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Objectives Results Highlights
1. Characterize labile pools (LPs) of soll organic carbon (SOC) = Soil total C, N, C/N, pH, 33C-SOC, and bulk density by soil depth «+Estimated LP1 and LP2 size declines with solil depth in profile,
throughout soil profile (0-1.53 m) using long-term incubations. but only accounts for about 1% and 3.6% of total SOC. LP3 size is
2. Model mean residence time (MRT) of LPs. s e st dente i R C at least three times larger than LP2 and accounted for more than
3. Correlate modeled active SOC with chemical method of Permanganate NRNE: | ° ; 12% of total SOC in each depth. Labile pool size in subsoil was less
oxidizable C (POXC). Z, £ ] ] o : than surface depths, but comprised a greater fraction of total SOC.
e s =y £, * g o0 . S «*Active SOC pool sizes from optimized model provided MRTs of
e /(::>5i By density ] g ° 5 days (LP1), 60 days (LP2) and 2 years (LP3) and agree with other
SRR L [ e —— il | studies (Collins et al., 2000; Crow and Sierra, 2018; Knorr et al.,
—_1,1@1)1“&:5 b 1: 3::11\1 :L“LH‘K_J‘_ L ? 0 1; ci?depths (fron ;ao 30-153 0-10 1;3;?Iodepths (i:r_jo 30-153 0-10 12;2"0depths ((2::;?0 30-153 2005, Zach é[y et all, 2018)

S ST S Soil pH by soil depths Soil 13C-SOC by soil depths Soil bulk density by soil depths
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“»*Different SOC pools are simplified in the conceptual diagram
below (Fig8) and could provide basis for process-oriented
modeling. The percentage In red iIs based on total carbon
concentration using means from all depths.
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_ _ _ Fig. 4. SOC (A), total nitrogen (B), C/N ratio (C), pH (D), 13C-SOC (E) and bulk density (F); p=0.05.
Fig. 1. Conceptual diagram of SOC fractions and MRT.
- = Soil carbon mineralization
Materials and Methods
o S " I I I d I point 5F depth 0-10cm point 5F depth 97-122cm Total mineralized Carbon (mgC/g soil) by depths ht/l}igeirnaclijzbegtignpgcgggtaf?: o) over
Oll Sampling and analysSes " , i | A B

Following 17 years of continuous no-tillage, soil cores were collected in 10- ;s o e | .
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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
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nitrogen and 3C-SOC were determined with an elemental analyzer coupled et |l e R e - * e + + L LP1(MRT=5 days), 1.4%; 2: LP2 (MRT= 60 days),4.4%; 3: LP3
with an isotope ratio mass spectrometer (EA-IRMS); pH by 1:1, soil: water; | [ (MOR_T:. 2 years), 18.6%; 410POXC, 2.3%; 5: TMC ( Total mineralized C ),
bulk density after drying at 105°C for 24 hours; and permanganate oxidizable - So deprs cm) o dephs o) 11%; 6: Slow carbon ,75.6%
C (POXC), Weil et al.(2003). Ei : o : . . .
’ g. 5. Example of soil respiration over time for Fig. 6. Total mineralized SOC after whole : SN N
- - S L . : : . _ s Estim LP1size | 40% of POXC, and LP2 size Is ver
e Soil carbon mineralization 0-10 cm (a) and 97-122 cm (b). Red line Isthe  incubation period (a) and mineralized carbon CIOSS; toaI;[’eC;IXC 'IS'heeCzr(rjlle?alf[:ono f?o(\)/vevce)r \(/:vag VSeakerSWf?e: ngy
Soil from all depths and locations were incubated for 350 days at 21°C and I!ttlgg Cltj.rV? ogtlr(\_reetf:arbon poto | model with — percentage over total organic carbon (b); p=0.05. N — greate.r than 700 mg C ;kg Soil PbXC accounted for 17.2%
25% water In the dark (Fig2a). Base trap method and two-end point titration IXEd OptimIzEd KINELE parameters. : : ' '
used to determine evolved CO, (Fig2b) : : P C At of total mineralized carbon.
2 ' \ = Soll carbon pools estimated by optimized Kinetic parameters
Table 2. Modeled SOC pool size (LP1 with MRT= 5 days, LP2 with MRT=60 days, LP3 with References
MRT= 2 years) and fraction (F1, F2, F3) by soil depth. Alvarez, R., Alvarez, C.R., 2000. Soil organic matter pools and their associations
with carbon mineralization kinetics. Soil Science Society of America Journal 64,
a_ | Depth  No. of SOC pool size (mg C/kg so1l) SOC labile pool fraction (%) 184-189.
Fig. 2. Laboratory incubation (a) and titration (b). (cm) samples  LPI LP2 LP3 Slow C Fl F2 E3

0-10 25 1927:88a 8019+514a 4784.5:186a 14886.7:730a 0959:0.074b 3996+0.282b 236109762 | Collins, H.P., Elliott, E.T., Paustian, K., Bundy, L.G., Dick, W.A., Huggins, D.R.,

’ MOdeIIng Iablle pOOIS and mean reSIdence time 10-20 23 105448 bc 473.8+16.6b 22309+114b 117742+682b 0.759+0.056b 3.385+0.162b 15.81+0.85 ab Smucker. A.J M. Paul E.A. 2000. Soil carbon pools and fluxes in Iong-term

