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Temperature sensitivity of SOM decomposition 

and the positive feedback hypothesis



How will soil organic C pool respond to 

global warming?

1. General temperature sensitivity of SOM decomposition

2. Substrate availability vs. T-sensitivity

3. T-sensitivity of labile vs. recalcitrant SOM decomposition

4. Rhizosphere interactions vs. T-sensitivity
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0-1  m depth

Excluding litter layer



对温度敏感性的研究始于酶动力学. 在最

佳温度区间，在饱和底物浓度条件下，
温度每增加10 ºC，多数酶触反应速度增
加约一倍。所以 Q10 ≈ 2：

Q10 = R (t+10) / Rt ≈ 2



Kirschbaum 1995. SBB





Miko Kirschbaum 2004 GCB 10:1870-77

Giardina & Ryan, Luo et al.
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Theoretically, both Vmax and Km are temperature-dependent, but 

can cancel each other out.  Km is only effective when C is low.

We tested this using glucose saturation.



Hypothesis: As incubation temperature increases, substrate 

availability decreases, the canceling effect of Km increases, and 

the apparent Q10 value decreases.

Decreasing [Ca]

Increasing Km effect



Cheng & Virginia 1993, SBB



Gershenson et al. 2009 GCB
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Based on theoretical analysis, Bosatta & 

Agren 1999 (SBB) concluded that the 

decomposition of lower quality SOM 

should have higher temperature 

sensitivity than higher quality SOM.  

This conclusion is consistent with 

Arrhenius (1889) equation----lower 

quality substrates require higher 

activation energy.



NATURE 2005



Fierer et al. 2005 Ecology



Reichstein et al. 2005 BioGeoSci



Conant et al. 2008 GCB



Conant et al. 2008 GCB



“We show that the temperature sensitivity of decomposition 

increases remarkably from the youngest annually cycling fraction 

(Q10 < 2)  to a decadally cycling one (Q10 = 4.2–6.9) but decreases 

again to a centennially cycling fraction (Q10 = 2.4–2.8) in boreal 

forest soil.”
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参照 Kuzyakov, Y. 2002. J. Plant Nutr. Soil Sci.
+PE：正激活效应； -PE：负激活效应

什么是激活效应？
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From: Kuzyakov, Y. 2002. J. Plant Nutr. Soil Sci.

什么是根际激活效应？
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Boone et al. 1998 NATURE



I am from

the rhizosphereC O

I am from soil 

organic matter

I am from 

roots

C O

C O

C O

C O
C O

C O

C O
C O

C OC O

C O
WHERE DO 

YOU ALL COME 

FROM?



C3 plants
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Continuous 13C-labeling

Greenhouse at UCSC

[CO2] = 400 ppm

δ13C = -17‰



Magnitude of the rhizosphere effect on SOM decomposition measured by isotope methods  

(Based on Cheng and Kuzyakov 2005). 

Plant Type Treatment Soil Type
1
 PGC

2
 %Priming

3
 Time

4
(d) Reference 

 

Wheat  CLO GC -37 16 Cheng 96 

Wheat Ambient CO2 CLK GC 44 28 Cheng & Johnson 98 

Wheat Elevated CO2 CLK GC 17 28 Cheng & Johnson 98 

Wheat Ambient CO2, +N CLK GC 42 28 Cheng & Johnson 98 

Wheat Elevated CO2, +N CLK GC 73 28 Cheng & Johnson 98 

Sunflower Ambient CO2 CLK GH 55 53 Cheng et al. 00 

Sunflower Elevated CO2 CLK GH 31 53 Cheng et al. 00 

Wheat 12/12 hrs light/dark CLK GC 100 38 Kuzyakov & Cheng 01 

Wheat 12/60 hrs light/dark CLK GC -50 38 Kuzyakov & Cheng 01 

Soybean Growing season mean CLK GH 70 120 Fu & Cheng 02 

Sunflower Growing season mean CLK GH 39 120 Fu & Cheng 02 

Sorghum Growing season mean SLC GH -9 120 Fu & Cheng 02 

Amaranthus Growing season mean SLC GH -5 120 Fu & Cheng 02 

Soybean  CLK GH 3 35 Cheng et al. 03 

Wheat  CLK GH 7 35 Cheng et al. 03 

Soybean  CLK GH 382 68 Cheng et al. 03 

Wheat  CLK GH 287 68 Cheng et al. 03 

Soybean  CLK GH 312 89 Cheng et al. 03 

Wheat  CLK GH 130 89 Cheng et al. 03 

Soybean  CLK GH 254 110 Cheng et al. 03 

Wheat  CLK GH 60 110 Cheng et al. 03 

Soybean Growing season mean CLK GH 164 119 Cheng et al. 03 

Wheat Growing season mean CLK GH 96 119 Cheng et al. 03 

%priming is calculated as: (planted - unplanted)/unplanted X 100.



基于过去二十多年的研究结果，
我们发现根际激活效应的变化幅
度在 -50% 到+380% 之间，可以

与土壤温度或者水分对土壤有机
质矿化速率的影响相提并论。



Plant-derivedSOM-derived

Soil Basal Respiration
Root Respiration

Rhizo-Microbial RespirationRhizosphere Priming

Which component of the total soil respiration 

is more sensitive to warming?
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In summary, rhizosphere priming may 

increase the temperature sensitivity of 

SOM decomposition. 



How will soil organic C pool respond to 

global warming?

1. General temperature sensitivity of SOM decomposition

Conclusion-I: it is still controversial.

2. Substrate availability vs. T-sensitivity

Conclusion-II: substrate availability is an important factor.

3. T-sensitivity of labile vs. recalcitrant SOM decomposition

Conclusion-III: it is inconclusive.

4. Rhizosphere interactions vs. T-sensitivity

Conclusion-IV: rhizosphere processes modulate T-sensitivity.

5. What’s next? More research is needed.
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