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Abstract 21 

Living roots and their rhizodeposits can accelerate or decelerate the decomposition of 22 

soil organic matter which refers to the rhizosphere priming effect (RPE). However, 23 

whereas plant traits are thought to be key factors controlling the RPE, little is known 24 

about how root traits representative of plant biomass allocation, morphology, 25 

architecture, or physiology influence the magnitude of the RPE. Using a natural 26 

abundance 13C tracer method allowing partitioning of native soil organic carbon (SOC) 27 

decomposition and plant rhizosphere respiration, we studied here the effects of eight C3 28 

tree species featuring contrasting functional traits on C4 soil respiration over a 204-day 29 

period in a microcosm experiment. All tree species enhanced the rate of SOC 30 

decomposition, by 82% on average, but the strength of the rhizosphere priming 31 

significantly differed among species. Mean diameter of first-order roots and root 32 

exudate-derived respiration were positively correlated with the RPE, together 33 

explaining a large part of observed variation in the RPE (R2 = 0.72), whereas root 34 

branching density was negatively associated with the RPE. Path analyses further 35 

suggested that mean diameter of first-order roots was the main driver of the RPE owing 36 

to its positive direct effect on the RPE and its indirect effects via root exudate-derived 37 

respiration and root branching density. Our study demonstrates that the magnitude of 38 

the RPE is regulated by complementary aspects of root morphology, architecture and 39 

physiology, implying that comprehensive approaches are needed to reveal the multiple 40 

mechanisms driving plant effects on the RPE. Overall, our results emphasize the 41 

relevance of integrating root traits in biogeochemical cycling models to improve model 42 



performance for predicting soil C dynamics. 43 

Keywords：13C natural abundance, C4 soil, fine roots, root functional traits, organic 44 

matter decomposition, soil organic carbon 45 
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Introduction 47 

Soil organic matter (SOM) represents the largest reservoir of organic carbon (C) in 48 

terrestrial ecosystems, holding approximately 2500 Pg C (up to 1 m depth) (Tifafi et al. 49 

2018). Therefore, even a minor change in soil organic C (SOC) stocks would have 50 

major effects on atmospheric CO2 concentration and would have potential feedback to 51 

climate (Davidson and Janssens 2006, Heimann and Reichstein 2008, Qiao et al. 2014). 52 

The size of SOC pools is largely determined by the balance between C inputs from plant 53 

production and C outputs from soil decomposers, whereas its stability is reflected in the 54 

microbial mineralization of SOC (Davidson and Janssens 2006, Cotrufo et al. 2015, 55 

Guenet et al. 2018). Soil CO2 output consists of two distinct components, rhizosphere 56 

respiration by roots and associated microbes utilizing root-derived substrates, and 57 

microbial decomposition of native SOC (Zhu et al. 2014). Historically, soil temperature 58 

and water content have been considered as the primary drivers of SOC decomposition 59 

(Davidson and Janssens 2006). However, emerging evidence indicates that plant roots 60 

and rhizosphere inputs are also major drivers of decomposition processes (Fontaine et 61 

al. 2007, Schmidt et al. 2011, Finzi et al. 2015, Keiluweit et al. 2015). The presence of 62 

live roots can accelerate or decelerate SOC decomposition via the ‘rhizosphere priming 63 

effect’ (RPE, defined as a change in SOC decomposition by the supply of root-derived 64 

substrates). For example, in the presence of living roots, SOC decomposition can 65 

decrease by up to 79% (negative RPE), or increase by as much as 500% (positive RPE), 66 

relative to rootless soil (Cheng et al. 2014, Huo et al. 2017). 67 

The magnitude, direction and duration of the RPE can be influenced by multiple 68 



factors, including plant species identity (Cheng et al. 2014, Henneron et al. 2019) and 69 

plant traits (e.g. photosynthesis rate, plant biomass and phenology; Yin et al. 2018, 70 

Henneron et al. 2019), and soil properties (e.g. soil type, nutrient availability, soil 71 

temperature and water content; Zhu and Cheng 2011, 2013, Dijkstra et al. 2013). 72 

Several hypotheses have been proposed to explain the underlying mechanisms of 73 

contrasting RPEs. Generally, positive RPEs could be explained by co-metabolism of 74 

SOC with root-released available substrates (i.e. root exudates) that stimulate microbial 75 

growth and extracellular enzyme production (Kuzyakov, 2002; Cheng and Kuzyakov, 76 

2005). Additionally, root exudates may also destabilize mineral-associated organic SOC, 77 

thereby enhancing microbial access to previously mineral-protected compounds 78 

(Keiluweit et al., 2015). By contrast, negative RPEs might occur if microbial 79 

communities switch from degrading recalcitrant SOC to utilizing energy-rich root 80 

exudates (“preferential substrate utilization hypothesis”, Cheng and Kuzyakov, 2005), 81 

or if plants and microorganisms compete for nutrients (“nutrient competition 82 

hypothesis”, Kuzyakov and Xu, 2013; Chang et al. 2020). 83 

Over the past decade, many studies have indicated that plant biomass and traits 84 

significantly influence the intensity of the RPE (Cheng et al., 2003; Pausch et al., 2013; 85 

Henneron et al., 2019). Previous studies have demonstrated that plant biomass was 86 

generally positively correlated with RPE, at least for herbaceous species (Dijkstra et al. 87 

2006, Zhu and Cheng 2013, Huo et al. 2017). Furthermore, the magnitude of the RPE 88 

is strongly influenced by the quantity and chemical composition of root exudates 89 

(Cheng et al. 2014, Wang et al. 2016), which are not only regulated by plant biomass 90 



(Zhu and Cheng 2013), but also related to some root functional traits (Meier et al. 2020, 91 

Sun et al. 2021). Root traits may indeed be particularly important drivers of the 92 

magnitude and dynamics of the RPE due to their intricate relationship with the soil 93 

matrix and microorganisms (Finzi et al. 2015, Carrillo et al. 2017, Henneron et al. 2019). 94 

Root exudation rate (approximated in the present study by the CO2 released from root 95 

exudates) is likely to be one of the strongest drivers of the RPE (Shahzad et al. 2015, 96 

Wang et al. 2016). In addition, fine roots with high metabolism (e.g. high respiration 97 

rate; Sun et al. 2021) and large surface of exchange (as represented by fine-root length; 98 

Freschet et al. 2021a) could strongly influence rhizosphere processes by changing 99 

rhizosphere properties (e.g. soil pH, nutrient status, microbial communities; Bais et al. 100 

2006, Freschet et al. 2021b). For example, species with high root length increase the 101 

contact of roots with soil and the input of C to soil (Bardgett et al. 2014). Similarly, 102 

species with a high proportion of root tips (as represented by fine-root branching density, 103 

RBD; Freschet et al. 2021b) could show increased root exudation (mostly located at the 104 

root tips; Canarini et al. 2019). As such, these traits may all be important drivers of the 105 

