutr. Cycling Agroecosyst. 66:165—
180. doi:10.1023/A:1023999816690

Eghball, B. 2002. Soil properties as influenced by phosphorus- and nitro-
gen- based manure and compost applications. Agron. J. 94:128-135.
doi:10.2134/agronj2002.0128

Eghball, B., G.D. Binford, and D.D. Baltensperger. 1996. Phosphorus move-
ment and adsorption in a soil receiving long-term manure and fer-
tilizer application. J. Environ. Qual. 25:1339-1343. doi:10.2134/
1¢q1996.00472425002500060024x

Ellis, B., and J.R. Brown. 1998. Recommended chemical soil test procedures
for the North Central Region. North Central Regional Research Publ.
221 (Revised). Missouri Agric. Exp. Stn., Columbia.

Garcfa-Mina, J.M., M.C. Antolin, and M. Sanchez-Diaz. 2004. Metal humic
complexes and plant micronutrient uptake: A study based on differ-
ent plant species cultivated in diverse soil types. Plant Soil 258:57-68.
doi:10.1023/B:PLS0.0000016509.56780.40

Gavlak, R., D. Horneck, and R. Miller. 2005. Soil, plant and water reference
methods for the Western Region. 3rd ed. WREP-125. Colorado State
Univ., Fort Collins.

Ghasemi-Fasaei,R.,and A. Ronaghi.2008.Interaction ofiron with copper, zinc,
and manganese in wheat as affected by iron and manganese in a calcare-
ous soil. J. Plant Nutr. 31:839-848. doi:10.1080/01904160802043148

Ghasemi-Fasaei, R., A. Ronaghi, M. Maftoun, N. Karimian, and P.N. Soltan-
pour. 2003. Influence of FEEDDHA on Iron-manganese interaction
in soybean genotypes in a calcareous soil. J. Plant Nutr. 26:1815-1823.
doi:10.1081/PLN-120023285

Ghasemi-Fasaei, R., A. Ronaghi, M. Maftoun, N. Karimian, and P.N. Soltan-
pour. 2005. Iron-manganese interaction in chickpea as affected by foliar
and soil application of iron in a calcareous soil. Commun. Soil Sci. Plant
Anal. 36:1717-1725. doi:10.1081/CSS-200062428

Havlin, J.L., J.D. Beaton, S.L. Tisdale, and W.L. Nelson. 2005. Soil fertility
and fertilizers. 7th ed. Pearson Prentice Hall, Upper Saddle River, NJ.

Heenan, D.P., and L.C. Campbell. 1983. Manganese and iron interactions on
their uptake and distribution in soybean (Glycine max (L.) Merr.). Plant
Soil 70:317-326. d0i:10.1007/BF02374888

Hines, S., A. Moore, B. Brown, M. Chahine, R. Norell, M.E. de Haro Marti et
al.2012. Using extension phosphorus uptake research to improve Idaho’s
nutrient management planning program. J. Extension 50(5):5RIB10.
http://www.joe.org/joe/20120ctober/pdf/JOE_v50_5rb10.pdf
(accessed 9 Oct. 2013).

Leytem, A.B., R. Dungan, and A. Moore. 2011. Nutrient availability to corn
from dairy manures and fertilizer in a calcareous soil. Soil Sci. 176:426—

434. doi:10.1097/5S.0b013¢31822391a6

Lund, Z.F., and B.D. Doss. 1980. Residual effects of dairy cattle manure on
plant growth and soil properties. Agron. J. 72:123-130. doi:10.2134/agr
0nj1980.00021962007200010025x

MacLeod, L.B. 1969. Effects of N, P, and K and their interactions on the yield
and kernel weight of barley in hydroponic culture. Agron. J. 61:26-29.
doi:10.2134/agronj1969.00021962006100010009x

Marschner, P. 2011. Marschner’s mineral nutrition of higher plants. 3rd ed.
Academic Press, London.

McColloch, R.C., ET. Bingham, and D.G. Aldrich. 1957. Relation of soil
potassium to magnesium nutrition of citrus. Soil Sci. Soc. Am. Proc.

