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Chapter 8.  General discussion and conclusions 

 

8.1 Impact of Land-use on FRMD, root traits, C stocks and root litter mineralisation 

rates 

 

8.1.1 Land-use and profile distribution of FRMD and associated root traits 

The large FRMD under improved pastures compared with native pastures and woodlands is 

consistent with earlier studies (Lodge & Murphy, 2006; Garten et al., 2011; Dodd & Mackay, 

2011). Such large FRMD as observed under improved pastures is a precursor to SOM build-up 

(Conant et al., 2003; Garten et al., 2011) and suggests that improved pastures on the Northern 

Tablelands of NSW could be more important in sequestering C than either native pastures or 

woodlands. Moreover, the typically large RTL, RLD, FRV and RSA under improved pastures 

tend to be associated with extensively branched root systems associated with efficient 

exploration of soil pore space for increased acquisition of water and nutrients (Fitter, 1987; 

2002). Increased foraging efficiency for water and nutrients is important for large root biomass 

production (Hodge, 2004; Lodge & Murphy, 2006; Garten et al., 2011) as a precursor to SOM 

build-up (Conant et al., 2003; Garten et al., 2011). It is also worth to note that RTL, FRV and 

RSA were larger under both improved pastures and native pasture compared with the 

woodlands. These root traits were positively correlated with large soil C stocks under the native 

pastures in the Southern Tablelands of NSW (Guo et al., 2008a) and suggest that pastures could 

play a more important role in sequestering soil C than woodlands.  

 

The typically small FRMD across the land-use × site combinations imply that if roots are an 

important source of C in deeper soil layers (Dodd & Mackay, 2011), then other root sources 

other than FRMD may be responsible for inputting that that C belowground. The results also 

highlight the need to physically translocate the > 80% FRMD concentrated in the 0 – 0.1 m 

depth especially under the pastures to deeper layers. Among the strategies proposed (Dodd & 

Mackay, 2011) include: (i) introducing naturally deep-rooting grasses like P. aquatica under 

native pastures or increasing their proportion under improved pastures, (ii) breeding for deep-

rooting species and (iii) deep placement of fertilisers (e.g. during subsoiling) as opposed to 

broadcasting on the surface as currently practiced by farmers on the Northern Tablelands of 
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NSW. However, under the current conditions on the Northern Tablelands of NSW, applicability 

of these strategies under the constraints in which farmers operate is likely to remain a challenge. 

The characterisation of FRMD and associated root morphological traits are explored at greater 

detail in chapter 2.0. In the following chapter, FRMD and the root morphological traits 

evaluated in chapter 2.0 are examined within the context of soil C and N stocks. 

 

8.1.2 Land-use, root traits and accumulation of C and N stocks with depth 

The large root and soil C and N stocks observed under improved pastures were consistent with 

the largest FRMD and associated root morphological traits observed under improved pastures.  

The results indicate that under improved pastures, the large FRMD and associated root 

morphological traits translated into large soil C stocks. These findings support earlier work 

(Conant, et al., 2003) that build up of root biomass precedes accumulation of soil C. When 

averaged over depth and site, soil C stocks under the woodlands were significantly larger than 

under the native pastures, although the FRMD under the two land-uses was comparable. 

Probably, a larger fraction of C under the woodlands was in form of particulate organic matter 

(POM) that was not recorded as root biomass compared with the native pasture. As was 

observed in section 8.1.1, only the main effect of depth was strong on distribution of root and 

soil C and N stocks. About 89.4% of root C stock was in the 0 – 0.3 m depth where it could be 

vulnerable to losses via respiration (Baddeley & Watson, 2005) without practical steps towards 

translocating these C and N stocks to subsurface horizons potentially for better sequestration 

(Rasse et al., 2005; Uselman et al., 2007) (see section 8.1.1). 

 

All the root morphological traits investigated were weakly correlated with SOC and DOC 

stocks (see chapter 3). However, the R
2
 values in this study were close to or even better than 

those reported in related studies attempting to correlate soil C stocks and root morphological 

traits (Klumpp and Soussana, 2009). With the exception of RTL that was better correlated with 

SOC, all the other root morphological traits were better correlated with DOC. Most likely, the 

strength of the interrelationships investigated in this study would have been strengthened, had 

the changes in root traits with age, growing season and species composition that can potentially 

regulate C fluxes at the root-soil interface (Gartern et al., 2011) been accounted for. For 

example, DOC is a dynamic C pool that is strongly associated root phenology and climatic 
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conditions (Uselman, 2006; Uselman et al., 2007). Due to time constraints and the amount of 

work involved, this study could not account for changes in root traits with age. 

 

8.1.3 Decomposability of root litters under different land-uses and litter source 

Decomposability of root litters at 86 DAPI was comparable under all land-uses and there was 

also no evidence that subsurface root litters were less decomposable than surface root litters. 