RPE. 106 

Recent studies further suggest that root exudation may be linked to root 107 

morphology, as observed at the intraspecific level between specific root length (SRL) 108 

and root exudation rate (positive relationship; Meier et al. 2020). Negative relationship 109 

of root tissue density (RTD) and root diameter with root exudation rate was also 110 

observed at the interspecific level (Han et al. 2020, Sun et al. 2021). However, the 111 

influence of such traits morphological traits on the RPE is likely to be largely indirect, 112 



through covariation of these traits with traits more directly linked to root exudation and 113 

the RPE, for example, root length and root respiration rate (see discussion in Freschet 114 

et al. 2021a). In support for this, several studies showed that root exudation may also 115 

be largely decoupled from both root morphology and mycorrhizal colonization (across 116 

16 crop species; Wen et al. 2019), and that root morphological traits, such as SRL and 117 

diameter, were weak predictors of the RPE (Wang et al. 2016, Henneron et al. 2019).  118 

Our understanding of root trait-RPE relationships is currently limited for several 119 

reasons. First, most studies to date on root traits-RPE relationships used a relatively 120 

small pool of species (Cheng et al. 2003, Pausch et al. 2013, Yin et al. 2020, but see 121 

Han et al. 2020). Second, although a meta-analysis can partly solve this problem by 122 

including a large pool of plant species (Huo et al. 2017), the lack of data on root 123 

morphology does not allow us to establish reliable relationships between root 124 

morphological traits and the RPE (Cheng et al. 2014, Huo et al. 2017). Moreover, 125 

studies suggesting an absence of relationship between root morphological traits and the 126 

RPE are based on observations made on herbaceous species only (Henneron et al. 2019, 127 

Wang et al. 2016) and cannot be simply extrapolated to tree species as trait-trait and 128 

trait-function relationships may differ across plant functional types (Freschet et al. 129 

2021a). Interestingly, while, in a study of 14 woody species, Han et al. (2020) observed 130 

that root functional traits such as root diameter strongly correlated with the rhizosphere 131 

effect on SOM decomposition their results included both the effect of rhizodeposits 132 

decomposition and the RPE. Finally, not accounting for trait differences between root 133 

orders may also influence root morphology-RPE relationships (Henneron et al. 2019) 134 



as root functions vary along root orders (Freschet and Roumet 2017). Particularly, first-135 

order roots show high metabolic activity and respiration rate, and host a large part of 136 

root exudation processes (Canarini et al. 2019). Therefore, we differentiated here 137 

between root traits of first-order roots, which we expected to be most strongly related 138 

to root exudation processes, and root traits of absorptive roots. 139 

The primary aim of this experiment was to examine the main drivers of root-trait 140 

effect on the RPE. To do so, the isotope-based method was used to determine RPE and 141 

identify its correlation with plant traits across woody species. Specifically, we studied 142 

the 13C isotopic signature of CO2 respired from microcosms where eight C3 tree species 143 

from different families were planted in a C4 soil. Owing to large species differences in 144 

plant biomass and a range of fine-root morphological, architectural and physiological 145 

traits, we expected that plant species would exert a strong influence on the magnitude 146 

of the RPE. We further expected that the stimulation of SOC decomposition should 147 

depend simultaneously on contrasting aspects of plant functioning, including biomass, 148 

morphology, architecture and physiology. More precisely, we tested the hypotheses that 149 

(i) among a range of tree species, high biomass, fine root length, root branching density, 150 

and root exudation rate would be the main drivers of the RPE; and that (ii) these traits 151 

would have complementary (i.e. non-redundant) effects on the RPE because of their 152 

key role in determining the amount, location and activity of the roots.  153 

 154 

Materials and methods 155 

Experimental setup 156 



The 13C natural abundance approach was used to separate plant-derived CO2-C from 157 

soil-derived CO2-C by planting C3 plants in C4 soil. The soil used in this study was 158 

collected from the plow layer (020 cm) of a farm plot that has been grown with a C4 159 

maize crop for over 23 years. The soil was air-dried, thoroughly homogenized and 160 

passed through a 4 mm mesh sieve. The soil is a clay loam (43% sand, 22% silt, 35 % 161 

clay) with a pH of 6.9. The C and nitrogen (N) concentrations were 17.3 g kg-1 and 1.5 162 

g kg-1, respectively, corresponding to a C:N ratio of 11.6. The δ13C value of C4 maize 163 

soil was 16.5‰. 164 

Eight common and relatively abundant tree species in a subtropical forest were 165 

used in this experiment (Table 1). Tree seedlings of similar size (height and diameter 166 

were c. 37.8 cm and 5.4 cm) were taken from a common garden and transplanted into 167 

polyvinyl chloride (PVC) pots (diameter 16 cm, height 40 cm), equipped with a PVC 168 

lid at the bottom. A nylon bag filled with 2 kg sand was placed at the bottom of each 169 

pot for drainage, and 6.6 kg air-dried C4 soil was packed into each pot at a bulk density 170 

of 1.27 g cm-3. Pots without plants were also included as control. There were 45 pots in 171 

total, with five replicates of each species (for Quercus acutissima, Carya cathayensis 172 

and Schima superba only four replicates were available at the end of the experiment, 173 

owing to the death of one tree replicate). We note that a ninth species, Metasequoia 174 

glyptostroboides, was also planted, but was excluded from this study due to very poor 175 

development during the experiment. The plants were left to grow for 204 days (the 176 

whole growing season, from March to October 2018, with a temperature range of 20.5 177 

to 31 ºC, 23.8 ºC on average). The pots were placed under natural conditions located at 178 



the Huitong Natural Research Station of Forest Ecosystem (26°48'N, 109°30'E) in the 179 

Hunan province, central China. Local mean annual temperature and precipitation are 180 

16.5 ºC and 1200 mm. The soil moisture in each pot was measured gravimetrically and 181 

maintained at 80% of its water holding capacity via regular watering and the use of a 182 

rain shelter to exclude rainfall during rain events.  183 

 184 

Analysis of CO2 fluxes 185 

We measured the total respiration of the plant-soil system from each pot with an air-186 

tight, opaque CO2 chamber trapping system (Figure S1). The dark conditions inside the 187 

chamber prevented photosynthesis and, thereby, the uptake of CO2 by the plant 188 

(Shahzad et al. 2015). The CO2 released by the plant-soil systems was quantified by 189 

taking air samples from chambers on day 54, 90, 120 and 204 after planting. 190 

Specifically, two holes were punched on the top of PVC chamber lids and installed with 191 

bulkhead connectors. Polyurethane tubes were used for linking the bulkhead connectors 192 

with a manual valve. Pots were placed inside the PVC chamber (diameter 20 cm, height 193 

