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Recent attention has focused on the use of perennial, 
warm-season grasses as renewable energy crops (McLaugh-

lin et al., 2002; Greene et al., 2004; Sims et al., 2006). These 
species are considered to be particularly well-suited for the 
production of biomass for energy applications because they 
utilize C4 photosynthesis and are perennial (Heaton et al., 
2004). Grasses that employ the C4 photosynthetic pathway 
typically use water, N, and solar radiation more efficiently 
than plants having the C3 pathway (Brown, 1999), and 
therefore are generally more productive per unit land area and 
resource input relative to other potential energy crops (Black, 
1971; Lewandowski and Schmidt, 2006). Perenniality also 
confers important advantages to energy crops, including the 
ability to cycle nutrients seasonally between shoots and roots 
(Clark, 1977; Heckathorn and Delucia, 1996), thus improv-
ing feedstock quality and minimizing fertilizer require-
ments for sustained biomass production (Muir et al., 2001; 
McLaughlin and Kszos, 2005).

Despite high N-use efficiency by grasses possessing both C4 
photosynthesis and a perennial lifecycle, numerous studies have 

demonstrated that significant fertilizer N inputs are required 
to optimize biomass production by these species when managed 
as forage crops (Brejda, 2000). Although relatively few studies 
have assessed the effect of N fertilization on yield of peren-
nial, warm-season grasses managed specifically as bioenergy 
feedstocks (Ma et al., 2001; Muir et al., 2001; Thomason et al., 
2004; Lemus et al., 2008a), there is emerging consensus that N 
fertilization requirements should be reduced for single-harvest 
feedstock management systems relative to multiharvest forage 
systems (Parrish and Fike, 2005; McLaughlin and Kszos, 
2005), as the latter are characterized by greater N removal as 
a result of harvest of immature, N-rich biomass (Reynolds et 
al., 2000). Nonetheless, information regarding yield optimal 
N requirements for perennial, warm-season grasses managed 
as energy crops is limited in the central United States, particu-
larly for species other than switchgrass. Additionally, relatively 
little is known regarding the effects of N fertilization on other 
important attributes of perennial, warm-season grasses, includ-
ing partitioning of biomass and nutrients to crowns and roots 
for remobilization in subsequent growing seasons.

Allocation of plant nutrients to roots before crop harvest is 
a desirable trait for energy crops, as a high mineral concentra-
tion negatively affects biomass quality for bioenergy applica-
tions, especially thermochemical processes (McKendry, 2002). 
Additionally, nutrients retained in roots can be recycled by the 
crop for future growth, thus reducing long-term fertilization 
requirements (Clark, 1977; Beale and Long, 1997). Previous 
research on switchgrass and eastern gamagrass indicated that 
N fertilization can result in increased shoot N concentra-
tions, and therefore increased N removal with biomass harvest 
(Brejda et al., 1996; Vogel et al., 2002). However, the effect of 
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