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Abstract: Belowground roles of agroforestry in climate change mitigation (C storage) and
adaptation (reduced vulnerability to drought) are less obvious than easy-to-measure aspects
aboveground. Documentation on these roles is lacking. We quantified the organic C concentration
(Corg) and soil physical properties in a mountainous landscape in Sulawesi (Indonesia) for five land
cover types: secondary forest (SF), multistrata cocoa—based agroforestry (CAF) aged 4-5 years
(CAF4), 10-12 years (CAF10), 17-34 years (CAF17), and multistrata (mixed fruit and timber)
agroforest (MAF45) aged 45-68 years. With four replicate plots per cover type, we measured five
pools of C-stock according to IPCC guidelines, soil bulk density (BD), macro porosity (MP),
hydraulic conductivity (Ks), and available water capacity of the soil (AWC). The highest C-stock, in
SF, was around 320 Mg ha!, the lowest, 74 Mg ha'!, was in CAF4, with the older agroforestry systems
being intermediate with 120 to 150 Mg ha. Soil compaction after forest conversion led to increased
BD and reduced MP, Ks, and AWC. Older agroforestry partly recovered buffering: AWC per m of
rooted soil profile increased by 5.7 mm per unit (g kg') increase of Corg. The restored AWC can
support about a week’s worth of evapotranspiration without rain, assisting in climate change
adaptation.

Keywords: cocoa agroforestry; climate adaptation; soil restoration; soil organic carbon; soil macro-

porosity; soil water availability; inceptisols

1. Introduction

Agroforestry, integrating trees in farms, implies reforestation (or at least re-treeing) within an
agricultural framework of land tenure and practice [1,2]. Growing cocoa between various other trees
as shade or companion trees to increase overall income from farming is one of the many forms of
agroforestry [3]. Agroforestry can connect the climate change (CC) policy imperatives on mitigation
—reducing net emissions of greenhouse gasses—and adaptation: reducing human vulnerability to
increased climate variability and global warming trends [4,5]. These connections are made
aboveground as increased tree cover in agricultural landscapes stores carbon [6,7] and modifies
microclimates [8]. Moreover, belowground soil carbon storage will increase in agroforestry [9] while
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the soil water buffer function can be enhanced [10]. Yet, the belowground effects are slower (both in
their degradation and their restoration phases [11]) and less visible than those aboveground and need
to be teased out from a substantial background variability of soil diversity [12,13]. In accordance with
the ‘cascade’ perspective on ecological structure and function, which shapes ecosystem services that
represent the benefits people derive from functioning (agro)ecosystems as a basis for valuation and
explicit decision making (Figure 1A, [14]), the chain of required evidence for belowground relevance
of agroforestry for CC adaptation can be considered in three steps (Figure 1B):
A. Effects of trees as part of land cover change on soil organic matter (and soil carbon storage),
B. Relations between soil organic matter and soil physical properties relevant to crop
vulnerability to climate variability, and
C. Deliberate farmer use of trees to reduce their own vulnerability (the adaptation line),
potentially supported by global climate policies (if incentives will reach the farmer, then the
dotted line).
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Figure 1. A. Cascade representation of ecosystem structure and function, interacting with social
systems via ‘ecosystem services’ [14]; B. Relationship between the agroecosystem structure
(observable), function (inferred), and human benefits (policy focus) in relation to the growth cycle of
trees, the formation, and the decay of soil organic carbon (SOC), climate change, and the water (H20)
cycle.

Soil organic matter needs to be understood in its central role in belowground C storage
(mitigation) and its influence on soil water balance and hence on climate vulnerability (adaptation).
Obtaining a full account of all inputs, both aboveground and belowground, and their associated rates
of turnover and interaction with mineral soil particles in shaping soil physical properties is no simple
task for even relatively simple forms of cocoa agroforestry. Stock changes over time can provide an
indication of the net effects of interacting processes, as both plants [15] and farmers adapt to climate
change [16]. Co-adaptation of people and trees is needed for resilience to climate change in the
medium term [17].

Cocoa (Theobroma cacao L.) is grown across the humid tropics and is a major driver of tropical
forest transitions [18]. Whether or not cocoa agroforestry increases or reduces vulnerability to
uncertain rainfall is contested [19] and may depend on the tree species used, the soil, and climatic
conditions. Within cocoa production, comparisons between more open and more shaded systems
have revealed ecological, social, and economic variables [20-22], with farmer choices depending on
location, markets, and evolving knowhow. According to global agriculture database data [23],
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Indonesia still is the third-largest global cocoa producer, while international cocoa organization data
[24] suggests that it is the fifth-largest global cocoa producer. Indonesian smallholder cocoa
production confronts multiple challenges on how to increase productivity as well as smallholder’s
prosperity, reduce pressure on forest conversion, and be adaptive and resilient to climate change [25].
Nearly a million hectares of forest was converted to cocoa farmland in Indonesia, especially in the
island of Sulawesi [26], most notably in the 1980s [27] during the period of cocoa booming. Such
conversion was intended to increase smallholder income, however it led to declining soil health by
reducing soil biodiversity and the soil microbiome [28,29], compacting soils, reducing infiltration and
soil water storage [30], depleting soil fertility [31], and reducing environmental services [32,33] such
as carbon storage [34,35].

