Description of the proposed work and aim of the visit

Carbon (C) sequestered in subsoil has gained siageanportance in recent years due to the
high capacity of subsoil horizons to store soilaoig matter (SOM) with mean residence time
of hundreds to thousands of years (Rumpel and Kigabner, 2011). Results for acid
Cambisols and Podzols (Eursterhues et al., 2008bdfl et al., 2005) indicate that the C
stabilization in the subsoil is mainly due to cheahiadsorption on Aluminum and Iron. The
chemical composition of C present in subsoil waemeined only to a limited extent due to
the low C concentrations encountered in the deegdrts of such soil types. In Andisols, the
carbon storage potential is higher in any othel typpie, due to their high content of short-
range order minerals such as allophane, imogadiitefarrinydrite with considerable potential
to form stable complexes with organic moleculeso{iSét al., 1993; Parfitt et al., 1997). Due
to their high carbon content even in subsoils sz Andisols may be privileged models for
chemical characterization of stabilized C at depth.

In Chile, approximately 50% of Andisols are locatadder old-growth forests. These
ecosystems are important reserves of temperatst$oire the world (Armesto et al., 1998),
where the precipitation chemistry still reflects ckose approximation of pre-industrial
conditions (Boeckx et al., 2005). The productivofithese ecosystems depends on the internal
cycling of SOM (Godoy et al., 2009) and their higkFficient mechanisms of a conservative
nutrient cycling (Huygens et al 2008). Litter andagly materials (logs and branches) are the
main source of organic matter and nutrients tostiieand watercourses in forested mountain
areas systems (Vitousek et al., 1995; SchellegelR2onoso, 2007). In these systems, the
dynamics of above and belowground litter is strgrigfluenced by several factors such as:
tree species composition, tree density, basal agestructure, altitude and seasonality (Liu
et al., 2003). SOM stabilization may be more inficed by soil properties. Up to now factors
influencing SOM dynamics and nutrient cycling inedesoil horizons of Andisols were
largely ignored. Therefore, the focus of my invgstion will be on the nature and dynamics
of SOM in subsoils with contrasting texture. | sd@apreplicated soil profiles of (1) a well
developed soil (silty loam) in San Pablo de Treg@@°38'S, 72°05'W) and (2) a sandy
scoriaceous porous soil which occur in the dejesticones of the volcanoes in the Puyehue
National Park (40° 47'S, 72°12'W). Soil samplesenasllected at three depths (0-20, 20-60
and 60-80 cm).

SOM stability in the top- and subsoil horizons wfot Andisols has been assessed during

laboratory incubation. For San Pablo de Tregua sl could confirm our hyphotesis of



lower C mineralization in subsoil horizons as comepato the topsoil. We assume that the
reduced C respiration in the subsoil was due tatgrestability of native SOM. However, we
observed no significant differences between thegpiration at the surface and depth for the
Puyehue soil. These results suggest that the labganic matter pool in top and subsail
horizons is equally important possibly due to tfan®f C from the topsoil or higher root
growth, these differences could be related to drasting chemical composition of SOM at

both sites.

The bulk characterization of SOM may be achieved™y solid-state nuclear magnetic

resonance spectroscopy, a method widely used irssieince (Kdgel-Knabner, 1997). This
method gives a good overview of the bulk chemicahposition of a solid sample without

prior extraction. Four chemical shift regions cam identified and related to labile and
recalcitrant SOM compounds. The application of thethod to Chilean soil samples allowed
to characterize and compares the chemical compositi SOM stored in top- and subsoil
horizons of two soils under similar vegetation 8ifiterent texture and identified the chemical
composition of refractory carbon in top- and subblorizons of Andisols. For these reasons,
the second part of my work was to determine thenited composition of C of these soils for
identifying the chemical groups involved in thebslization of SOM in the subsoil and

compare their chemical composition with the C @f sirface horizons.
Description of the main results obtained