100 cm) and the chambers were flushed by circulating air for 5 minutes to ensure a 194 

common CO2 starting point, using an air compressor. An air sample was taken to 195 

measure the initial CO2 concentration, then chambers were sealed immediately by 196 

closing the manual valve. After 48 h, the gas was collected using a portable Gas 197 

sampling pump and stored in a pre-evacuated Gas sampling bag, and pots were taken 198 

out of the chamber. Dark incubations of 48 h or less prevent the substantial decrease in 199 

root activity and soil respiration typically observed for longer incubations (Kuzyakov 200 



and Cheng 2001). The CO2 concentration and δ13C were analyzed by a High-precision 201 

Isotopic CO2 Cavity Ring-Down Spectrometer (CRDS) (Picarro G2131-i Analyzer, 202 

Picarro, Inc., Santa Clara, CA, USA). The amount of CO2 derived from the plant-soil 203 

system respiration and its δ13C were obtained by correcting for the initial atmospheric 204 

CO2 (Wang et al. 2016). 205 

 206 

Harvest and Measurements 207 

The pots were destructively harvested 204 days after the planting of tree seedlings 208 

(Figure S2). Plant shoots were cut off at the base, then the pots were cut into two halves 209 

longitudinally to ensure the structural integrity of root systems. We shook the root 210 

system gently until only well-attached soil remained on the root system and carefully 211 

collected the soil still adhering to the roots (Figure S1), which was defined as 212 

rhizosphere soil (Phillips et al. 2006, Sun et al. 2021). Bulk soil was collected from 213 

unplanted treatment. Rhizosphere and bulk soil respiration were measured during 12 h 214 

incubation at 25 ºC (Wang et al. 2016). Briefly, 10 g of soil (either fresh rhizosphere or 215 

bulk) was weighed into a 1 L Mason jar and gas was collected 12 h after sealing using 216 

a portable gas sampling pump and stored in a pre-evacuated gas sampling bag. Previous 217 

results typically assume that the amount of root exudate is proportional to root-derived 218 

CO2 (Ataka et al., 2020). Another proxy for the amount of root exudate can be measured 219 

as the respired CO2 derived from rhizosphere soil within a few hours after sampling, as 220 

this respiration should be strongly related to the microbial utilization of root exudates 221 

(Fischer et al., 2010; Wang et al., 2016). Here, we tried to refine these relatively rough 222 



proxies to more accurately estimate root exudation. As such, in our study, eight C3 tree 223 

species were planted in C4 soil, so we were able to use the 13C natural tracer approach 224 

to further partition root exudate-derived CO2 (C3-C) from rhizosphere soil-derived CO2 225 

(C4-C). The CO2 concentration and δ13C value of respired CO2 were also analyzed by a 226 

High-precision Isotopic CO2 CRDS, as described above. 227 

After harvest, plant roots were gently washed with deionized water to remove 228 

residual soil particles adhering to roots. The root samples were stored in clean plastic 229 

bags and frozen at -20 ºC until subsequent morphology and architecture measurements. 230 

Root orders were described and dissected according to stream ordering system, where 231 

the most distal roots are first order and where second-order roots begin at the junction 232 

of two first-order roots and so on (Pregitzer et al. 2002, McCormack et al. 2015). Roots 233 

from each order were scanned in deionized water using a clear water tray at 600 dpi on 234 

a Microtek i800 plus scanner and analyzed with WinRhizo (Regent Instruments, 235 

Quebec, Canada). Root length, diameter, and root volume can be directly obtained 236 

through WinRhizo software output. However, root volume was recalculated from the 237 

sum of the volumes of all diameter classes, as the volume provided by Winrhizo is 238 

strongly biased (Freschet et al. 2021a). All plant samples were oven-dried at 65 ºC for 239 

3 days to constant weight and weighed. 240 

Specific root length was calculated on first-order roots and on absorptive roots (the 241 

first three root branch order following a morphometric classification; McCormack et al. 242 

2015) by dividing the length of these root entities by their oven-dried mass (m g-1). For 243 

these same root entities, root tissue density was calculated as the dry mass of root per 244 



unit volume of fresh root (g cm-3), root length density was calculated as the length of 245 

root per unit soil volume (cm cm-3). Root branching density was expressed as the 246 

number of first-order laterals per centimeter of second order root (cm-1) to allow for 247 

comparison with the literature (such as Eissenstat et al. 2015). Root exudate-derived 248 

respiration (C3-C) was calculated by subtracting the CO2 efflux of the rhizospheric soil 249 

(C4-C) from the total CO2 efflux, as further described below, and was denoted as mg C 250 

kg-1 soil d-1. 251 

 252 

Calculations 253 

The total respiration of the plant-soil system was calculated for each pot and 254 

harvest date as follows: 255 

𝑅୲୭୲ୟ୪ =
𝐶 × 𝑉 ×  𝑀

22.4 × 𝑊 × 𝑡 
/(

273

273 + 𝑇
) 256 

where R is the CO2 efflux (µg C kg1 soil day1); C is the measured CO2 concentration 257 

(ppm); V is the effective volume of a PVC chamber (21.3 L); M is the molar mass of C 258 

(12 g mol1); W is the dry weight of soil (g); t is the time of CO2 accumulation (day); 259 

and T is the temperature (ºC) of incubation.  260 

We partitioned the total CO2 efflux (Rtotal) (mg C kg-1 soil d-1) of the plant-soil 261 

system incubation into SOC decomposition (Rsoil) and plant-derived CO2 (Rplant) using 262 

a two-source isotopic mixing-model: 263 

𝑅ୱ୭୧୪ = 𝑅୲୭୲ୟ୪ ×
(δଵଷ𝐶୮୪ୟ୬୲ − δଵଷ𝐶୲୭୲ୟ୪)

(δଵଷ𝐶୮୪ୟ୬୲ − δଵଷ𝐶ୱ୭୧୪)
 264 

𝑅୮୪ୟ୬୲ = 𝑅୲୭୲ୟ୪ − 𝑅ୱ୭୧୪  265 

where δ13Ctotal and δ13Csoil are δ13C values of CO2 emitted from planted and 266 



unplanted treatment at each sampling date, respectively, and δ13Cplant is the δ13C value 267 

of root respiration. Previous studies showed that the separation of root- and SOM-268 

derived CO2, as a prerequisite to calculate RPE, often involves the assumption that the 269 

net isotopic fractionation during respiration processes is negligible (Schnyder and 270 

Lattanzi, 2005; Dijkstra et al., 2010; Henneron et al. 2019). However, isotopic 271 

fractionation between root tissue and root-respired CO2 has been increasingly 272 

recognized (Zhu et al., 2011; Yin et al., 2018). Therefore, we used the 13C value of root 273 

respiration in this study, i.e. we considered the δ13C fractionation between root-derived 274 

CO2–C and root biomass. Rplant includes both the plant autotrophic respiration and the 275 

respiration of C contained in rhizodeposits by soil micro-organisms. The average 276 