In the last twenty years, cocoa farmland management in Sulawesi has been dynamic, very much
influenced by field experience and information gathered by returning migrant farmers from Malaysia
[24]. In the early 1970s to 1980s, cocoa was grown as mixed cropping with food crops (mostly in flat
land); much of the land was converted to monoculture (full sun) cocoa in the 1990s. The monoculture
practice expanded rapidly including on sloping lands, in response to the information from other
places that this system produces higher yields than cocoa grown under shade, especially in the short
term [36]. Yet, farmers eventually learnt that, in the longer term, cocoa grown as a single crop suffered
from pests and diseases, including the damaging vascular strike dieback, which can kill cocoa trees
under heavy infestation [37]. Farmers also claimed that monoculture cocoa suffers more from extreme
weather conditions (heavy rain or long dry periods), while monoculture cocoa only allows farmers
to earn money in the months during the harvest periods. Learning from this experience, many cocoa
farmers at present also grow other plants between cocoa trees, including horticultural crops, as shade
trees for the cocoa and as extra income sources for the farmers. While the structure and functions of
cocoa-based agroforestry practices are easily observed aboveground, their belowground roles are less
obvious and remain poorly documented, including carbon storage dynamics in terms of the various
agroforestry types and ages and its effects on climate change mitigation and adaptation, as well as
changes of soil properties affecting vulnerability to drought.

In this study, we explored the relationships between A) Agroforestry land cover, aboveground
and belowground carbon stocks, and B) Soil carbon and soil physical conditions, as steps towards
assessing contributions to CC adaptation have occurred in the context of southern Sulawesi where
farmers in the Polewali-Mandar District grow cocoa with three major systems: monoculture with
minimum shade trees and both simple- and complex- (multilayers) agroforestry systems of varying
ages. We tested the hypothesis that in cacao production systems, the farmer-level benefits from
agroforestry through increased water storage, contributing to climate change adaptation, are parallel
to global benefits of climate change mitigation through increased C storage. If such a synergy exists
between local and global climate change agendas, then it is easier for climate policy to provide
appropriate incentives.

2. Methods

2.1. Sampling Sites

We conducted the study in a mountainous landscape of Sulawesi, Indonesia with sample sites
ranging from 93 to 575 m above sea level (Figure 2), on five land cover types (all were directly
converted from primary forest according to local land use history) consisting of young smallholder
cocoa agroforestry (CAF4, 4 to 5 years old), medium-aged smallholder cocoa agroforestry (CAF10, 10
to 12 years old), old smallholder cocoa agroforestry (CAF17, 17 to 34 years), multistrata agroforest
(MAF45, 45 to 68 years after forest conversion) owned by smallholders, and remnant secondary
tropical forest (SF). Information on the year planted or converted from forest was obtained directly
from the farm owners who lived on and managed the farms. The sites of these agroforestry systems
(CAF4, CAF10, CAF1,7 and MAF45) are scattered at elevations between 100 to 300 m above the sea
level, with an 8 to 30% slope. The three sites of SFs are at >400 m above the sea level and 30 to over
40% slope. The average annual rainfall of the area is 2113 mm.
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Figure 2. A. The site distribution (satellite image) of remnant secondary forest (SF), multistrata
agroforest that is 45-68 years old (MAF45), cocoa agroforestry that is 17-34 years old (CAF17), cocoa
agroforestry that is 10-12 years old (CAF10), and cocoa agroforestry that is 4-5 years old (CAF4). The
topo-sequence positions are shown to indicate slopes and elevations of the systems. The cocoa

agroforestry sites are scattered randomly within 100 to 300 m above sea level (a.s.l.), generally 8 to
30% in slope, but the SFs are at >400 m a.s.1. with a slope from 30 to over 40%. CAF (of all ages) refers
to cocoa farming practices where at least five other tree species (with shade and/or direct use

functions) are used alongside cocoa trees as the main crop. MAF denotes a farming practice of

multiple tree species, dominated by horticultural trees, cocoa is not the main crop. B. A typical

(common) soil profile of the study area for all land uses showing abundance of rock fragments,

especially below a 20 or 30 cm depth. C. A profile of less stony soil (uncommon).

The plots differed in vegetation structure and stratification, but all had permanent litter layers

(Figure 3). We did not find remnants of natural (primary) forest in the neighborhood. The surface soil
of all land-uses was well covered by mulch (litter layer). For each land-cover type, we selected four
sites (replicates), managed by separate households; however, due to forest area limitations, only three
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sites were sampled in SF, in a single landscape location. Hence, across these five land-uses we
evaluated 19 plots.

Figure 3. Typical look of the five land-use systems, namely remnant secondary forest (SF), multistrata
agroforest that is 45-68 years old (MAF45), cocoa agroforestry that is 17-34 years old (CAF17), cocoa
agroforestry that is 10-12 years old (CAF10), and cocoa agroforestry that is 4-5 years old (CAF4).
Bottom right corner: SF being land-cleared using a chain saw and machete operated by the owner for

a new mixed cocoa agroforestry (CAF), without burning.