Study site and sampling

1. Study area

The area corresponds to the Andean mountain raggeeld in San Pablo de Tregua (SPT),
Panguipulli (39° 38 'S, 72° 05' W) and the PuyeNa#ional Park (PNP), Antillanca (40° 47
'S, 72 ° 12' W) with elevations ranging between 880 1,200 meters above sea level. The
rainforests of southern Chile have developed undetemperate climate, with low
temperatures and high humidity, where the woodeta@n produces a litter with a slow and
incomplete decomposition in soil, resulting in @@ accumulation in the surface (Donoso,
1992). In this mountain forest, the mean preciitaimnay reach more than 5,000 mm per
year, with an average of annual temperature of(&@3ales, 2000; Oyarzun et al., 2004). The
vegetation in SPT is constituted by a native eaagrpristineNothofagus dombeyi forest in

combination withLaureliopsis philippiana and Saxegothaea conspicua. In adjacent area it



was a pasture of 50 years old that was eventuallgegl with dairy cows. In PNP, the
dominant vegetation is a pure evergreen Ndthofagus betuloides forest. The soils in both

areas are an Andisols characterized mainly by amirallophane (~50% of the mass of clay)
and Al complexed with organic matter (Besoain et 8985). In SPT the topography is
undulating, while in the PNP the soils are in thedmont position with north aspect and
undulating topography. In the two areas the soisented a litter layer of variable thickness
and thereafter a mineral soil reaching 60 cm d&xgep layer were the C horizons with

abundant coarse sand and volcanic gravel.

1.1 Soil sampling

Two sites were sampled, one in SPT and one in PNReach site three soil pits were
excavated in a linear transect of about 100 m i 8Rd 20 m in PNP. Sampling was
conducted with a soil core (8 cm diameter x 5 cngik) in the mineral soil and consisted of a
composed sample taken from each layer sample@@tddr corresponding to A horizons, 20-
60 cm corresponding to AC horizons and 60-80 cmespionding to C horizons. A total of 18
samples were collected. In addition, six sample®ueken for the bulk density at 10, 40 and
70 cm does the first, second and third layer, respdy. Soil samples were transported as
soon as possible to our lab in isolated contaiBach soil sample was sieved to a 2 mm and
plant debris and coarse organic materials were vethdy hand. The general description of

soil profiles are shown in Table 1.

2. 3C NMR spectroscopy

Solid-state™*C NMR spectra were obtained before and after oiidaty HO, with Bruker
DSX 200 spectrometer (BioSpin Gmbh, Karlsruhe, Gamwi. It was utilized &°C-resonance
frecuency of 50.3 MHz with a spinning speed of I&&. The chemical shifts were calibrated
by tetramethylsilane (0O ppm). C groups were ideadiby integration of the signal intensity in
their respective shift regions. The regions fromtd®0 ppm and from 60 to 110 ppm were
assigned to N-alkyl-C and O-alkyl respectively. idie and aromatic C was detected in
regions between 110 and 160 ppm. The region frodtd@00 ppm was assigned to carbonyl
(aldehyde and ketone) and carboxyl/amide C. Finaflgonances in th region -10 to 45 ppm
corresponds to alkyl C.



Table 1. Soil characteristics (average of three pedonsipet standard error of the mean)

Soil Bulk Soil
Site horizons density  Total OC &%C  TotalN 6N  pHwater Al Fe, C Allophane
(g kg™ (gkgt  (gkg
(cm) Mgm® (gkg®soil) %o soil) %o soil) soil) (g kg* soil) (g kg® soil)
SPT  A(0-20) 0,38+0,06200,7+8,09 -27,43 16,01+0,791,13 4,45+0,0114,43+1,6815,86+0,33111,1522,48 26,62+7,04
AC (20-
60)  0,39+0,04 92,48+3,61 -25,68 7,18+0,47 4,65 539+0,1@,08+0,3013,7920,45 53,94+6,35 188,14+50,59
C (60-80) 0,33:0,01 68,6+4,20 -2593 4,18+0,38 3,85 5,70+0,18,18+0,30 1,8620,52 22,69+3,68 269,22+18,52
PNP  A(0-20) 0,41+0,0359,82+13,47 -26,03 4,13t1,16 -3,38 5,25:0,09,05:4,20 8,12+1,32 63,08+16,731,45+18,44

