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Microbial carbon use efficiency (CUE) is defined as the proportion of microbial 23 

biomass growth C versus substrate C uptake, and thus provides a useful measure of 24 

microbially driven accumulation and loss of soil organic carbon (SOC) 1. In a recent 25 

study published in Nature 2, the authors use a data-driven machine learning 26 

approach to conclude that CUE promotes global SOC storage based on a positive 27 

correlation between CUE and SOC content and that based on sensitivity analysis 28 

CUE is at least four times as important as six other evaluated factors, namely plant C 29 

inputs, C input allocation, non-microbial C transfer, substrate decomposability, 30 

environmental modifications and vertical transport. We agree with the authors that 31 

there is no consensus in the scientific community about the relationship between 32 

CUE and SOC, and that increasingly used big data methods offer an opportunity to 33 

synthesize and potentially generate new insights from multiple data aggregation. We 34 

argue however, that their study excludes important data sets and lacks mechanistic 35 

consideration of the complexities of SOC formation, such that their conclusions need 36 

to be clarified. 37 

We posit that stabilization matters more than production (CUE) for SOC 38 

formation. The accumulation and persistence of SOC is affected by multiple factors 39 

including biological, chemical and physical processes 3-5. Microbial use of carbon 40 

input represents the very primary stage of SOC formation (Fig. 1). Microbial 41 

necromass may possess enhanced stability against decomposition (the microbial 42 

carbon pump) 6, but research also increasingly suggests that the production of 43 

microbial biomass and consequently necromass leads to a set of organic 44 

compounds that are themselves stabilized against decomposition through a variety 45 

of chemical and physical processes (e.g., high activation energies for further 46 

decomposition and/or physico-chemical protection with mineral matrices) 3,4,7,8 (Fig. 47 



1). For example, it is found that necromass accumulation is not solely dependent on 48 

CUE but is strongly dependent on mechanisms preserving C components, most 49 

notably soil mineral content, with necromass accumulation occurring in soils with 50 

high clay-sized fraction 9. In other work, CUE is found to be negatively correlated 51 

with persistent mineral-associated SOC, suggesting that necromass production is 52 

not the primary driver of SOC persistence 7. In this work stimulation of microbial 53 

growth by high-quality litter enhances SOC decomposition, offsetting the positive 54 

effect of litter quality on SOC stabilization 7. As such, CUE and SOC are decoupled 55 

rather than coupled in some environments 9,10. This decoupling is also reflected in 56 

Extended Data Fig. 5c from Tao et al.2, where there is no significant correlation 57 

between CUE and SOC in soil > 100 cm.  58 

 59 

Figure 1. Conceptual diagram of microbial carbon use efficiency (CUE) and the 60 

stabilization mechanisms of soil organic carbon (SOC). MCP, microbial carbon 61 

pump; MnCP, mineral carbon pump; MAOC, mineral associated organic carbon; 62 

POC, particulate organic carbon. 63 



It should be cautioned that correlation does not equal causation. In Tao et al.2, 64 

model-derived CUE is an emergent property of the whole system from SOC profiles, 65 

and it is therefore not surprising that the calculated CUE is correlated with SOC (as 66 

in their Fig. 2b). Some important factors like temperature have not been 67 

parameterized properly in the model, then the conclusion that temperature does not 68 

have a big impact on SOC through the sensitivity analysis of this model becomes 69 

doubtful. A microbial model was used by the authors to examine the CUE-SOC 70 

relationship, yet the results (their Extended Data Fig. 4) clearly show that CUE-SOC 71 

correlation depends on the parameter chosen and can be either positively or 72 

negatively related. Even though a positive relationship between CUE and SOC may 73 

exist, we urge that more sophisticated empirical measurements should be done 74 

before a globally causal link between CUE and SOC can be established.  75 

 76 

Figure 2 The correlation between CUE and SOC for the data of 132 measurements: 77 

(a) correlation between CUE and SOC, (b) correlation between CUE and log (SOC). 78 

Public raw data from Supplementary Table 1 of Tao et al., 2023.   79 

 80 



We also point out that data selection is critical for correlation results. We 81 

argue that their meta-analysis needs more data in tropical and arid regions as well 82 

as clay soils (their Supplementary Fig. 4), while we posit that results based on 132 83 

measurements are somewhat premature for a global assessment. Actually the 84 

correlation between CUE and SOC for the data of 132 measurements is very weak 85 

(R2=0.11), and the correlation between CUE and log (SOC) is even weaker 86 

(R2=0.07) (Fig. 2). This strongly suggests that while CUE and SOC may be related, 87 

CUE does not play a major role in determining SOC. Moreover, the authors state 88 

that their results agree with findings from a landscape-scale pattern across the 89 

United Kingdom 11. Whilst the data from that study (168 measurements) are not 90 

included in the 132 measurements for meta-analysis by Tao et al.2 in their Fig. 2a, 91 

that study clearly states that soil pH is an important factor and the “CUE–SOC 92 

relationship broke down below the threshold pH (6.2)” (Fig. 2a from Malik et al., 93 

2018) 11.  94 

Overall, we argue that while this study makes an important contribution 95 

towards our understanding of the links between CUE, microbial necromass and SOC 96 

persistence, it is premature to establish a globally robust causal relationship between 97 

CUE and SOC. We caution inferring mechanisms or causality from large datasets 98 

12,13. We posit that the analysis and conclusion would benefit from more 99 

consideration of mechanistic processes in SOC formation and caution when dealing 100 

with big data. While the strides made in data science have undoubtedly propelled our 101 

understanding in many fields, including soil science, we must exercise caution not to 102 

oversimplify intricate systems. Just as we still respect and apply Newton's laws when 103 

studying the movements of celestial bodies, we must acknowledge and understand 104 

the fundamental and intricately linked biological, chemical and physical mechanisms 105 



that drive soil carbon dynamics. To lean too heavily on data-driven correlations 106 

without a comprehensive understanding of causation is akin to ignoring the 107 

foundational intricacies that govern the system. As Leonardo da Vinci wisely 108 

remarked, 'We know more about the movement of celestial bodies than about the 109 

soil underfoot.' We urge to not forget the inherent complexities of the soil system, 110 

even as we apply advanced methodologies to unravel its secrets. 111 
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