At the soil surface, the rock fragments covered 10 to 20 percent of the soil surface, but beyond a
30 cm depth, rocks occupied nearly half of the soil volume. Soils in each site varied from coarse- to
medium-textures (sandy loam, sandy clay loam, and loam), with an increase of clay content as the
depth increases. To minimize confounding effects of soil texture and elevation on C-organic
concentrations, we used reference values based on a pedotransfer function [9] as a basis of
comparisons. The pedotransfer function we used accounts for texture (microaggregate C protection)
and elevation (as proxy for temperature) effects on expected C-organic concentrations (with
coefficients for silt, clay, pH, elevation, and specific soil types) [13]; this was reconfirmed in recent
analysis [9], with an additional correction for sampling depths. The Cr values can help in judging
the validity of the ‘chronosequence’ interpretation of observed differences between land uses as being
‘caused’ by land use in an otherwise homogeneous background situation. Variations in texture (Table
1) stayed within the ‘Loam” and ‘Sandy Loam’ classes, with the lowest Crvalue 9% below and the
highest 14% above the mean for layer—specific results. This can be compared to Corg with a lowest
value 25% below and a highest one 59% above the average. Variation in texture can thus not be
ignored in the interpretation of plot-level Co:s results in relation to land use. For part of the analysis,
we relied on the Corg/Cref ratio as a potentially more sensitive indicator of land use effects [9], as it has
considered that the ‘chronosequence” interpretation assumes that there is no variation in texture.
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Table 1. Particle-size distribution (USDA classification), pH and derived reference organic carbon
concentration (C-ref, responding to texture and pH) of the soil to a depth of 30 cm, as test of
homogeneity of the sample sites used for the five land uses; values in brackets are standard errors of
the means of four measurements; for C-ref and measured C-org, the values are also provided after
normalization on the mean across land uses per soil layer.

Particle-size C

Soil e pH C-ref  Normalized Normalized
Land Distribution (g kg) . org
Use* Depth Soil Texture (IN (g C-ref Per ® C-org Per
(cm) Clay Silt Sand KCl) kg Layer ke) Layer
SF 0-10 128 176 674 Sandy 3.8 221 1.13 21.8 1.32
@9 (25) (54) loam  (0.2) (1.5) (0.3)
10-20 192 175 610 Sandy 36 153 1.14 21.6 1.59
48) (41) (67 loam  (0.3) (1.3) (0.5)
20-30 118 294 571 Sandy 3.8 13.0 1.09 17.7 1.47
(52)  (14) (65) loam  (0.5) (1.5) (3.2)
CAF4  0-10 82 309 606 Sandy 44 17.0 0.87 16.2 0.98
13) (52) (42) loam  (0.3) (1.0) (0.6)
10-20 96 323 567 Sandy 41 124 0.92 12.4 0.91
46) (33) (32) loam  (0.3) (0.7) (1.3)
20-30 8 375 527 Loam 3.7 114 0.96 10.4 0.87
22) (18) (24) 0.3) (0.5) (1.5)
CAF10 0-10 94 288 602 Sandy 41 198 1.01 15.1 0.92
19) (57) (43) loam  (0.3) (L.1) 1.2)
10-20 80 325 578 Sandy 39 132 0.98 114 0.84
25 (27) (39) loam  (0.2) (0.8) (1.3)
20-30 67 390 530 Loam 3.8 11.8 0.99 10.4 0.87
19 (37) (34) 0.2) (0.4) (1.4)
CAF17  0-10 93 341 554 Sandy 39 207 1.06 13.5 0.82
17) 43) @) loam  (0.4) (1.6) 1.1)
1020 138 319 525 Loam 34 142 1.05 10.2 0.75
@2) (26) (28 0.4) (07) (0.3)
20-30 138 347 504 Loam 35 124 1.04 10.0 0.83
G1) (44 (39) 0.4) (0.9) (0.6)
MAF45 0-10 119 254 607 Sandy 43 185 0.94 15.7 0.95
(33) (28) (36) loam  (0.4) (1.1) (2.0)
1020 131 267 583 Sandy 42 122 0.91 12.2 0.90
45) (15) (32) loam  (0.3) (0.5) 2.2)
20-30 124 313 540 Sandy 41 108 0.91 11.6 0.97
(50)  (45) (32) loam  (0.3) (0.4) (2.6)

* SF = secondary forest, CAF = cocoa agroforestry, MAF — multistrata agroforest, with years since the plot
establishment indicated

2.2. Land Cover

Beyond cocoa, a range of other fruit tree species was part of local agroforestry systems, including
langsat (Lansium domesticum Corr.), durian (Durio zibethinus Murr.), rambutan (Nephelium lappaceum
L.), jackfruit (Artocarpus heterophyllus Lam.), cempedak (Artocarpus integer (Thunb.) Merr.), star fruit
(Averrhoa carambola L.), and candlenut trees (Aleurites moluccanus L.). Timber trees include white teak
(Gmelina arborea Roxb.), sandalwood (Santalum album L.), cananga (Cananga odorata (Lam.) Hook.),
and bitti (Vitex cofassus Reinw.). Various bamboo species (Bambusoideae sp.) are also a source of
construction material, with young shoots as a food source. Bananas (Musa spp.), papaya (Carica papaya
L.), sugar palm (Arenga pinnata Merr.), and chili (Capsicum annuum L.) are present as readily
marketable food sources. As the ‘mother of cocoa’, gliricidia (Gliricidia sepium Jack.) was common as
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nitrogen-fixing shade trees, as was leucaena (Leucaena leucocephala (Lam.) de Wit). Most of these trees
were planted, although some sufficiently naturalized to spread spontaneously. Farmer management
is based on selective retention of trees with use value, similar to what was documented for Southeast
Sulawesi [38].