δ13Cplant ranged from −32.4‰ to −28.1‰ across species (Table S1), with an average 277 

difference of 13.6‰ relative to δ13Csoil (−16.5‰). The RPE was calculated by 278 

subtracting the CO2 derived from unplanted soil from the SOM-derived CO2 of the 279 

planted soil (mg C kg-1 soil d-1): 280 

PRE = 𝑅ୱ୭୧୪(୮୪ୟ୬୲ୣୢ) − 𝑅 ୱ୭୧୪(୳୬୮୪ୟ୬୲ୣୢ ) 281 

The average daily Rsoil, Rplant and RPE were calculated as the average of all four 282 

sampling dates. 283 

Rhizospheric soil respiration (Rrhizospheric soil) and root exudate-derived respiration 284 

(Rexudates) were further calculated based on the incubation of rhizospheric soil sampled 285 

at the end of the experiment. We partitioned the total CO2 efflux (Rsum) (mg C kg-1 soil 286 

d-1) of the rhizospheric soil incubation using a two-source isotopic mixing-model:  287 

 𝑅୰୦୧୸୭ୱ୮୦ୣ୰୧ୡ ୱ୭୧୪ = 𝑅ୱ୳୫ ×
൫ஔభయେ౛౮౫ౚ౗౪౛౩ ିஔభయ஼౩౫ౣ൯

(ஔభయେ౛౮౫ౚ౗౪౛౩ ିஔభయେౘ౫ౢౡ ౩౥౟ౢ)
  288 



𝑅ୣ୶୳ୢୟ୲ୣୱ = 𝑅ୱ୳୫ − 𝑅୰୦୧୸୭ୱ୮୦ୣ୰୧ୡ  ୱ୭୧୪  289 

where δ13Csum and δ13Cbulk soil are δ13C values of CO2 emitted from the incubation of 290 

rhizospheric (planted treatment) and bulk soil (unplanted treatment), respectively; 291 

δ13Cexudates is the δ13 value of δ13Croot (‰). Based on a previous study on three tree 292 

species sampled five times along the year (Gougherty et al. 2018), where an average 293 

difference of 1.2‰ was observed between δ13Cexudates and δ13Croot, we conducted a 294 

sensitivity analysis to estimate the consequence of using δ13Croot as a proxy for 295 

δ13Cexudates on root-exudate respiration values and relationships between root-exudate 296 

respiration and RPE, and observed a relatively limited impact (Table S2, S3). 297 

 298 

Statistical analysis 299 

To comply with normality and homogeneity assumptions of all parametric tests, root 300 

tissue density, root length and root length density of first-order roots and absorptive 301 

roots were log10-transformed. Two-way ANOVA was used to assess the effects of plant 302 

species, sampling time and their interaction on the level of RPE among species. One-303 

way ANOVA with Tukey’s HSD post-hoc tests were further used to compare plant 304 

above and belowground biomass and traits among different species. A correlation 305 

analysis was carried out to test collinearity among all these plant variables (Table S6). 306 

The absence of relationship between plant biomass variables and traits indicated the 307 

likely absence of allometric effects of plant size on trait values. The relationships 308 

between all of these plant variables and the RPE was first tested using univariate linear 309 

regression analyses. Then, a cut-off of R2 > 0.4 was used to retain variables with highest 310 



explanatory power on RPE in univariate regressions (namely, mean diameter of first-311 

order roots, root branching density and root exudate-derived respiration) and conduct 312 

multivariate regressions. All possible combinations of these retained variables were 313 

used in multiple linear regression models to test their potential to explain the variance 314 

in RPE (no collinearity issue was detected among these variables, with all pairwise 315 

Pearson correlation coefficients < 0.6). The best models were selected based on 316 

corrected Akaike information criterion (AICc). Statistical analyses for all data were 317 

carried out using SPSS version 16.0 (SPSS Inc., Chicago, Illinois, USA) and the 318 

significance level was set at P < 0.05. 319 

Additionally, we used path analysis (Shipley 2015) to develop and test hypotheses 320 

regarding the causal relationships between plant traits that showed (marginally-) 321 

significant univariate relationships with the RPE. Our initial hypothesized causal 322 

structure (Figure 4a) generally reflects the idea that plant investment towards first-order 323 

roots (via high root biomass of first-order root and high root branching density) that 324 

increases the presence and distribution of first-order roots highly active in exuding 325 

compounds would stimulate soil carbon priming, as discussed earlier in this manuscript. 326 

The same initial model including traits measured on absorptive roots rather than first-327 

order roots was also tested. These two versions of the initial model were then strongly 328 

adapted, based on results of univariate relationships between root traits and the RPE to 329 

obtain a final model that successfully accounted for the patterns of conditional 330 

dependencies in the data. Path coefficients that were not statistically different from zero 331 

were removed unless they had clear biological justifications and increased the fit of the 332 



model. We maintained two such marginally non-significant path coefficients in the final 333 

model (Figure 4). Acknowledging the poor fit of models including the root length 334 

variable, this variable was replaced by two of its component traits, mean root diameter 335 

and specific root length. We used the ‘sem’ function in the ‘lavaan’ package of R 336 

(Rosseel 2012). The data were fitted to the models using the maximum likelihood 337 

estimator with standard errors and Chi-square test statistic. We conducted all statistical 338 

analyses within the R statistical environment (Version 4.0.5, R Core Development Team, 339 

2021-03-31). 340 

 341 

Results 342 

Substantial interspecific variation among plant biomass and root functional traits 343 

The eight species used in this study exhibited a wide range of plant biomass and root 344 

trait values (Table S4). All 19 measured plant characteristics differed significantly 345 

among species (P < 0.0001, Table 1), except for two, root branching density and 346 

rhizosphere soil respiration. Across the eight species, there was a 3–45-fold variation in 347 

plant biomass, first-order root biomass showed the largest variation (CV= 100.6%), 348 

aboveground biomass had the lowest variation (CV = 40%). Root morphological traits 349 

showed 2–43-fold variation, and ranged from a CV of 27% for first-order root diameter 350 

to a CV of 82% for absorptive specific root length. Root branching density and root 351 

exudate-derived respiration showed similar variation (CVRBD = 23.8% vs. CVroot exudate= 352 

21.9%). Also, a similar range of variation was found for composite (biomass-related) 353 

root traits (coefficient of variation ranging between 137% and 143%). By contrast, 354 



rhizosphere soil respiration had the lowest cross-species variation (CV = 5.9%) among 355 

plant biomass and root functional traits. 356 

 357 

CO2 efflux and primed SOC 358 

The total CO2 efflux of the plant-soil system showed a similar trend across all eight 359 

species, that is, an initial decrease in soil CO2 efflux, then an increase up to the 360 

maximum value on day 120, then again a decrease over time (Figure 1). The magnitude 361 

of plant-derived CO2, the total CO2 efflux and primed C were all significantly affected 362 

by sampling time (Table S5). In addition, all of these soil parameters were influenced 363 

by species identity (Table S5).  364 

Over the 204 days of plant growth, the eight treatments with plants all exhibited 365 

higher soil CO2 production relative to the unplanted control. Mean daily CO2 366 

production from the unplanted control was 1.08 mg C kg-1 soil day-1, against 2.90 mg 367 

