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Abstract 

Root contributions to the soil carbon (C) budget vary depending on botanical composition, land-

use and management, soil characteristics and prevailing environmental and climatic conditions. 

How these factors interact to influence the distribution of C and nitrogen (N) stocks with soil 

depth is not well understood. A two-phased study was conducted to evaluate root contributions 

to depth distribution of C and N stocks in an Alfisol on the Northern Tablelands of New South 

Wales (NSW), Australia. Phase 1 evaluated the impact of land-use on: (i) distribution of fine 

root biomass and associated root functional traits to a maximum depth of 1.0 m, (ii) 

accumulation of root and soil C and N stocks within the 1.0 m soil profile in relation to the root 

traits investigated and (iii) decomposability of root litters from improved pastures, native 

pastures and woodlands. In phase II, a one-year field experiment was conducted to address 

objectives (i) to (iii) above under three native grasses of NSW: Austrodanthonia richardsonii 

(C3 sun-adapted), Chloris ventricosa (C4 sun-adapted) and Microlaena stipoides (C3 shade-

adapted) across growing seasons at 0% and 75% shading. Intact soil cores were extracted to a 

maximum depth of 1.0 m and each core cut into 5 incremental depths for measurement of root 

biomass, root morphological traits and root and soil C and N. Surface and subsurface root litters 

from each land-use were incubated under controlled laboratory conditions to compare 

decomposability across the land-uses and between surface and subsurface root litters. For phase 

II incubation experiment, a high-N and a low-N soil were used to compare the relative 

importance of root litter versus soil quality in regulating root litter decomposability. There was a 

strong land-use effect on fine root mass density (FRMD), all the root morphological traits, root 

and soil C and N stocks. Not only were roots under improved pastures extensively branched but 

also had significantly larger  root and soil C stocks (2.40 ± 0.55 and 53.90 ± 7.95 Mg) than 

native pastures (1.65 ± 0.45 and 45.25 ± 7.05 Mg) ha
-1

, respectively, with woodlands as 

intermediate between the two pasture types. There was no significant effect of land-use or root 

litter type on root litter decomposability when exposed to the same temperature and moisture in 

the growth chamber. All the species had larger soil C and N stocks at 75% than at 0% shading, 

contrasting with the larger root C and N stocks at 0% than at 75% shading. There was no 

significant effect of species, root litter type or soil quality on cumulative CO2-C effluxes from 

root litters, suggesting that root litter decomposition was driven by temperature and soil 

moisture that were maintained constant throughout the incubation period. Further studies are 

needed in situ to establish reasons for larger soil C accumulation under shade and its 

implications for C sequestration. 
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