The vegetation found in the remnant forest (SF) was dominated by Castanopsis acuminatissima
(Blume) A., Symplocos polyandra (Blanco) Brand., rattan (Calamus deerratus G.Mann & H.Wendl.),
forest/wild pandan (Pandanus amaryllifolius Roxb.), bamboo (Bambusa spp), and some hardwood tree
species (locally named dao, bubun, nato) including kluwak (Pangium edule Reinw.), trees that are
locally called forest teak, gattungan, ebony (Diospyros celebica Bakh.), trees that are locally named
belating, candlenut, coffee (Coffea sp), cananga trees, and various shrubs. All these species are part of
Sulawesi’s native flora.

2.3. C—stock Measurements

Within the selected sites, based on the field vegetation conditions that represent the land-use
type, we set up four C-stock observation plots according to the RaCSA (Rapid Carbon Stock
Appraisal) procedure outlined by [39] and used in a cocoa landscape context by [38]. While other C
sampling protocols prefer circular plots to maximize plot homogeneity, the basic plot size in the
RACSA protocol is a transect-like 40 m by 5 m to include variation within a plot; some adjustments
to plot dimensions were made where 40 m x 5 m was not possible. Where we found trees with DBH
greater than 30 cm as in the SF, plot size was expanded for such trees to 100 m by 20 m, as they tend
to occur at lower frequency but have considerable impact on total biomass estimates [39]. On the
other hand, in cocoa farms (CAF17, CAF4 and CAF10) with regular cocoa planting distance of 3 m x
4 m, the plot size was increased to be 20 m by 20 m. In these plots, we measured all trees with a stem
diameter at breast height (DBH) of 5 to 30 cm. In every basic plot, we randomly selected six sub-plots
of 50 cm by 50 cm, where we measured C—stock of understory (destructing sampling), non-woody
necromass, and soil organic carbon (depth of 0-30 cm). For woody necromass, where present, we
followed the protocol of [39].

2.4. Aboveground and Belowground Biomass

Tree biomass was estimated allometrically from the stem diameters, using allometric equations
for Aboveground biomass (AGB in kg per tree) (Table 2), on the basis of stem diameter (D, in cm) at
1.3 m above the soil surface, with wood density o (in g cm-3, obtained from the World Agroforestry
database [http://db.worldagroforestry.org/wd, April 2014]. Wood density is used in allometric
equations that are derived across many different tree species; as these equations are calibrated on a
wider range of tree diameter data, equations that deviate from the simple power laws used for the
other equations account for a larger share of the variation in the calibration datasets [40].

Table 2. Allometric equations used for aboveground biomass (AGBest) based on stem diameter D.

Component Allometric Equation for AGBest Reference
Cocoa 0.1208 D198 [41]
Generic trees, humid tropics (rainfall 0 x exp (-1.499+2.148 In(D)+0.207 (In(D))? [40]
1500-4000 mm yr-1) —0.0281 (In(D))?)
Banana 0.030 D213 [42]
Palm 0.118 D253 [43]

Tree basal area (m? ha') was calculated by summing their cross—sectional area = D?/4 of all
sampled trees and scaling up from the sampled area, while converting from cm?to m2. Formulas used
to calculate woody necromass depend on the wood decomposition stage [39]. The decomposition
stage was assessed in the field based on ease of inserting a metal rod into woody necromass. On
recent tree falls, where the decomposition stage was low, the equations of Table 2 were used.
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However, where the necromass was highly decomposed, Equation 1 was used, and wood density
was assumed to be 0.4 g cm3 [39]:

Nb = o H D2/40 1)

where Nb is dry necromass (kg).

Measurement of understory biomass was done on six randomly selected quadrants of 50 cm by
50 cm in every land—-use. Understory vegetation in the quadrants was collected, weighed, then taken
to laboratory for oven—drying at 80 °C for 48 h. Due to massive and bulky understory biomass
samples, approximately 300 g sub—samples were taken from the field samples for dry weights. If the
samples were less than 300 g, the whole biomass was oven—dried. The understory dry weight (UD)
was calculated as the ratio of oven—dry weight to the sub—sample fresh weight multiplied by the total
fresh weight of understory biomass sampled in the field. Understory dry biomass of each land-use is
the average of the six replicates of the respective land-use. The litter collected was carefully cleaned
to remove adhering soil particles, before being taken to a laboratory for oven—drying at 80 °C, for 48
h. Calculation of litter biomass follows the same procedure as that for understory biomass.

Belowground biomass was estimated from the aboveground-tree root biomass relationship. A
default value of the canopy/root ratio of 4/1 for wet tropical forest trees was applied [44]. However,
for cocoa trees, we estimated the value based on the 6.7/1 ratio developed by [45].