C kg-1 soil day-1 on average in planted pots. This ranged from 2.67 (Schima superba) to 368 

4.13 mg C kg soil day-1 (Cunninghamia lanceolata) depending on the species (Figure 369 

2a). All species induced a positive RPE, corresponding to an acceleration of SOC 370 

decomposition compared to the unplanted control over the entire experimental period 371 

(Figure 2a). There were significant differences in RPE among species with values 372 

ranging from 0.75 to 1.03 mg C kg soil day-1 during the entire experimental period 373 

(Figure 2a). The magnitude of RPE was also significantly affected by sampling time 374 

and the interaction between sampling time and plant species (Figure 2b). Over the 204 375 

days of growth, compared to the unplanted treatment, the presence of plants stimulated 376 



the decomposition of SOC by 82 % on average, with the lowest for Triadica sebifera 377 

(70%) and the highest for Cunninghamia lanceolata (96%) (Figure 2b). However, there 378 

was no significant difference in the RPE between ECM and AM tree mycorrhizal type 379 

(Figure S3). 380 

 381 

Plant biomass and root traits as potential drivers of the RPE 382 

Three plant traits, including aspects of root morphology, architecture and physiology 383 

were significantly or marginally-significantly related to the RPE (Table 2; Figure 3). 384 

This included positive relationships between the RPE and mean diameter of first-order 385 

roots (MRD1st; R2 = 0.61, P = 0.02) and root exudate-derived respiration (R2 = 0.42, P 386 

= 0.08). The RPE was also negatively related to RBD (R2 = 0.52, P = 0.04). Interestingly, 387 

there was no relationship between plant growth rate and the PRE (R2 = 0.00, P = 0.92) 388 

and the type of mycorrhizal association did not influence the RPE (P = 0.86).  389 

Considering all plant traits together, the combination of MRD1st and RBD 390 

appeared most relevant to explain the RPE (R2 = 0.72, P = 0.043; Table 3). Further, a 391 

path analysis of causal relationships between root traits and the RPE provided a more 392 

detailed picture of potential relationships occurring between root traits and the RPE (R2 393 

= 0.79, P = 0.947, CFI = 1.00, RMSEA = 0.00). This analysis revealed that part of the 394 

relationship between MRD1st and the RPE was indirect (Figure 4b). The main driver of 395 

RPE was MRD1st with both a substantial direct effect and indirect effects via its 396 

influence on root exudate-derived respiration, specific root length of first-order roots 397 

(SRL1st) and RBD. 398 



 399 

Discussion 400 

The main objective of this study was to investigate how plant traits, with a particular 401 

focus on root traits, affect soil organic carbon decomposition through rhizosphere 402 

priming effects. In contrast with most previous studies, either focusing on grass species 403 

(Shahzad et al. 2015, Wang et al. 2016, Henneron et al. 2019) or on few tree seedlings 404 

(Cheng et al. 2014, Yin et al. 2018, 2020), we used here a relatively larger pool of eight 405 

tree species featuring contrasting functional traits. Our findings provide preliminary 406 

evidence that the magnitude of rhizosphere priming effects is influenced by several root 407 

traits related to aspects of root morphology, architecture and physiology and illustrate 408 

how measuring comprehensive sets of plant traits is necessary to adequately capture the 409 

effects on plants on soil functioning.  410 

 411 

Rhizosphere priming on soil C decomposition 412 

The average stimulation of SOC decomposition by our eight tree species, by 82% on 413 

average, is higher than that the 59% observed by Huo et al. (2017) in a meta-analysis 414 

of 31 studies on RPE, but similar to the 77% recorded for tree species only. Overall, our 415 

and previous results on RPE suggest that RPE may be most positive in the presence of 416 

tree roots as compared to roots of other plant types. However, it remains unclear how 417 

this related to differences in the quantity and quality of root-derived organic matter 418 

between tree and herbaceous species (Wang et al., 2016; Girkin et al., 2018). 419 

Interestingly, this difference may not be simply linked to a difference in mycorrhizal 420 



association – trees typically showing either or both of ECM and AM associations as 421 

compared to herbaceous species typically associating with AM fungi only. Indeed, 422 

while previous studies have suggested a potential role of mycorrhiza and the type of 423 

mycorrhizal association in RPE processes (Paterson et al., 2016; Frey 2019, Yin et al. 424 

2021), here we did not observe a difference in RPE between ECM and AM tree 425 

mycorrhizal type. This is despite ECM roots tend to provide more C to the rhizosphere 426 

and have a greater capacity to produce extracellular enzymes than AM roots, suggesting 427 

that ECM roots should typically induce higher RPE than AM roots (Brzostek et al. 2015, 428 

Kumar et al. 2020). Overall, the reasons behind a potentially stronger effect of tree 429 

species on RPE remain uncertain and call for renewed research in this direction. 430 

In contrast to the relatively consistent RPE effect observed here among our eight 431 

tree species (from 70% to 96%), other reports of RPE found in the literature present 432 

highly variable values, ranging from a 79% decrease (Thurgood et al. 2014) to an 433 

increase of over 500% in SOC decomposition (Dijkstra and Cheng 2007, Shahzad et al. 434 

2015). Even when considering studies focusing on tree species only the observed 435 

variation in RPE was considerably higher than this observed here. For instance, among 436 

three tree species, Yin et al. (2018) and Bengtson et al. (2012) observed RPE ranging 437 

from 26% to 146%, and from 152% and 244%, respectively. It should be noted that in 438 

the present study the lack of light during the measure of total respiration (48 h) from 439 

plant-soil system, motivated by the need to stop plant absorption of soil respired-CO2, 440 

also likely led to an underestimation of the true RPE. During prolonged darkness or 441 

shading, the amount of photosynthates progressively decreases, which negatively 442 



affects root exudation, and therefore potentially reduces the magnitude of the RPE as 443 

compared to natural light conditions (Kuzyakov and Cheng 2004, Tang et al. 2019). For 444 

example, the magnitude of the RPE under 40% of ambient full light was only 71% that 445 

observed under full light (Chang et al. 2020). Besides, there is some evidence that the 446 

effect of light intensity may be further modulated by plant species identity and traits (Li 447 

et al. 2020). Additionally, our method also likely slightly underestimates the true RPE 448 

due to its inability to detect primed C of very old organic matter dating from before the 449 

23 years of C4 plant cultivation. 450 

We found that the magnitude of RPE was significantly affected by the sampling 451 

time, in line with previous studies (Zhu et al., 2011; Wang et al., 2016; Wang et al., 452 

