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growth across both temporal and spatial gradients (Valladares 
et  al., 2007, 2014; Funk and Cornwell, 2013; Becklin et  al., 
2016). Broad suites of plant functional traits enable differential 
responses to abiotic factors that can foster coexistence or com-
petition, such as rooting depth differences between grasses and 
woody species (Fargione and Tilman, 2005; Nippert and Holdo, 
2015; Holdo et  al., 2018) or water-use efficiency (O’Keefe 
and Nippert, 2018; Nadal and Flexas, 2019). However, trait 
variation within a species (intraspecific variability) may also 



Bachle and Nippert — Intraspecific microanatomical trait variation in Andropogon gerardii 3

(95 % EtOH)/35 % DI water) for vacuum infiltration. Samples 
were kept at room temperature until processing in August 2017.

Anatomical trait analyses

Leaf tissues were cross sectioned to a 4-µm thickness with a 
Leica RM2135 microtome (Leica Biosystems, Newcastle, UK) 
at the Kansas State University College of Veterinary Medicine 
Histopathology Laboratory. Samples were mounted in paraffin 
and then adhered to charged slides for biological staining. The 
tissues were stained with Safranin-O and Fast Green (Ruzin, 
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Trait interdependency

While A. gerardii leaves expressed considerable variation in 
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to carbon use (MSA, BSA; Fig.  2A, C), CV was low across 
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and system productivity (Hoover et al., 2014; Felton and Smith, 
2017). Leaf microanatomical traits may also display similar 
climate–trait relationships, but have been infrequently inves-
tigated across species or systems (Carmo-Silva et  al., 2009; 
Ouyang et al., 2017; Bachle and Nippert, 2018). The results in 
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