2.5. Soil Properties

On 19 sub—plots (four sub—plots each in CAF4, CAF10, CAF17 and MAF45, and 3 sub—plots in
SF) we collected 57 of both disturbed and undisturbed soil samples at 0-10, 10-20, and 20-30 cm
depths. In each sub—plot, we collected about 1 kg of disturbed soil samples per layer, mixed
composite from six random spots within the same sub—plot for the measurements of soil organic
carbon (C-org), soil texture, and soil carbon pools. The undisturbed soil samples (also collected from
three soil depths at six random spots in each sub—plot) were used for bulk density, saturated
hydraulic conductivity, water retention, soil porosity, macro—porosity and aeration, available water
capacity (AWC), and soil structural quality measurements. C—org was determined according to the
Walkley and Black procedure outlined by [46]; bulk density was determined in each land use using
six large (20 cm long x 20 cm wide x 10 cm deep) core samples as well as six standard small (70 mm
inner diameter, 50 mm length) ring samplers according to [47]; soil texture was determined using the
pipet method outlined by [48] saturated hydraulic conductivity was measured in a laboratory at a
constant head [49] using undisturbed samples with six replicates for each form of land use. Using the
same undisturbed samples for saturated hydraulic conductivity and water retention at 0 and 5 kPa,
matric suctions were determined using a hanging water column system [50,51]. Soil porosity was
calculated from bulk density, assuming a particle density of mineral soils of 2.65 Mg m-3 [52]. Macro—
porosity (effective diameter >60 um) was calculated according to the soil pore (capillarity radius) —
matric suction relationship formula [53] at 5 kPa (0.50 m). Available water capacity was calculated as
the difference between water content at field capacity (-5 kPa matric potential) and at the wilting
point (1500 kPa), measured using a pressure chamber [54]. Soil carbon stocks were calculated from
bulk density and C-org data [9], pH was measured in 1IN KCL

3. Results

3.1. Density and Basal Area

Land occupancy by trees, expressed in terms of tree basal area, of secondary forest was the most
common form of land use (over 14 m? ha?); it was significantly reduced (p< 0.05) when land was
converted to other land uses (Table 3). Ten—to-twelve years old cocoa agroforestry (CAF10) had the
lowest tree occupancy (just over 5m2ha), but its difference with younger cocoa agroforestry systems
(CAF4) was not statistically significant. Generally, the basal area increased as the cocoa-based
agroforestry system aged.
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Young cocoa agroforestry systems had similar tree density to secondary forests (over 1000 trees
per hectare), which was two to four times that of other land uses (Table 3). The young cocoa-based
agroforestry had a significantly higher tree density compared with old cocoa-agroforestry and
multipurpose tree species agroforestry plots. While a 3 m x 3 m planting grid yields 1111 stems ha-,
the tree population reduces as trees grow older.

Table 3. Tree basal area and plant density of remnant secondary forest (SF), multistrata agroforest
that is 4568 years old (MAF45), cocoa agroforestry that is 17-34 years old (CAF17), cocoa agroforestry
that is 10-12 years old (CAF10), and cocoa agroforestry that is 4-5 years old (CAF4). The high plant
density for CAF4 was mainly due to a high population of cocoa and shade trees introduced into the
system. Shade trees are trees mainly planted to provide shade for cocoa, but several types also fix
atmospheric nitrogen and thus improve soil fertility.

Type of Tree or Plant SF MAF45 CAF17 CAF10 CAF4
Basal area (m2ha')
Timber trees 12.42 4.50 0.19 2.02
Fruit trees 4.02 3.11 0.50 2.73
Cocoa 0.70 3.71 2.13 2.71
Shade trees 2.88 0.76 1.75
Palms 0.90
Other trees 1.91 0.67 0.84
Total 14.332 10.78b 9.88p 5.41¢ 8.04pc
Plant density (trees ha')
Timber trees 498 79 5 5
Fruit trees 251 64 28 175
Cocoa 44 263 188 650
Shade trees 225 87 469
Palms 5
Bananas 75
Other trees 550 183 25
Total 10482 563 556p 307° 1394a

a,b,c Different letters along rows indicate significant differences (p < 0.05) according to Tukey’s test.

3.2. Soil Properties

Converting natural forest to any land use under cocoa agroforestry systems, including
multistrata agroforestry in Sulawesi, markedly reduced topsoil (0 to 30 cm depth) organic matter
concentration. In the remnant secondary forest, soil organic carbon concentration at the 0-10 cm
depth was 22 g kg, categorized as ‘high” according to [55] compared with only around 15 g kg~
(moderate) for non-forest systems (Figure 4a). Variations among the agroforestry land uses (non-
forest) were relatively small, within a 4 g kg (0.4%) range, compared to the decline from forest to
non—forest.

Surface soil bulk density values (Figure 4b) changed in the opposite direction from the pattern
of soil organic matter (Figure 4a). Having the highest C-organic concentration, secondary forest was
the least compacted. Consequently, inferred changes in the soil C stock in the top 30 cm of soil were
small.