21:85-88. d0i:10.2136/5552j1957.03615995002100010017x

Melsted, SW., H.L. Motto, and T.R. Peck. 1969. Critical plant nutrition
composition values useful in interpreting plant analysis data. Agron. J.
61:17-20. doi:10.2134/agronj1969.00021962006100010006x

Mengel, K. 2007. Potassium. In: A.V. Barker and D.J. Pilbeam, editors, Hand-
book of plant nutrition. CRC Press, Boca Raton, FL. p. 91-120.

Moraghan, J.T. 1992. Iron-manganese relationship in white lupine grown
on a calciaquoll. Soil Sci. Soc. Am. J. 56:471-475. doi:10.2136/
5552j1992.03615995005600020022x

Moraghan, J.T. 1985. Manganese deficiency in soybean as affected by FeED-
DHA and low soil temperature. Soil Sci. Soc. Am. J. 49:1584-1586.
d0i:10.2136/5552j1985.03615995004900060051x

Ologunde, O.0., and R.C. Sorensen. 1982. Influence of concentrations
of K and Mg in nutrient solutions on sorghum. Agron. J. 74:41-46.
doi:10,2134/agronj1982.00021962007400010013x

Pagliari, P.H., CJ. Rosen, and J.S. Strock. 2009. Turkey manure ash
effects on alfalfa yield, tissue elemental composition, and chemi-
cal soil properties. Commun. Soil Sci. Plant Anal. 40:2874-2897.
doi:10.1080/00103620903173863

Parsons, K.J., V.D. Zheljazkov, J. MacLeod, and C.D. Caldwell. 2007. Soil
and tissue phosphorus, potassium, calcium, and sulfur as affected by
dairy manure applications in a no-till corn, wheat and soybean rotation.
Agron. J. 99:1306-1316. doi:10.2134/agronj2006.0243

Penn State University Extension. 2013. Trouble-shooting milk fever and
downer cow problems. DAS 96-27. Penn State Extension. http://exten-
sion.psu.edu/animals/dairy/health/nutrition/nutrition-and-feeding/
nutrition-and-health/trouble-shooting-milk-fever-and-downer-cow-
problems (accessed 1 June 2013).

Raj, H., and V.K. Gupta. 1986. Influence of organic manures and zinc on
wheat yield and Zn concentration in wheat. Agric. Wastes 16:255-263.
doi:10.1016/0141-4607(86)90057-0

Reneau, R.B., Jr., G.D. Jones, and J.B. Friedricks. 1983. Effect of P and K on
yield and chemical composition of forage sorghum. Agron. J. 75:5-8.
doi:10.2134/agronj1983.00021962007500010002x

Safaya, N.M. 1976. Phosphorus-zinc interaction in relation to absorption rates
of phosphorus, zinc, copper, manganese, and iron in corn. Soil Sci. Soc.
Am.J.40:719-722. d0i:10.2136/s552j1976.03615995004000050031x

SAS Institute. 2011. SAS/STAT user’s guide. Version 9.3. SAS Inst., Cary, NC.

Sharpley, A., T.C. Daniel, J.T. Sims, and D.H. Pote. 1996. Determining
environmentally sound soil phosphorus levels. J. Soil Water Conserv.

51:160-166.

Singh, J.P., R.E. Karamanos, and J.W.B. Stewart. 1986. Phosphorus-induced
zinc deficiency in wheat on residual phosphorus plots. Agron. J. 78:668—
675. doi:10.2134/agronj1986.00021962007800040023x

Stevenson, F.J., and M.S. Ardkani. 1972. Organic matter reactions involving
micronutrients in soil. In: R.L. Flannery, editor, Micronutrients in agri-
culture. ASA, Madison, W1I. p. 79-114.

Warman, P.R., and J.M. Cooper. 2000. Fertilization of a mixed forage crop
with fresh and composted chicken manure and NPK fertilizers: Effects
on soil tissue Ca, Mg, S, B, Cu, Fe, Mn and Zn. Can. J. Soil Sci. 80:345-
352. doi:10.4141/599-065

Wong, JW.C., K.K. Ma, K.M. Fang, and C. Cheung. 1999. Utilization of a
manure compost for organic farming in Hong Kong. Bioresour. Technol.

67:43-46. d0i:10.1016/50960-8524(99)00066-8

80 Agronomy Journal <+ Volume 106, Issue | <+ 2014