Probably, root litter decomposability was controlled more by temperature and moisture in the 

chambers that were maintained constant throughout the incubation period rather than either by 

root litter quality or location of root litter in the soil profile. A combination of lower soil 

temperature and higher moisture content that we observed deeper than 0.1 m has been reported 

to suppress litter decomposability (Rasse et al., 2005; Baker et al., 2007) and might have been 

the reason for the lower turnover rates of subsurface root litters compared with surface root 

litters as observed by Baddeley and Watson (2005). 

 

The decomposability of root litters needs to be investigated in situ to establish if the prevailing 

conditions rather than differences in root litter quality are the reason for the reported higher 

turnover rates of surface compared with subsurface root litters (Baddeley and Watson, 2005). 

Otherwise, in our study, when both surface and subsurface root litters were exposed to the same 

conditions, there were no significant differences in root litter decomposability, regardless of the 

land-use from which the root litters were collected. One important implication of this study is 

that model estimates of root litter turnover (Santantonio and Grace, 1987; Publicover and Vogt, 

1993) and input of root litter C to soil (Pansu et al., 2009) can be relied on as long as soil 

temperature and moisture content can be assumed to be constant, since the models estimates are 

based on the assumption that decomposability is constant. The second implication is that if 

prevailing field conditions are the responsible for the suppression of root litter decomposability 

in subsurface horizons, then the benefits of practices like subsoiling that expose naturally buried 

root litter to the surface would have to be weighed against the costs of increased 

decomposability of such root litters. This section is addressed to some detail in chapter 4.0. 

 

8.2 Species effects on FRMD, root traits, C stocks and root litter decomposability 
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8.2.1 Species and profile distribution of FRMD and associated root traits 

The interactive effect of light and species on FRMD and associated fine root traits, fine root 

biomass C and N as well as soil C and N were not related to season of the year, implying that 

species responses were specific to intensity of shading. Although high light intensity (0% 

shading) increased fine root biomass and fine root C across all species, shading favoured 

accumulation of soil C under the C3 species (Fig. 8.1). The positive effect of high sunlight 

intensity on FRMD is evidence that light regulates dry matter allocation to roots. This was not 

unexpected for the sun-adapted species: A. richardsonii and C. ventricosa because in such 

species, high light intensity has been shown to increase photosynthesis, stomatal conductance 

and consequently, dry matter allocation to roots (Poorter et al., 2012). Down-regulation of these 

processes at low light intensity (Ballare et al., 1991; Wahl et al., 2001; Begna et al., 2002; 

Poorter et al., 2012) could explain the suppression of FRMD at 75% shading which was 

significant on the sun-adapted species. One of the strategies that sun-adapted species adopt to 

adapt to low sunlight intensity is increased allocation of photoassimilates to low-order root 

branches that are associated with reduction in root biomass because of their low tissue density 

(Ryser & Eek, 2000). This root fraction has however, been found to dominate root functions 

related to input of C to soil (Guo et al., 2008b). If the goal is optimisation of FRMD, our results 

indicate that this is happening under the more open land-uses with minimum shading intensity 

like improved pastures and native pastures characterised by few scattered trees. In contrast M. 

stipoides did not seem to be particularly affected by the level of shading, although it also tended 

to have larger FRMD at 0% shading. This was not expected because high light intensity should 

suppress dry matter allocation to roots of shade-tolerant species when unshaded (Ryser & Eek, 

2000).  

 

Not only did shading influence dry matter allocation to roots but also the depth at which these 

species placed their FRMD. The effect of shading on profile distribution of FRMD was 

particularly evident within the 0 – 0.5 m depth. This is an important result because although 

light had for long been speculated to influence the depth at which plants grow roots (Feldmand, 

1984), we could not find studies to back-up this claim.  

 

The pattern in seasonal distribution of FRMD with depth was similar for A. richardsonii and M. 

stipoides, with up to 97% of FRMD under either species occurring in the 0 – 0.1 m depth by 
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early summer when the FRMD of the two species was at its peak. Maximisation of root growth 

in the surface horizons could have been a response to the warming of topsoil after winter. Such 

concentration of FRMD in topsoil depths is not good for C sequestration since the rate of 

turnover of that biomass is higher (Baddeley & Watson, 2005) and therefore, more vulnerable 

to losses to the atmosphere as CO2-C via decomposition (Jobbagy & Jackson, 2000). 