Converting forest to cocoa agroforestry led to soil compaction and therefore decreased total
porosity (data not shown as it is the mirror of bulk density data); multistrata agroforestry mimics the
forest condition closest (it is the least compacted).
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Figure 4. Surface soil (0-30 cm depth) soil organic carbon status (a) and bulk density (b) of secondary
tropical forest (SF), multistrata agroforestry that is 45-68 years old (MAF45), cocoa agroforestry that
is 17-34 years old (CAF17), cocoa agroforestry that is 10 years old (CAF10), and cocoa agroforestry
that is 4-5 years old (CAF4). Bars are standard errors of the means.

Increased bulk density (reduced total porosity) resulted in the disappearance of part of the
macropores when they are >60 pm (Figure 5a), which consequently reduced the soil’s capacity to
conduct water (Figure 5b) and affected soil water availability (Figure 5c). The reduction in macro-
porosity caused by shifting a forest to CAF resulted in a decreased saturated hydraulic conductivity
(Figure 5b). Cocoa farms which were recently converted from forest had the lowest hydraulic
conductivity; apparently the hydraulic conductivity improved and became closer to that for forest as
the land use was transformed to cocoa agroforestry, especially for old cocoa agroforestry and
multistrata agroforest.
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Figure 5. Changes of soil surface (0-30 cm depth) macro—porosity (a), saturated hydraulic
conductivity (b) and available water capacity (c), resulted from shifting forest to cocoa farms and its
restoration through aging cocoa agroforestry systems that are 4-5 years old (CAF4), 10-12 years old
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(CAF10), and 17-34 years old (CAF17), and through multistrata agroforest that is 45—68 years old
(MAF45). Bars are standard errors of the means.

Converting forest to other land-uses also led to a change of soil water retention, which
specifically reduces the available water capacity, AWC (Figure 5c). Young cocoa agroforestry led to
the lowest hydraulic conductivity, but the figure improved closer toward that for forest as the land
use was managed using aged cocoa agroforestry and multipurpose tree species.

3.3. C—stock

Converting tropical forest to cocoa-based agroforestry led to a substantial total C-stock
decrease, from in total around 320 Mg ha! of secondary forest to about 75 to 150 Mg ha'! of cocoa—
based agroforestry (Figure 6). However, C—stock can be restored to approximately half of that found
in the forest through aging cocoa agroforestry or practicing long—term multistrata agroforestry
farming. While there was a large effect of land—use on the aboveground C-stock, no influence on the
soil C-stock was evident (Figure 6), due to the inclusion of a higher soil dry weight in the 0-30 cm
soil layers [9].

W Trees Il Understorey
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# Root £ Soils
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Figure 6. Total above- and below—ground carbon stock of remnant secondary forest (SF) compared
with cocoa agroforestry that is 4-5 years old (CAF4), cocoa agroforestry that is 10-12 years old
(CAF10), cocoa agroforestry that is 17-34 years old (CAF17), and multistrata agroforest that is 45-68
years old (MAF45). The figure demonstrates the total C—stock restoration from 4-5 (CAF4) to 17-34
years old cocoa agroforestry (CAF17) and to 45-68 years old multistrata agroforest (MAF45).

3.4. Available water capacity

Variable soil organic matter concentrations from different CAFs are associated with soil bulk
density (Figure 7a), and hence with soil macro—pore reduction (Figure 7b) and soil hydraulic
conductivity (Figure 7c). The decline of soil organic matter concentrations was correlated with soil
macro—pore collapse and modified pore-size distribution, eventually affecting available water
capacity (Figure 7d). Forest, having the highest organic matter concentrations, had the lowest bulk
density, and highest macro—porosity, hydraulic conductivity, and plant water availability (Figure 8).
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Figure 7. Surface soil bulk density (a), macro—porosity as percentage of total soil pores (b), saturated
hydraulic conductivity — Ks (c) and available water capacity - AWC, expressed in mm of water per
meter of soil (d) as related to soil organic matter measured at different cocoa—based agroforestry
systems, i.e., secondary forest (SF), cocoa agroforestry that is 4-5 years old (CAF4), 10-12 years old
(CAF10), and 17-34 years old (CAF17) and multistrata agroforest that is 45-68 years old (MAF45).
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Figure 8. Available water capacity (AWC), expressed as mm of water per meter of soil of young (4-5
yrs.) cocoa agroforestry (CAF4) compared to aging (17 to 34 yrs.) cocoa-based agroforestry, and old
(45-68 yrs.) multistrata agroforest (MAF45). Bars are standard errors of the means.

4. Discussion

Our results provided partial support for the hypothesis that in cacao production systems, the
farmer—level benefits of agroforestry through increased water storage, contributing to climate change
adaptation, are parallel to global benefits of climate change mitigation through increased C storage.
However, the changes in soil properties are slow and gradual and only a partial recovery towards
the conditions found in secondary forest was recorded, even for 45-year old mixed agroforest. This
slow belowground change relative to aboveground appearance is in—line with restoration experience
elsewhere [56].

Three steps are needed to assert a belowground contribution to climate change adaptation by
farmers (Figure 1): A. an increase in soil organic matter content, B. a functional role of changed soil
properties in the water balance reducing crop vulnerability to rainfall variability, and C. Deliberate
use by farmers to reduce their vulnerability. Our data referred to steps A and B.

