Switchgrass Yield Response to Nitrogen on Four Soil Types in West Tennessee
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BACKGROUND

• Nitrogen (N) fertilizer is needed to produce yields large enough to make
growing switchgrass for biofuels economically viable.
• Yield-maximizing N rates for switchgrass have varied depending on spatial
and temporal factors (Haque et al. 2009).
• Few papers have gone beyond estimating yield-maximizing N rates to
estimate profit-maximizing N rates.
• Little is known about the influence of soil quality and landscape on
switchgrass production (Fike et al. 2006).

OBJECTIVE

To determine the profit-maximizing: 1) N rates, 2) expected yields, and 3) net
returns for switchgrass grown on four landscapes in Tennessee.

METHODS

Profit-Maximizing Expected Net Returns

The producer’s objective was
𝐦𝐦𝐦 𝑬 𝝅 = 𝒑𝒑 𝒚 − 𝒓𝒓

$1,400

where E(π) is the producer’s expected net returns in $ ha−1; p is the price of
switchgrass in $ Mg−1; E(y) is the expected switchgrass yield in Mg ha−1 and is a
function of N; r is the price of N in $ kg−1; and x is the quantity of N applied in kg
ha−1.
For each landscape, the yield response to N was modeled using Tembo et al.’s
(2008) linear response stochastic plateau function. This response function was
𝒚𝒕𝒕 = 𝐦𝐦𝐦 𝜷𝟎 + 𝜷𝟏 𝒙𝒕𝒕 , 𝝁𝒎 + 𝒖𝒕 + 𝒗𝒕 + 𝒆𝒕𝒕
where yti is the switchgrass yield in Mg ha−1 in the t th year on plot i; β0 and β1
are coefficients; xti is the quantity of N applied in kg ha−1; µm is the expected
plateau yield in Mg ha−1; 𝒗𝒕 ~𝑵(𝟎, 𝝈𝟐𝒗 ) is the intercept year random effect;
𝒆𝒕 ~𝑵(𝟎, 𝝈𝟐𝒆 ) is the random error term; and 𝒖𝒕 ~𝑵(𝟎, 𝝈𝟐𝒖 ) is the year plateau
random effect. Independence was assumed across the three stochastic
components. Results for the yield response functions can be found in the
published proceedings.
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• Yield varied across the four landscapes.
• Landscapes impacted profit-maximizing N rates, expected yields, and
expected net returns.
• Marginal landscapes produced switchgrass yields comparable to the higher
quality landscapes.
• Further research is needed to compare the profitability of corn and
switchgrass in side-by-side experiments on marginal lands and land wellsuited for row crop production.
• Research is needed to quantify the economic benefit from the
environmental services that producing switchgrass provides.
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Switchgrass yield data were obtained from experiments at the University of
Tennessee Milan Research and Education Center at Milan, TN. Four landscapes
were selected to represent the predominant landscapes found in West
Tennessee:
1) a well-drained level upland (WDLU);
2) a well- to moderately well-drained flood plain (WDFP);
3) a moderate- to somewhat poorly-drained eroded sloping
upland (MDSU); and
4) a poorly-drained flood plain (PDFP).
The WDLU and WDFP landscapes are well suited for row crop production in
Tennessee while the MDSU and PDFP landscapes represent marginal land for
crop production in Tennessee. More details about the landscapes can be found
in Mooney et al. (2009).
A RCB experiment with a strip-plot arrangement of treatments and four
replications was designed for each landscape. ‘Alamo’ switchgrass was
established in 2004. In 2005, blocks were split into strips for N fertilization at
four rates: 0, 67, 134 and 200 kg ha−1. Plots were harvested annually following
senescence from 2005-2011.
To find the profit-maximizing N rate, we assumed prices for switchgrass and
N. Since there is no established market for switchgrass, the price of
switchgrass was based on breakeven prices from the literature. We selected
three prices of switchgrass: $40, $60, and $80 Mg−1 (Mooney et al. 2009). The
average price of N from ammonium nitrate from 2005-2011 was selected to be
the price of N, $1.30 kg−1 (USDA NASS 2011).
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