- — oo e i} 5 5 ; , ; , " ~ ; ; : :
— a b k1=0.2124:k2=0.0159:k3= 02014 k1=0.2199; k2=0.0165. ,l<100024 20-30 Zh._ 131£5.6 b 364.8x14.8 ¢ 1205.1£60 ¢ 110781948 b 1.210£0.151b  3.246+£0.291b 11.91+1.955Db corn belt agroecosystems. Soil Biology and Biochemistry 32, 157—168.
- Selectk values which eives| ____, | i I =30 103 104.6+4.1c 269.8+11d  849+44d 4477912405 ¢ 2911+0.232a 7.945£0.687a 21.74+1.656 a
-: I 180 samples *3 reps individually eirﬁu;l?aﬁTJEZ$;?g:lai =====v :_: ! ! - e . 1« 1 1 _ E . E— ) — ; , - - . -
Klandmges s i e ot i pr— Notes: The data was expressed as mean+ standard error. The small case letter 1s annotating the significance level (p=0.035) of pool size Crow, S. E., and C. A. Sierra. 2018. Dynamic, Intermediate Soil Carbon Pools
and means e S e samples) from High across the four depth. _ _ _ _
1t Carbon level group May Drive Future Responsiveness to Environmental Change. J. Environ. Qual.
NV | | : . : : 47:607-616.
- - R Optinired Y = Correlation between estimated SOC pools and POXC and mineralized carbon
180 samples illdividllally i : estinI:)lating three pools of fixed N[I\ggigg:ggdgy Mo 200 _ .
Zi?ip‘ll‘ﬂ‘“"““dm‘l“‘“JL o MRT3-88year  m-m=m= ] "1 , h e Knorr, W., Prentice, I.C., House, J.I., Holland, E.A., 2005. Long-term sensitivity
g I sampies marviaua I--I -'... ' 800 N = -
TS yt 6 ““” i, of soil carbon turnover to warming. Nature 433 (7023),p.298.
{::\ :: sanple Approximate odel4 with fixed k values Z W X ."... g >0 : o o
. S—— MRTLS day i— klzo_ﬁz?ﬁzo_ﬁggf 00013710 % L6 43524 ? . T | _ _ _
* memkvalues RIS yenn ssimate C1,C2 and €3 S R*=0.7843P<0.001 e § byl Molina, J.A.E., Clapp, C.E., Larson, W.E., 1980. Potentially Mineralizable
S £ 0 3 P Ri=0.7818, P<0.001 % 400 : : . : : :
_ _ S - z : £ Nitrogen in Soil: The Simple Exponential Model Does Not Apply for the First 12
B 7 . . . . -
Fig. 3. Model exploration and optimization 2 w| Weeks of Incubation 1. Soil Science Society of America Journal 44, 442443,
Table 1. Models explored in curve fitting where Cresp is the C mineralized rate. [, “«x * X X Pl Lt
(ng CO,/ g soil / day); k1, k2 and k3 (day*) are mineralization rate constants el b pol s with MRS dons (g ) ”uE‘_;‘nPdlhim o e o i W ™ | Weil, RR,, Islam, K.R., Stine, M.A., Gruver, J.B., Samson-Liebig, S.E., 2003.
for different carbon pools; C1, C2 and C3 are mineralized carbon pool sizes : S Estimating active carbon for soil quality assessment: a simplified method for
(ng CO,/ g soil), which were converted into mg C/ kg soil; t is the time (day). "l "l e . 2 f laboratory and field use. American Journal of Alternative Agriculture 18, 3—-17.
600 - . 600 3 ....".. é A
Model Model expression Reference o I S w0 Y g 1o y=03205x+ 18017 ) _ _ _ -
" : N fi;‘zz e P . Zachay, D., Filep, T., Jakab, G., Varga, G., Ringer, M., Szalai, Z., 2018. Kinetic
" _ _K1* _k2* . Z 400 s . [ 2 400 . M 2 A ‘A‘ .... . . . . . . .
L: First-order two pools  Cresp =k1*(C1*e™™)+ k2* (C2*¢**")  Molinaetal. (1980) ' ¢ A B ? ot e T e ssses 2 100 e parameters of soil organic matter decomposition in soils under forest in Hungary.
= 300 RZ = 0.8294, P<0.001 o 300 . ¢ e 0o oot E ......... i, _
2: First-order two pools+ Cresp =k1*(C1*e*!™)+ k2* (C2*e*2")+b  (Alvarez and Alvarez, = £ ,, . S 0 '% : . i, Geoderma Regional 14, e00187.
constant 2000) 100 " 100 “ g 400 h:‘x :
- Ciret. -“| . , ,t:. g 200 Yoy
: I':IrSt'Order three pOOIS Cresp :kl*(C]-*e_kl*t)-l_ k2* (CZ*e_kz*t)+ ( Pau' et aI., 2006’ o =t ’ 0 :50: 1000 1500 2000 2500 3000 3500 4000 0 ACknOWI edgements
with fixed mean kl’kz K3 . 0 5000 10000 %5000 20000 2:5000 30000 35000 et ! 0 1000 2000 3000 4000
and k3 from MOdel 2 k3* (CS*e ) GlanVIIIe et al, 2016) Total organic carbon (mg C/kg soil) Total mineralized carbon (mg C/kg soil) Total mineralized carbon (mg C/kg soil)
. : We thank USDA-ARS and USDA-LTAR for funding support. We also
4: First-order three pools Fig. 7. Correlation between POXC and LP1 (a), LP2 (b), sum of two LPs (c), total SOC (d), nank all th huted to field K and | ? . PP |
. - — -k1* -k2* - - - - - -
with fixed optimized  CreSP =KLF(CL*e ™™™+ k2* (C2*e™ )+ 1 et al 2005) mineralized C (). Correlation between sum of two labile pools and total mineralized carbon (f). thank all that contributed to Tield work and samples lab analyses.
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