In the tradition of ‘chronosequence’ research where surveys of existing plot-level land cover are
interpreted as a pseudo time-sequence, such as we did here, it is not easy, especially for soil
properties, to separate cause—effect relations from background variability. While aboveground C
stock data clearly differentiate the land cover types (Table 3), with only a partial recovery in older
mixed agroforest of the C stocks lost when local forests were converted, soil changes are more subtle.
As noted by [9] increased soil bulk density partly conceals reductions in Corg (expressed per unit dry
soil) when carbon stocks in the top 30 cm of soil are calculated. Thus, specific effects of land cover on
Corg and soil C stock are more clearly observed when Corg/Cret ratios are considered rather than direct
Corg Observations.

As second step in the argument we similarly obtained clearer evidence when the plot-level Corg
parameter, rather than land cover classes, was used as the basis for correlation with other soil
parameters. At around 20% of the variance accounted for (Figure 7), other sources of variation clearly
dominate. According to the regression equation of Figure 7d, increasing soil organic carbon by 1 g
per kilogram of soil (0.1% C-organic improvement) would give an increase of available soil water of
about 6 mm per meter of soil. Our data (Figs. 4 and 7) reveal that an increase of Corg of 4 g kg (0.4%)
is feasible when land cover is transformed to the MAF 45 conditions in multistrata agroforestry
available plant water, which can be around 9.6 mm per 0.4 m of soil (as most of the cocoa roots on
these stony soils are concentrated in this layer). An increase of 0.4% in 45 years from a base of around
2% corresponds with a soil C increase of 4 %o y' that is desirable as part of global climate change
policy [57], as the relative increase from 2.0 to 2.4 is 20% and 1.2V% = 1.004, corresponding with a
relative rate of increase of 4 %o y1.
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As the average evapotranspiration rate for the humid tropics is 3-4 mm day? [58] and
measurements in the dry seasons in Central Sulawesi indicated around 3.6 mm day-' [59], this extra
available water can support 50% of cocoa demand for water for any week without any rain in the
growing season. In the study area, the average rainfall in the driest months is only 50 mm [60]. The
additional AWC that can be expected with higher soil organic matter content, combines with the
reduction of soil evaporation where a permanent litter layer is present [61,62]. Such effects are not
dramatic but can at least partly offset increased demand for water by trees with active leaf canopies
[63]. However, if shade trees are as shallowly rooted as those in a recent West African case study [64]
were, then negative effects on cocoa survival are logical outcomes. Only with deep-rooted trees that
have access to deeper soil layers and share up to 1 mm day! to the topsoil by nighttime hydraulic
equilibration [65,66] can we expect substantive increases in dry season tolerance in agroforestry
systems. A number of the cocoa companion trees may have the deep rooting pattern necessary for
such effects, but location-specific observations will be needed to test that [67]. Shade trees in cocoa
agroforestry not only improved soil carbon concentrations in Southeast Sulawesi, but also soil
structure and aggregation [68], possibly facilitating cocoa root development, in line with our results
(Figure 7b) on macroporosity, that will also increase infiltration into the profile and reduction of
surface runoff [69]. The water—related functionality of Corghad coefficients of determination of around
20%, suggesting that other factors, such as details of soil structure, play a major role as well.

What matters to farmers is the overall effects on yield and economic performance of the plots
(e.g., in terms of return to labor). Intercropped shade-tree species with cocoa had little or no effects
on cocoa yield in earlier studies in Sulawesi [59,66]. Elsewhere the distance between shade trees and
cocoa was found to be important [70]. Although cocoa yields maybe higher under monocultures
system [71,72], returns derived from other agroforestry products compensated the difference in
economic terms [73]. Part of the tree diversity on cocoa agroforestry in SE Sulawesi was recently
attributed [39] to the fact that they harbor tree species prioritized by male farmers as well as those
favored by female farmers. At the interface of aboveground and belowground effects and
contributions to both mitigation and adaptation climate change agendas, cocoa agroforestry can
indeed be ‘climate-smart’, contributing to resilience and policy synergy [74]. As detailed in a recent
study in Southeast Sulawesi [75], the improvements of cocoa agroforestry relative to cocoa
monoculture are modest steps in the direction of physically restoring forest soil conditions.

5. Conclusions

In terms of total system, C stock cocoa agroforestry could recover up to half of the stocks of
secondary forest in the landscape, while conversion only left 23% of the original stock, essentially the
soil component. Belowground losses after forest conversion but also restoration are slower than the
changes aboveground.

Trees in agroforestry are not only relevant for C storage, but also as provider of farmer income,
as modifier of microclimate and in support of soil C storage. In contrast to aboveground C storage,
belowground increases in stock have functional relevance. Soil conditions connected to the capacity
for CC adaptation, especially minimum soil compaction, greater macro—porosity, and hydraulic
conductivity to allow high rain infiltration and higher available water capacity could be directly
linked to higher Corg concentrations across the land covers sampled. An increase of 1 g kg (0.1%) of
soil organic carbon increased available soil water capacity by 6% (vol/vol). Our data confirmed an
increase in available water capacity, relevant for survival of week-long dry spells. As such, a
contribution can be made to human adaptation to increased rainfall variability.