2020). However, the lack of destructive sampling at different stages does not allow to 453 

explore how the dynamics of plant above- and belowground traits influence the 454 

magnitude of RPE. Along the duration of the experiment, the similar trend observed 455 

across all species of a peak of RPE after 120 days of plant growth suggests that the 456 

initial phase of plant growth was key in stimulating the RPE. This points out to a 457 

potential coupling between plant root phenology and the RPE. The following decrease 458 

observed across all species could be further interpreted as a lower impact of plants on 459 

the RPE once the pot has been fully colonized by roots. Growing root tips are indeed 460 

known to be very active in increasing root C inputs to soil (Paterson et al. 2006) and 461 

may therefore contribute disproportionately to RPE as the plant initially expands 462 

dramatically its root system to explore the surrounding soil volume. While 463 

environmental conditions could have played a role in these temporal patterns by 464 



influencing plant relative growth rate, we did not observe an influence of relative 465 

growth rate on the RPE. Overall, it remains unclear whether that consistent trend of an 466 

early peak of RPE could represent an artefact of experimental manipulation or a realistic 467 

consequence of an actively growing root system and requires further testing. 468 

Rhizosphere priming often has greater impact on the decomposition of soil C than 469 

the general priming effect induced by additions of substrates (e.g. glucose, plant 470 

residues) other than root exudates. Two meta-analyses have reported that on average, 471 

the general priming effect may speed the decomposition of SOC by c.14% (Luo et al. 472 

2015) or 27% (Zhang et al. 2013). By contrast, the average value of 82% RPE from our 473 

current study are 3-6 times higher than their values. In an experiment quantifying the 474 

priming effect of leaf litter additions from 15 tree species including some of the same 475 

species as studied here, Chao et al. (2019) also observed an average priming effect of 476 

11%, that is, a value 86% lower than the RPE recorded here. This difference may have 477 

several causes. First, the rhizosphere is the hot spot of root exudation, and the total 478 

amount of C entering the soil via root exudation is likely higher than C inputs from 479 

plant yearly litter productions in this study would be higher than this of litter input 480 

realistic studies of litter addition. In addition, root exudation of carbohydrates, which 481 

could be preferentially utilized by soil microbiota, may arguably be able to alleviate 482 

energy limitation in microbial activity more consistently along time and therefore to 483 

stimulate SOC decomposition (Finzi et al. 2015, Soong et al. 2020) more efficiently 484 

than discrete litter inputs to soils. Third, the presence of plants generally increases SOC 485 

decomposition due to the destruction of soil aggregates by living roots, as compared 486 



the sole release of exudates (e.g. Bengtson et al. 2012), which leads to lower physical 487 

protection of soil organic matter and a greater release of mineral-protected C for 488 

microbial decomposition (He et al. 2020, Wang et al. 2020). Fourth, plant roots release 489 

oxalic acid and other organic acids, which have strong metal chelators abilities and can 490 

further disrupt mineral-organic associations (Keiluweit et al. 2015). Finally, the uptake 491 

of nutrients by roots could induce microbial growth to be limited by nutrients (rather 492 

than C or energy provided by rhizodeposition), thereby leading microbes to decompose 493 

nutrient-rich SOM to acquire nutrients: the mining hypothesis (Craine et al. 2007). 494 

Overall, the consistently high RPE observed here across eight contrasting species of 495 

trees and the much higher effect as compared to soil priming effects due to litter input 496 

suggest that several of these processes are likely to happen concomitantly to determine 497 

the major role of the RPE in global C cycling processes.  498 

 499 

Root traits control rhizosphere priming 500 

Our results only poorly support our first hypothesis that the RPE positively 501 

covaries with high biomass, fine root length, root branching density and root exudation 502 

rate. Taken individually, only high root exudate-derived respiration, considered as 503 

representative for root exudation rate, induced a marginally higher RPE. Since the role 504 

of root exudates in driving the RPE is well documented (e.g. Wang et al. 2016, 505 

Henneron et al. 2019), this result suggests that our estimate of CO2 released during an 506 

incubation of rhizospheric soil may not have accurately reflected the effects of root 507 

exudates on the RPE (but see Henneron et al. 2019). One reason for this is that our 508 



rhizospheric soil, sampled at the end of the experiment, had already experienced 509 

substantial priming during the 204 days of plant growth and may not well represent 510 

what has happened during the experimental period. Second, the rhizospheric soil is 511 

incubated in Mason jar where no live root exudation is taking place, as compared to the 512 

pots with live plants. Therefore, the root exudate-derived respiration appears unable to 513 

capture the short-term effect of root exudation. 514 

Whereas most of our hypothesized root trait effects were non-significant, we 515 

observed a negative relationship between the RPE and root branching density. We 516 

expected that higher root branching density would be mainly representative of higher 517 

root tip numbers and therefore higher potential exudation capacities, but lower 518 

branching density might also enable larger soil volume exploration and thus be most 519 

effective for enhancing root effects on a larger soil volume (Freschet et al. 2021b). 520 

Additionally, a high root branching density contributes to greater enmeshment of soil 521 

particles and increases soil aggregate stability, which may play a non-negligible role in 522 

limiting SOC mineralization rates (Poirier et al. 2018).  523 

In support for our second hypothesis, the three root traits that influenced the RPE 524 

to some extent (i.e. mean diameter of first-order roots, root branching density and root 525 

exudate-derived respiration) represented three complementary aspects of root structure 526 

and function (morphology, architecture and physiology, respectively). Mean diameter 527 

of first-order roots represents the type of economics strategy of the root (e.g. the reliance 528 

on mycorrhizal association; Bergmann et al., 2020), whereas root branching density is 529 

a key driver of the strategy of root to explore versus exploit the soil volume, and root 530 



exudate-derived respiration relates to the activity of the roots per unit mass of root 531 

deployed. However, surprisingly, we found no relationship between any measure of 532 

plant biomass (e.g. specific organ biomass, total biomass) and the RPE. This is in 533 

contrast to a recent meta-analysis showing that plant total and aboveground biomass 534 

were correlated with the RPE (Huo et al. 2017). Indeed, plants that have higher biomass 535 

may generally allocate more labile C into soil surrounding the root and thereby intensify 536 

the mineralization of native soil C (Dijkstra et al. 2006). Nonetheless, different species 537 

differ in a broad range of root traits (Sun et al. 2021, Freschet et al. 2021a) and in their 538 

nutrient use efficiency (Henneron et al. 2020), so that estimates of plant biomass may 539 

not always reflect well plant nutrient requirements and acquisition, and consequently 540 

their influence on soil C priming. Moreover, plant biomass and growth rate were 541 

relatively similar in this study, reducing therefore the potential for these parameters to 542 

influence the RPE. 543 

Among our eight tree species, the strongest predictor of the RPE was the mean 544 

diameter of first-order roots, possibly due to its central position in the network of root 545 

trait relationships. Particularly, higher mean diameter of first-order roots negatively 546 

influences root branching density (Eissenstat et al. 2015), as also observed here, and 547 

this has positive consequences for the RPE, as revealed by our path analysis. Among 548 

our tree species, higher mean diameter of first-order roots also positively influences 549 

root exudate-derived respiration, indicating a potentially higher production of exudates, 550 

also with positive consequences on the RPE. This positive relationship may have 551 

several causes. First, higher mean diameter of first-order roots implies higher 552 



proportion of cortex tissues in the root, and therefore higher metabolic activity of the 553 

root with potential link to exudation processes (Ding et al., 2019; Freschet et al., 2021b; 554 

