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Incubation Experiment R Summary

"' METHOD: laboratory incubation (1 month at 15, 25, 35 °C) after 2-mm sieving and
moisture adjustment to 60% of water holding capacity.

 VVolcanic-ash soil, dominant soil type in Japan, holds significant amounts of
soil organic matter (SOM) due to high stabilization capacity of its inorganic constituents.

e With 3-fold decrease in TOC from “no-till/manure” soil to
“bare” soil, microbial biomass C and following substrate

* Yet, SOM destabilization (biodegradation) process and, in particular, its sensitivity A o, 1? _ Data from 25°C incubation SO quality indicies (soil C:N, respiration potential by 1-month
to climate change (e.g., temperature increase) are not well understood. g _§ 1'4 _ - 10/ < 30 - incubation, and OC in low-density fraction) linearly declined.
. . o N 2o ) S 25 -
- Literture suggests temperature dependence of SOM degradation (Q10) is linked N &2 1(2) — B 52 g N e In contrast, Q10 of the respiration had non-linear response
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to substrate quality (e.g., recalcitrance). Volcanic-ash soils are rarely studied, however. % .§ E -3 L6 O 2 g . — all soils had Q10 of ~2 except for “bare” soil (Q10 of 3.2).
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- Here, we compared SOM dynamics using a volcanic-ash soil of the same mineralogy | = G 0 T W 8l S . : ;
: _— & | o 1.0 - . ‘ ”
but with contrasting TOC contents (probably minimum & maximum end-members ':; g = WA Y o ng.h Q.lO.of e %OII i be.explamed by.|OW ?,ubstrate
in surface soi environments) to elucidate the factors controlling Q10. > Vo . X > R 7 qeallty, |nd|cate9 bY (i) low resplratlon 2 mlcrc.)blal
o B — | 0.0 biomass C and (ii) high aromatic-C/O-alkyl-C ratio of low-
" N . WA R et , : ;
‘!:i"._ ‘—l T a NT+sM  NT+M  Till Bare NT+M NT+M  Till  Bare density fraction (<1.6 g/cc).
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Objectives
J * |n studied soils, apparent Q10 was surprisingly constant

* To assess the relationships among Q10 of microbial respiration (SOM ~- : B e 1 .~ bl over a wide range O.f L Ievgls (5.'15% T0C). I.?;elow ca 4%
. WAL SR -zﬁ N - T AL e s "‘ - '{fht ‘ «  TOC, substrate quality and microbial community appaer to

degradation), microbial biomass, & various indices of substrate quality 3 TR Y e AN N s , .
using bioassay, density separation, and **C-NMR approaches. » Microbial Blomass Y LR 5 Al iehaleeWich, | CausIRLL U In Clggse:

Despite linear decline in respiration and Resp C:TOC ratio, Q10 did not linearly increase!

Se AR Fh g » T ) -* R o '_ METHOD: Chloroform humigation/extraction (K,SO,) technique. Correction factor: 2.15