AC (20-
60)  0,57+0,03 38,19+1,16
C (60-80) 0,630,05 28,4+1,61

-25,45 2,25+0,08 -1,00 5,66+0,2664+3,29 3,73+3,06 28,46+7,77 58,18+37,03
-25,60 1,69+0,12 -2,05 5,79+0,1888+1,28 1,3+0,85 15£8,95 66,47+15,30




Preliminary results

The chemical composition of SOM has been determityddC NMR in both sites at different
depths. The results to the topsoil showed a donipaak at 33, 72 and 171 ppm that
correspond to alkyl-C, O-Alkyl-C and Carboxil-C spectively (1A). The main intensity of
signal corresponds to peak 33 and 72 ppm whiclsse®@ated a polysaccharides and the
presence of proteins and peptides. Finally, thative intensity of the signal at 171 ppm is
derived from carboxyl and amides groups. The medoihpresents the similar intensities in
compare to the topsoil, however, higher signalh@peaks 32 and 100 ppm which indicate a
high presence of polysaccharides and carbohyd(@#®s The figure 3A shows that the
signals presented in the subsoil have differenensities due to a less intensity of
polysaccharides in the peak 71 ppm. The signalant2171 ppm that indicates the presence
of proteins and peptides and carboxyl groups, sy, were of less intensity in compare
to the surface soil. Figure 2 shows the integréisroportion of each C group. In the topsoil,
this proportion indicated a 49.7% to O-Alkyl-C, 8% to Alkyl-C. The Aryl-C and Carboxyl-

C groups represented just an 18.6 and 8.6% obthg tespectively. To the medium soil, the
proportion of C groups was of 50.5, 28.9, 12.4 ar&%. Finally, in the subsoil these values
represented a 40.2% of Alkyl-C, 38.8% of O-Alkyl-The Aryl-C and Carboxyl-C groups
represented a 12.4 and 8.6%.

O-Alkyl-C Alkyl-C
A y

N

Aryl-C
Carboxyl-C

N\

—(-20cm

350.0605 300.0317 250.0028 199.9740 149.9452 99.9164 49.8875 -0.1413 -50.1701 -100.1989
Chemical shift [ppm]



Alkyl-C

Carboxyl-C

N

— ) 0-60 cm

350.0605 300.0317 250.0028 199.9740 149.9452 99.9164 49.8875 -0.1413 -50.1701-100.198&9
Chemical shift [ppm]

Alkyl-C

0-Alkyl-C

\ Aryl-C
\J e 60-80 €M

Carboxyl-C

I T T T T T T T T T
350.0605300.0317250.0028199.9740149.9452 99.9164 49.8875 -0.1413 -50.1701 -
100.1989

Chemical shift [ppm]

Figure 1. °C CPMAS NMR spectra of SOM at different depths. \barizons 0-20 cm; (1B)
horizon 20-60 cm and (1C) horizon 60-80 cm.
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Figure 2. The integrals proportion of SOM at different depthl, represented in percentage
(%).

The preliminary results indicates that a high sigsfaAlkyl-C and the low presence of O-
Alkyl-C in the subsoil in compare to the surfaceaibons could be related with the high

presence of lipids and other aliphatic moleculdsictv might correspond to preserved plant-



derived molecules. Therefore, these preliminaryltesuggests a high C preservation in the
subsoil with respect to the topsoil due the preseoicthis C-groups of lower degree of
decomposition, generates probably by the absen@resii C transfer from the topsoil to the

subsoil.
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F. Matus, R. Neculman, C. Rumpel, M. Panichini, M.L. Mora. 2011. Soil carbon storage

and stabilization in Andisols: A Review. (submittedBiogeochemistry).

Other comments

These results are only preliminary and are stidlarndiscussion together with the results of
another site.