Kong et al., 2019). Second, higher mean diameter of first-order roots may imply higher 555 

reliance of thicker roots on mycorrhizal colonization (Kong et al., 2014; Paterson et al. 556 

2016, Bergmann et al. 2020), increased transfer of carbon to the fungal symbiont and 557 

increased mycorrhizal fungi exudation. Part of the increased root exudate-derived 558 

respiration observed in thicker roots may indeed be attributed to the action of 559 

mycorrhizal fungi fed by plant carbon allocation as mycorrhizal fungi have an important 560 

role in enzyme exudation and soil carbon priming (Bradford 2014, Yin et al. 2020). 561 

Mycorrhizal associations are indeed an efficient way to increase the volume of soil 562 

under influence of the root system and have particular abilities to degrade SOC (Frey 563 

2019, Yin et al. 2021), which will require further attention in future studies exploring 564 

the drivers of root effect on the RPE.  565 

 566 

Conclusion 567 

We demonstrated here that several aspects of root structure and function (i.e. mean 568 

diameter of first-order roots, root branching density and root exudate-derived 569 

respiration) have complementary influences on the magnitude of the RPE. This work 570 

illustrates how measuring comprehensive sets of plant traits, including aspects of plant 571 

root morphology, architecture and physiology, is necessary to adequately capture the 572 

effects of plants on soil functioning. However, future assessment will need to further 573 

include one potentially important aspect of root effect on the RPE, that is, plant reliance 574 



on mycorrhizal colonization and mycorrhizal traits. Nonetheless, we identified a central 575 

role for the mean diameter of first-order roots, potentially via its influence on several 576 

other traits with likely more direct link to soil carbon priming. As first-order root 577 

diameter can be routinely measured, the role of this trait in plant RPE could offer a 578 

rough but useful first estimation of the RPE, if confirmed over wider range of species 579 

and environmental conditions.  580 

Overall, our results confirm the potential use of root traits to predict the integrated 581 

response of soil C dynamics to changes in species composition under future climate 582 

change (Cheng et al. 2014, Finzi et al. 2015, Henneron et al. 2020). Although our use 583 

of a non-native soil (the C4 soil) and small tree seedlings planted in pots likely 584 

misrepresent the influence of mature trees grown in field ecosystems (Mokany and Ash 585 

2008, Freschet et al. 2017, Yin et al. 2018), they yield promising results that should 586 

open the way to further experiments with larger number of species and more realistic 587 

field conditions. 588 
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Figure Captions: 848 

Figure 1 Change in CO2 efflux from microcosms induced by eight plant species along 849 

204 days of growth. CO2 efflux from an unplanted control (black lines with squares), 850 

as well as the total CO2 (red lines with circles), soil-derived CO2 (blue lines with 851 

triangles), plant-derived CO2 (pink lines with inverted triangles) and priming of SOC 852 

(green lines with diamonds) induced by plants are represented for each species. Values 853 

are mean ± SE.  854 

Figure 2 Mean daily (a) soil organic matter (SOM-)derived CO2, plant-derived CO2 855 

and CO2 associated to the primed C (data above the bars), (b) rhizosphere priming effect, 856 

and (c) root exudate-derived CO2 along the 204 days of growth in planted treatments. 857 

Sub-legend shows ANOVA P values. Values are mean ± SE; n=5 for all treatments 858 

except for n=4 for Quercus acutissima, Carya cathayensis and Schima superba 859 

treatments.  860 

Figure 3 Relationships between the rhizosphere priming effect and (a) mean first-order 861 

root diameter, (b) root branching density, and (c) root exudate-derived respiration. The 862 

means of each species are plotted and error bars represent±SE; n=5 for all treatments 863 

except for n=4 for Quercus acutissima, Carya cathayensis and Schima superba 864 

treatments. Strength (R2) and significance (P) of linear regressions are displayed when 865 

(marginally-) significant. The filled areas indicate the 95% confidence interval. 866 

Figure 4 (a) Initial and (b) final path models of the influence of plant belowground 867 

traits on the rhizosphere priming effect (RPE). The initial path model shows a 868 

significant misfit, whereas the final most probable path model shows no significant 869 



misfit between the empirical data and the causal structure specified by the models. 870 

Boxes are measured variables and arrows represent hypothesized causal links. 871 

Regarding the final path model (b.), values on the lines are the standardized path 872 

coefficients between the causal variable and the caused variable. All path coefficients 873 

are significantly different from zero (solid lines), or marginally significant where P-874 

values are displayed next to path coefficients (dashed lines). The R2 represent the 875 

percentage of variance explained by the causal variables. Green and orange lines 876 

indicate positive and negative relationships, respectively. Thickness of the lines is 877 

proportional to the strength of path coefficients. For all traits, we used the average value 878 

of five individuals per species. Rexudates is root exudate-derived respiration; SRL1st is 879 

specific root length of the first-order roots; MRD1st is mean root diameter of the first-880 

order roots; RBD is root branching density; RB1st is biomass of the first-order roots; 881 

RTD1st is root tissue density of the first-order roots; RL1st is root length of the first-order 882 

roots.  883 



Table 1 Plant biomass and root functional traits at the end of the experiment. Values 884 

represent means ± SE; n=5 for all treatments, except for Quercus acutissima, Carya 885 

cathayensis and Schima superba treatments where n=4. Different letters indicate 886 

significant differences among species (post hoc TukeyKramer honest significant 887 

difference (HSD) test, P < 0.05). ECM, ectomycorrhizal; AM, arbuscular. 888 

 889 

Species 
Liquidambar 

formosana 

Quercus 

acutissima 

Carya 

cathayensis 

Cunninghami

a lanceolata 

Ginkgo 

biloba 

Schima 

superba 

Triadica 

sebifera 

Zanthoxylum 

bungeanum 

CV 

(%) 

Family  Altingiaceae Fagaceae Juglandaceae Cupressaceae Ginkgoaceae Theaceae Euphorbiaceae Rutaceae  

Growth form 
Deciduous 

broadleaf 

Deciduous 

broadleaf 

Deciduous 

broadleaf 

Evergreen 

broadleaf 

Deciduous 

broadleaf 

Deciduous 

broadleaf 

Deciduous 

broadleaf 

Deciduous 

broadleaf 

 

Mycorrhizal types ECM ECM ECM  AM AM AM AM AM  

Plant biomass          

Plant total biomass (g per pot) 4.31.0a 9.61.3b 12.01.7bc 15.01.9c 7.20.4ab 3.80.3a 11.10.7bc 7.10.4ab 40.9 