 

8.2.2 Species, root traits and depth distribution of root or soil C and N stocks 

The between species differences in root and soil C and N stocks were due to differences in 

photosynthetic pathways and life histories of the species. Coincidentally, the C3 species, A. 

richardsonii and M. stipoides were also winter species whereas C. ventricosa was a C4 summer 

grass. The winter species persisted throughout the growing seasons whereas C. ventricosa 

senesced in winter; died in spring and re-sprouted in the following summer when FRMD of the 

winter grasses was peaking. Persistence enabled the C3 species to fix more C and take up 

associated N, resulting in larger root C and N stocks compared with C. ventricosa. Our results 

indicate that persistence was associated with conservation of larger root C and N stocks whereas 

senescence and death were associated with larger soil C and N stocks. Root- or shoot-

conserving species have been shown to convert their root or shoot C to SOM much more slowly 

than the non root or shoot conserving species (Personeni & Loiseau, 2004). The larger soil C 

and N stocks under C. ventricosa which had typically smaller root C and N stocks compared 

with the C3 species point to more rapid conversion of the root C and N stocks of this species to 

SOM. This was also encountered by Conant et al. (2003) who observed that the more 

intensively grazed pastures with smaller root C had larger soil C stocks than the ungrazed ones 

with large root C stocks, which was attributed to more rapid conversion of root C to SOM.  

 

The effect of shading on root and soil C and N stocks was both species-specific and also 

seasonal. High sunlight intensity and shade had opposing effects on root and soil C and N 

stocks. The larger root C and N stocks for all species at 0% compared with 75% shading were 

consistent with FRMD (section 8.1.1). These results highlight the positive role of sunlight in 

stimulating dry matter allocation to roots. It is not clear why there were larger soil C and N 

stocks at 75% shading compared with 0% shading that had larger root C and N stocks. We 

propose: (i) higher conversion of root C and N stocks to soil C and N stocks coupled by 

suppression of decomposition rates by the lower soil temperatures and higher soil moisture 
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observed at 75% than at 0% shading; (ii) higher conversion of root C and N stocks to soil C and 

N stocks but which was exceeded by losses via decomposition driven by the conducive soil 

temperature and soil moisture observed at 0% than at 75% shading;  
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Fig. 8.1. Interactions between light intensity, species and root and soil C stocks 
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(iii) higher conservation of root C and N in biomass as opposed to conversion to soil C and N 

stocks at 0% shading. Further studies in situ are needed to establish the actual reasons for 

increased root C and N at 0% shading but larger soil C and N stocks at 75% shading. 

 

All the species underwent similar changes in the distribution of root and soil C and N stocks 

with soil depth at 0% and 75% shading, suggesting that this was a response to shading and was 

not related to photosynthetic pathway or sun-/shade-adaptability of the species. This study 

provides evidence to what has long been postulated, that light might regulate the depth at which 

plants grow roots (Feldman, 1984). The larger soil C and N stocks at 75% shading compared 

with 0% shading contrasted with the larger root C and N stocks at 0% shading. This effect was 

also extended to deeper layers at least within the 0 – 0.5 m, implying that high sunlight intensity 

and shade had opposing effects on accumulation of root and soil C and N stocks down the soil 

profile. If the longevity of C increases with the depth at which it is located (Jobbagy & Jackson, 

2000), our results indicate that C sequestration is increased by the presence of shade, although 

the reasons remain unclear.  

 

8.2.3 Decomposability of root litters of different Species and litter source 

There was no significant effect of species, root litter type (surface vs subsurface) or soil quality 

on Cumulative CO2-C emissions from root litters at 99 DAPI. These results were not expected 

because of the significant differences in root litter C:N ratios across species and between root 

litter types. Subsurface root litters with typically wider C:N ratios were as decomposable as 

surface root litters with narrower C:N ratios when exposed to the same temperature and soil 

moisture conditions. Under similar conditions, no significant effect of soil quality on cumulative 

CO2-C effluxes from the root litters at 89 DAPI was detected. The results of this study indicate 

that C:N ratio was not an important driver of root litter decomposition rates as reported in 

earlier studies (Silver and Miya, 2001). Most likely, root litter decomposability was driven more 

by a combination of soil temperature and moisture content that were maintained constant during 

the incubation. It is also possible that the low rates of decomposition masked the effect of C:N 

ratio on decomposition rates so that soil temperature and soil moisture appeared to dominate.  
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Comparable cumulative CO2-C effluxes from root litters at 89 DAPI between species implies 

that reasons other than higher decomposability of the root litters were responsible for the larger 

SOC and SON stocks under C. ventricosa which had typically smaller root C and N stocks 

when compared with A. richardsonii and M. stipoides. Probably, (1) conversion of root biomass 

into POM that was measured as soil C rather than as root C may have been higher under C. 

ventricosa compared with the C3 species. This is particularly so, given that this particular 

species first had to die before re-sprouting; (2) temperature and moisture that were not varied in 

this study might have overshadowed potential differences in root litter decomposability that 

would have been detected under field conditions; and (3) exudation as a process through which 

roots input C to soil (Jones et al., 2009) might have been higher under C. ventricosa compared 

with A. richardsonii and M. stipoides.  

 

Physical fractionation soil C under the different species, in situ incubation experiments and 

quantification C inputs into the soil by living roots e.g. via exudation (Jones et al., 2009) or 

other insoluble C compounds like mucilage (Iijima et al., 2003) may shed light on the actual 

reasons for the larger soil C stocks under C. ventricosa. 
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