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Fig. 1: A diagram of atr i G-species agr ofor estry system.

Agroforestry systems (AFSs) contain relatively high quanities ofsoil
carbon (C) resulting from continuous deposition ofplantresidues,
increased rates oforganic matter addition and retention (Fig.1).

Among the various agroforestry systems AFSs, the shaded perennid
systems [such as the cultivation ofcoffee (Coffea arabica) and other
shade-tolerantperennial speciesunder tall-growing shade plants]
are reported to have a high potential for sequestering C in soil.

Hypothesis

Shaded perennial AFSs and other tree-based systems store higher
recalcitrantC (ie., C in the silt and clay fractions,<53 pm) in
deeper soillayers,indicating their more efficientC sequestration
potential.

Objective

To quantify the soil C storage in whole soiland three fractionated
size-classes:macroaggregates (250-2000um), microaggregates (83
250um) and silt+ clay (<53um) up to 1m depth in two types of
shaded coffee AFSs in comparison with an adjacentnaturalforestin
Chikmagalur,Karnataka, India.

Location and Study Sites

The following treatment groups (~65 years old) were selected froma cofiee
farm in Chikmagalur, Karnataka, India:

1.Coffee AFSs shaded with Grevillea (Grevillea robusta) (~50%tree cover),

2.Coffee AFSs with a mix ofnative and non native trees (>50%tree cover),

3.Native forestfroman adjoining site, (Fig.2).
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Fig. 3:Study location in Chikmagalur, India

Fig. 2: Shaded coffee AFSs selected (a and b) for the stuy
along with an adjacent forest (c). Both AFSs were ~65 yers

old.
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Materials and Methods

S ampling

2.

* Ineach plot,
soils were
collected from
four depths (0 -

+ Foursub-samples at each location
and depth class were composited to
get one composite sample for each
depth class per plot.
+ There were a total of 48 samples (3
land-use typesx4 replications/ plds x
4 depth classes).

‘Coffee AFSs shaded
vith Silver Oaks.
Coffee AFSs with a mix
of native and non nathe
trees

Native forest from an

—_

adjoining site.
Ay selected ¥
sampling
points. Soil sampling for bulk density (BD)

measurement vas done for each depth
class.

Soil Fractionation (Wet Sieving)

3.

+ Two sieves of 250um, and 53um were usd
to pass slaked soil to fractionate trem irto
3 size classes: macroaggregates (250 ~
2000 pm), microaggregates (53 — 250um),
and silt + clay (<53 pm).

+ Soil solution was wet
sieved manually by
moving the sieve up ard P
down about 5 cm each,

50 times in two minutes.

ample of 2
d air dry soil
din a beake =—p
and distilled water

(~250 mL),was poured

to promote slaking .

3 um

4.
« The three soil fractions.

were oven dried at 65°C
for 72h, weighed, ground
for homogenization and
stored in labelled plastic
bags for further C
analysis.

Analyses and Calculations

SOC contentwere determined for both whole and fractionated soil samples by
dry combustion and gas chromatography on an automated Carlo Erba
NA1500 CNHSelemental analyzer.

The C storage was calculated as:

Cstorage = Cconcentration X BD x Depth x Fraction weight
where,
Cstorage = C expressed in Mg ha! ineach fraction class for agiven depth
C concentration  =C infraction size, gper kg of sail of that fraction ~size
BD= Bulk Density, Mg m
Depth= Depth of soil profile, cm and
Fraction weight= % weight of the fraction in the whole soil

Results and Discussion

Table 1:Depth wise distibution of different soil size fractions and their SOC content under
three land-use systems in Chikmagalur, Kamataka, India*

SOC (Mgha) up to imdepth
Depth Size Fraction Coffee + Coffee + Natural Forest
Classes (cm); | (pum) Grevillea Mixed
BD (Mg m?) Shade
0-10 2000-250 14.66" 15.29b 17.81a
250-53 8.49b 9.36b 14.762
<53 7.72b 5.982 5.54a
BD 0.95 1.01 0.78
10-30 2000-250 15.87b 14.7b 20.662
250-53 10.79b 10.11» 15.632
<53 6.01b 6.88b 12.37a
BD 0.92 1.07 1.21
30-60 2000-250 17.28» 13.31bc 15.622
250-53 12.85b 11.770 15.842
<53 6.85b 8.31a 8.482
BD 0.91 0.96 0.73
60-100 2000-250 10.330 11.24ab 12.33a
250-53 7.76b 11.782 13.12a
<53 4.32b 5.572 5.262
BD 0.77 0.98 1.01
Mowe rase | indi differences (a the 0 il )in SOC syte ms.
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Analyses
The datawereanalyzed byanalysis of variance (ANOVA) as a completely

Statistical analyses were performed with R Studio (R Studio Teamn,2015)

separately for alldepth classes, and differences wereconsidered

significant at P<0.05.

Mean values for Soil Organic Carbon(SOC) in fractionated and whole soil
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- The total SOC of macroaggregates
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within 1msoil profile were 58.14 Mg
har! for Coffee +Grevillea, 5454 Mg
ha'! for Coffee +Mixed Shade and
66.42 Mg ha' under forest (Fig.4)
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Fig. 5: SOC storage in mcoagregtes (250-53 um.
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Fig. 6: SOC storage in silt and clay fractions (<53 ).
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The total SOC of microaggregat es
within 1m  soil profile were 39.89
Mg ha' for Coffee + Grevillea,
43.02Mg ha! for Coffee + Mixed
Shade and 5935 Mg ha'lunder
forest. Beyond 60 cm, SOC under
Coffee + Mixed shade and forest
did not show any significant
differences in mean SOC values

(Fig. 5).

SOC_in silt and_clay_fraction
im)
The total SOC ofthe siltand clay
fraction within 1m soil profile was
also highest under forest, followed
by Coffee +Mixed Shade and least
in Coffee + Grevillea. Beyond 30
cm, SOC under Coffee + Mixed
shade and forest did not show any
significant differences  inmean SOC
values (Fig. 6).

S0C storage In whdle _soll

The amount of SOC inwhole soil
0 — 100 cm depth; all depth classes
jcombined) varied with the land-use
ystems.

The SOC was significantly higher in
the forest (154.7 Mg ha') while the
two coffee AFSs showed similar
SOC at130.8 and 12825 Mg ha!
(statistically ~ insignificant) (Fig. 7).

Conclusions

+ Land-use systems with higher tree density contributed to greater
soil C storage,an indicator ofhigher C sequestration in soil.
HighestSOC stock was found in the forestand the lowestin the

Coffee +Grevillea AFS.

« Theresults show storage ofhigher amounts of C in the <53 pm
fraction, the moststable form ofC in soil,up to one-meter depth,
in land-use systems with high stand density offrees such as
forests and Coffee + Mixed Shade AFSs.

Comparatively, more SOC was found in the lower halfof1 m

depth soil profile in forestand Coffee + Mixed Shade than Coffee
+ Grevillea AFSs, indicating the possible confribution oftree
density and free roots to C storage.

In a broader context, these results have implications on the role

of ree-based systems, espedally sustainable,integrated
systems such as shadedperennial AFSs,in greenhouse
mitigation through soil carbon storage.
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