Aboveground biomass (g per pot) 2.80.6a 5.01.0ab 7.80.9c 8.20.7c 4.10.3a 2.60.3a 6.80.4bc 4.00.2a 40.0 

Belowground biomass (g per pot) 1.50.4ab 4.50.6cd 4.20.8bcd 6.71.2d 3.20.2abc 1.20.1a 4.30.5bcd 3.10.2abc 44.1 

Leaf biomass (g per pot) 0.20.1ab 0.40.1cd 1.50.4bc 4.00.4d 1.10.1abc 0.50.1a 2.60.1bcd 1.20.1abc 78.6 

First-order root biomass (g per pot) 0.010.0a 0.020.0a 0.010.0a 0.280.1bc 0.100.0ab 0.010.0a 0.390.1c 0.440.1c 100.6 

Absorptive root biomass (g per pot) 0.060.0a 0.210.0ab   0.09a  1.670.4c  0.890.1abc  1.020.3bc  1.60c  1.660.2c 63.7 

          

Morphological root traits          

Mean first-order root diameter (mm) 0.370.0ab 0.500.1cd 0.350.1a 0.580.0d 0.760.0e 0.410.0abc 0.330.0a 0.490.0bcd 27.0 

Mean absorptive root diameter (mm) 0.640.08ab  0.900.08b  0.570.07ab  0.880.08b  1.240.07c  1.630.14d  0.420.01a  0.730.01ab  41.4 

First-order root tissue density (g cm-3) 0.080.01a  0.220.06bc  0.060.01a  0.130.01ab  0.070.00a  0.240.04c  0.100.01a  0.080.01a  51.5 

Absorptive root tissue density (g cm-3) 0.140.03a  0.280.02c  0.120.02a  0.230.02bc  0.160.01ab  0.370.02d  0.14 0.01a 0.160.02ab  40.1 

First-order specific root length (m g-1) 116.211.5c 33.45.4ab 211.221.0d 29.61.8a 30.00.7ab 37.011.3a 118.86.5c 77.712.4bc 66.6 

Absorptive specific root length (m g-1) 55.5515.1bc  7.991.5a 69.1214.1c  10.921.0a  8.340.6a  1.490.6a  64.645.1bc  33.452.9ab  81.8 

          

Architectural root traits          

Root branching density (cm-1) 3.250.54  2.650.70  3.320.70  1.760.21   2.470.33   3.851.03   2.970.32  1.970.15  23.8 

          

Physiological root traits          

Root exudate-derived respiration  

(mg C kg-1 soil d-1) 
0.420.10ab  0.590.09b  0.370.02ab  0.490.05ab  0.490.03ab  0.340.02ab  0.300.06a  0.340.04ab  21.9 

Rhizosphere soil respiration  

(mg C kg-1 soil d-1) 
2.300.08  2.160.13  2.460.11  2.360.13  2.280.12  2.080.08  2.050.04  2.340.09  5.9 

          

Composite (biomass-related) root traits          

First-order root length (m) 1.120.2a 0.480.1a 2.410.5a 8.042.1a 3.000.5a 0.540.2a 45.875.7c 31.392.2b 137.2 

Absorptive root length (m) 2.040.39ab 1.040.20a 4.830.92bc 15.113.69d 5.860.78c 0.900.23a 87.667.20e 50.102.71e 138.9 

First-order root length density (cm cm-3) 0.010.003a  0.010.001a  0.030.006a  0.100.026a  0.040.006a  0.010.002a  0.570.070c  0.390.027b  137.1 

Absorptive root length density (cm cm-3) 0.010.002a  0.010.002a  0.030.007a  0.080.020a  0.030.004a  0.000.000a  0.500.072c  0.230.016b  143.0 



Table 2 Regression coefficient (β), strength (R2) and significance (P) of univariate 890 

linear regressions between descriptors of plant biomass and traits and the rhizosphere 891 

priming effect. (+/-) represents the sign of the relationship. Variables explaining the 892 

highest variation in RPE (R2 > 0.4) and subsequently retained for multivariate 893 

regression analyses are highlighted in bold. 894 
 

β-value R2 (+/-) P-value 

Plant biomass 

Plant total biomass 

 

0.006 

 

0.062 (+) 

 

0.553 

Aboveground biomass 0.006 0.022 (+) 0.726 

Belowground biomass 0.020 0.135 (+) 0.370 

Leaf biomass  0.023 0.091 (+) 0.467 

First-order root biomass -0.010 0.000 (-) 0.965 

Absorptive root biomass 0.003 0.000 (+) 0.968 

    

Morphological root traits     

Mean first-order root diameter  0.533 0.607 (+) 0.023 

Mean absorptive root diameter 0.036 0.022 (+) 0.726 

First-order root tissue density  -0.071 0.027 (-) 0.699 

Absorptive root tissue density  0.005 0.000 (+) 0.984 

First-order specific root length -0.001 0.213 (-) 0.250 

Absorptive specific root length -0.002 0.190 (-) 0.281 

    

Architectural root traits    

Root branching density  -0.096 0.521 (-) 0.043 

    

Physiological root traits    

Root exudate-derived respiration  0.623 0.424 (+) 0.080 

Rhizosphere soil respiration  0.375 0.317 (+) 0.146 

Plant-derived CO2 0.041 0.072 (+) 0.562 

 

Composite (biomass-related) root traits  

   

First-order root length -0.007 0.003 (-) 0.895 

Absorptive root length -0.007 0.003 (-) 0.905 

First-order root length density -0.007 0.003 (-) 0.895 

Absorptive root length density -0.006 0.002 (-) 0.917 

 895 

 896 



Table 3 Best models (lowest AICc) of stepwise forward multiple regressions between 897 

plant functional traits and the rhizosphere priming effect. The strength (R2) and 898 

significance (P) of models are displayed.  899 

Model AICc Plant functional traits R2 P-value 

1 -44.90 
Mean first-order root diameter;  

Root branching density 
0.716 0.043 

2 -44.47 

Mean first-order root diameter;  

Root branching density; 

Root exudate-derived respiration  

0.767 0.094 

3 -44.31 Mean first-order root diameter 0.607 0.023 

  900 

 901 

 902 

 903 

 904 

 905 

 906 

 907 

 908 

 909 

 910 

 911 

 912 

 913 

 914 



 915 

Figure 1 916 

 917 

 918 

 919 

 920 

 921 

 922 

 923 

 924 

 925 

 926 

 927 

 928 

 929 

 930 



 931 

Figure 2 932 

 933 

 934 

 935 

 936 

 937 

 938 

 939 

 940 

 941 

 942 

 943 

 944 

 945 

 946 

 947 

 948 

 949 



Figure 3 950 

 951 

 952 

 953 

 954 

 955 

 956 

 957 

 958 

 959 

 960 

 961 

 962 

 963 

 964 

 965 

 966 

 967 



Figure 4 968 

 969 

 970 


