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1. Characterize labile pools (LPs) of soil organic carbon (SOC) 

throughout soil profile (0-1.53 m) using long-term incubations.

2. Model mean residence time (MRT) of LPs.

3. Correlate modeled active SOC with chemical method of Permanganate 

oxidizable C (POXC).

• Soil carbon mineralization

• Modeling labile pools and mean residence time

• Soil sampling and analyses

 Soil total C, N , C/N, pH, 13C-SOC, and bulk density by soil depth

 Soil carbon mineralization

 Soil carbon pools estimated by optimized kinetic parameters

 Correlation between estimated SOC pools and  POXC and mineralized carbon 
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Following 17 years of continuous no-tillage, soil cores were collected in 10-

cm increments to a depth of 30-cm and then by soil horizon to 1.53 m at 25 

field locations representing typical soil series at the Cook Agronomy Farm 

Long-term Agroecosystem Research site near Pullman, WA. Total soil carbon, 

nitrogen and 13C-SOC were determined with an elemental analyzer coupled 

with an isotope ratio mass spectrometer (EA-IRMS); pH by 1:1, soil: water; 

bulk density after drying at 105oC for 24 hours; and permanganate oxidizable 

C (POXC), Weil et al.(2003).

Soil from all depths and locations were incubated for 350 days at 21oC and 

25% water in the dark (Fig2a). Base trap method and two-end point titration 

used to determine evolved CO2 (Fig2b). 

Model Model expression Reference 

1: First-order two pools 

 

Cresp =k1*(C1*e-k1*t)+ k2* (C2*e-k2*t)  
 

Molina et al. (1980) 

2: First-order two pools+ 

constant 

Cresp =k1*(C1*e-k1*t)+ k2* (C2*e-k2*t)+b  
 

(Alvarez and Alvarez, 

2000) 

3: First-order three pools 

with fixed mean k1,k2 

and k3 from Model 2 

 

Cresp =k1*(C1*e-k1*t)+ k2* (C2*e-k2*t)+ 

k3* (C3*e-k3*t)  
 

( Paul et al., 2006; 

Glanville et al., 2016) 

4: First-order three pools 

with fixed optimized 

k1,k2 and k3 

 

Cresp =k1*(C1*e-k1*t)+ k2* (C2*e-k2*t)+ 

k3* (C3*e-k3*t)  
 

(Knorr et al., 2005) 

 

a b

Fig. 2. Laboratory incubation (a) and titration (b).

Table 1. Models explored in curve fitting where Cresp is the C mineralized rate 

(μg CO2 / g soil / day); k1, k2 and k3 (day-1) are mineralization rate constants 

for different carbon pools; C1, C2 and C3 are mineralized carbon pool sizes 

(μg CO2 / g soil), which were converted into mg C/ kg soil; t is the time (day).

a

Fig. 3. Model exploration and optimization 

b

Fig. 5. Example of soil respiration over time for 

0-10 cm (a) and 97-122 cm (b). Red line is the 

fitting curve of three carbon pool model with 

fixed optimized kinetic parameters. 

Fig. 6. Total mineralized SOC after whole 

incubation period (a) and mineralized carbon 

percentage over total organic carbon (b); p=0.05.

Table 2. Modeled SOC pool size (LP1 with MRT= 5 days, LP2 with MRT=60 days, LP3 with 

MRT= 2 years) and fraction (F1, F2, F3) by soil depth.

Fig. 7. Correlation between POXC and LP1 (a), LP2 (b), sum of two LPs (c), total SOC (d), 

mineralized C (e). Correlation between sum of two labile pools and total mineralized carbon (f). 

Estimated LP1 and LP2 size declines with soil depth in profile, 

but only accounts for about 1% and 3.6% of total SOC. LP3 size is 

at least three times larger than LP2 and accounted for more than 

12% of total SOC in each depth. Labile pool size in subsoil was less 

than surface depths, but comprised a greater fraction of total SOC.

Active SOC pool sizes from optimized model provided MRTs of 

5 days (LP1), 60 days (LP2) and 2 years (LP3) and agree with other 

studies (Collins et al., 2000; Crow and Sierra, 2018; Knorr et al., 

2005; Zacháry et al., 2018)

Different SOC pools are simplified in the conceptual diagram 

below (Fig8) and could provide basis for process-oriented 

modeling. The percentage in red is based on total carbon 

concentration using means from all depths.

Estimated LP1size is about 40% of POXC, and LP2 size is very 

close to POXC. The correlation, however, was weaker when LP2 

size was greater than 700 mg C/kg soil. POXC accounted for 17.2% 

of total mineralized carbon.
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1: LP1 (MRT=5 days), 1.4%; 2: LP2 (MRT= 60 days),4.4%; 3: LP3 

(MRT= 2 years), 18.6%; 4: POXC, 2.3%; 5: TMC ( Total mineralized C ), 

11%; 6: Slow carbon ,75.6%
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Fig. 1. Conceptual diagram of SOC fractions and MRT. 
Fig. 4. SOC (A), total nitrogen (B), C/N ratio (C), pH (D), 13C-SOC (E) and bulk density (F); p=0.05.