Yoll Samples O Pre-Incub. m 15°C = 25°C M 35°C

20 AT o 1000 ‘ E 2(5) R Arrhenius kinetics theory suggests Q10 is higher for low-quality
Sample source: experimental fields at National Institute of Agro-Environmental Sciences O 1200 7 2 & 800 -3 - Tof - :
P | P . S 2l . g . . ’ B0 J-I E 9 600 3 g 5> 5N substrate (more recalcitrant compounds). Soil incubation studies
Tsukuba, Ibaraki, JAPAN. Soil classification: Hydric Hapludand. MAT 24°C. Precip 1300mm = 1000 . g = 400 . 28 .. O A have shown results consistent with the theory. Then, what is the
: : . A 800 7 0 pe =
Managment: 3 types of practices were applied to adjacent plots g 0 100 200 2 o good measure of “substrate quality” in our soil?
NT+M plot = 23 yrs of no-till plus annual leaf-manure addtions (soybean/winter wheat) = 600 I Soil TOC (mg C/g) ‘g & 10 4038 Substrate quality Relationship
Tilled plot = tillage with inorganic fertilizer application (soybean/winter wheat) o L1 g 05 | R=091 indices examined with Q10
Bare plot = no NPK fertilizer for decades & kept bare for the last 5 yrs 3 200 L = 00 ' ' ' ' . :
s T L 000 05 . ToNEelss $oh TOC, Bulk Soil C:N X
— T, S Rl e T g St = e | i X
. \"‘f" Lz it ‘_’i* tt. g L 0 L NT+M  NT+M Till Bare Respiration per Biomass Resplred C
B - T e 2 caintan 3 B LR (g CO2-C/g biomass C) Resp C/TOC X
' -oCmMm >5-ZuCmu-ZuCmu-Zucm .
- icti . . . Resp C/Biomass C O
General soil characteristics « Biomass C'declined as TOC declined (8B6ve). Blomas.s-normallzed respiration seems LF-C, LF-C/TOC ¥
* Biomass-normalized respiration (right figure) was a good index of substrate quality, LF C:N, aromaticity e
Management SO” Total pH N Oxalate_extr Pyrophosphate_extr |OweSt in”Bare” SOiI |mpIY|ng IOW SUbStrate quahty accounting fOf Qlo Variation in these SOiIS- \ A _
(sample ID) depth OC H,O Fe Al Si Fe Al Si ", .g‘? T _ -
-1 -1 -1 -1 -1 -1 -1 Va -
(cm) (mgg") (mgg~) (mgg) (mgg’) (mgg~) (mgg") (Mgg") 9 - L ’ Den5|ty Separatlon of SOM

: O-alkyl

No-til+Manure ~ 0-5cm 1485  6.16 101  19.8 107 0.8 1.4 0.5 R - 3 . : vmsem o C-NMR spectra of F1
No-til+Manure 5-20cm 804 624 161 338  18.0 0.9 2.2 0.3 METHOD: Field-moist C recovery & distribution C:N ratio of each density fraction Avomatic, | (<1.6g/cc)
Till 020cm 514 610 196 438 202 08 32 0.2 , o0 . : 3 ——NT+M 0-5cm U . .
Bare 020cm 369 650 200 403 197 0.1 24 01 soils were mixed with 100% Py X\\ e - Proportion of aromatic-
sodium polytungstate 80% F1<1.6g/cc =Nl PGy NTM (520qm) | C was much higher and
160 - - 15.0 s NT+M DIMAas separated into solution of target density mF216-1.8g/cc 15 - LG that of O-alkyl-C was
. (first at 1.6 g/cc then F31.8-2.0 g/ —>Bare 0-20cm e lower in “Bare” soil
140 + - 14.5 two depth due to morphological ¥ 3 40% P LOrERE Sl 10 Y R
b0 . . ill, i !
w 120 - - 14.0 difference and Fe /Al translocation heawer) and floatables are o~ F4 2.0-2.25 g/cc S
£ 5 rinsed well with water and ’ F52.25-2.5g/cc  ° AU ,
S 100 - - 135 .5 . : - M F1 of “Bare” soil
e » - E Till and Bare soils had higher freeze-dried prior to 0% T T . B A | | | | | | ] s
§ ' = oxalate-extr Fe, Al in part due to chemical analyses. NT+M NT+M  Till Bare F1 F2 F3 F4 F5 F6 A con5|s. LG
© 60 - iR e e e e oy 0-5cm 5-20cm 0-20cm 0-20cm | recalcitrant C than
A= » Unclear what high C:N of F1 in Bare mean v th il
40 - - 12.0 . B Cin F1/TOC decrease from NT to Bare O
N o) o TQC, total N, and C:N ratlo.all — ‘ ‘ -
0 - - 11.0 . . | t.k
| largely reflecting the difference in
NT+M  NT+M Tl Bare OM addition by management Acknowledgement This work was supported by Grant-in-Aid for Young Scientists (B2071005), Japan Society for the Promotion of Science.
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