The water—related functionality of Cory had coefficients of determination of around 20%.
Belowground consequences of tree cover in agroforestry are only quantifiable in large data sets but
are likely as relevant as the more visible effects aboveground.

Our results confirmed that a shift from cocoa monoculture to forms of agroforestry has benefits
for the farmer in terms of an increased soil water buffering and soil structure that, even though
modest in effect size, contributes to tolerance of dry season conditions. These systems also contribute,
in modest amounts, to increased storage of carbon in aboveground and belowground pools that
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ought to be reflected in the country’s national C accounting system and be included in the Nationally
Determined Contributions to the Paris Agreement on combatting global climate change. A shift from
a focus on cocoa to be intensively managed as monoculture crop to one that is best grown in mixed
agroforestry systems, along with other tree commodities will be appropriate.
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http://www.mdpi.com/journal/land/

MDPI AG

St. Alban-Anlage 66, 4052 Basel Switzerland
Tel. +41 61 683 77 34; Fax +41 61 302 89 18
http://www.mdpi.com/

/Land/ is indexed in SSCI - Web of Science and Scopus!
Impact Factor: 2.429 (2019)

CiteScore 2019 (Scopus): 2.8.

Land is affiliated to IALE
http://www.landscape-ecology.org/home.html

van Noordwijk, Meine (ICRAF) <M.vanNoordwijk@cgiar.org> Wed, Aug 19, 2020 at 6:32 PM

To: Sikstus Gusli <sikstusgusli@unhas.ac.id>

Cc: Sri Sumeni <srisumeni31@gmail.com>, Riyami Sabodin <riyamial@gmail.com>, lkram Hadi Muqfi
<ikramhadimugfi@gmail.com>, Mustakim Nur <takimkure.20@gmail.com>, Kurniatun Hairiah <kurniatun_h@ub.ac.id>,
Daniel Useng <daniel.useng@agri.unhas.ac.id>

Dear Sikstus

Congratulations, the first time we got this far. The suggested revisions are classified as 'minor' (which means the editor
can decide whether or not revisions are sufficient), but we still have to take them seriously. A quick view on both
reviewers' comments suggests that most call for further explanation/details or are of a textual nature. Please let me (and
other co-authors) know where and how we can help. We're nearly there...

A warning: it is quite likely that what we submit next will appear in print, so this is the last chance for any substantial
revisions any of us may see as desirable.

Best regards

Meine

[Quoted text hidden]

Prof. Dr. Ir. Sikstus Gusli, M.Sc. <sikstusgusli@unhas.ac.id> Wed, Aug 19, 2020 at 7:40 PM

To: m.vannoordwijk@cgiar.org, K.Hairiah@cgiar.org

Attached is the comments from the editor and reviewers. Yes, it would be nice and much appreciated to also have your
assistance. The journal system does not seem to allow me to forward the letter directly, so | am attaching the copy-paste
words file now. | will see if | can directly forward the letter tonight. Thanks so much.

Regards,
SG

—————————— Forwarded message ---------

From: Lucia Lu <lucia.lu@mdpi.com>

Date: Wed, Aug 19, 2020 at 4:05 PM

Subject: [Land] Manuscript ID: land-913066 - Minor Revisions (deadline: 2020/8/24)
To: Sikstus Gusli <sikstusgusli@unhas.ac.id>

[Quoted text hidden]

[Quoted text hidden]

@ Revs 1&2 comments.docx
21K
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Prof. Dr. Ir. Sikstus Gusli, M.Sc. <sikstusgusli@unhas.ac.id> Wed, Aug 19, 2020 at 7:41 PM

To: "van Noordwijk, Meine (ICRAF)" <M.vanNoordwijk@cgiar.org>

Noted with thanks
[Quoted text hidden]

van Noordwijk, Meine (ICRAF) <M.vanNoordwijk@cgiar.org> Wed, Aug 19, 2020 at 8:11 PM

To: "Hairiah, Kurniatun (ICRAF)" <K.Hairiah@cgiar.org>, "Prof. Dr. Ir. Sikstus Gusli, M.Sc." <sikstusgusli@unhas.ac.id>

Thanks, yes as coauthor | can see this - there's also a pdf with details on the references, easy to fix. We'll
need the usual point by point response to each suggestion. Meine

Get Outlook for Android

From: Prof. Dr. Ir. Sikstus Gusli, M.Sc. <sikstusgusli@unhas.ac.id>

Sent: Wednesday, August 19, 2020 6:40:45 PM

To: van Noordwijk, Meine (ICRAF) <M.vanNoordwijk@cgiar.org>; Hairiah, Kurniatun (ICRAF)
<K.Hairiah@cgiar.org>

Subject: Fwd: [Land] Manuscript ID: land-913066 - Minor Revisions (deadline: 2020/8/24)

[Quoted text hidden]

Lucia Lu <lucia.lu@mdpi.com> Fri, Aug 21, 2020 at 1:40 PM

Reply-To: lucia.lu@mdpi.com

To: Sikstus Gusli <sikstusgusli@unhas.ac.id>

Cc: Sri Sumeni <srisumeni31@gmail.com>, Riyami Sabodin <riyamial@gmail.com>, Ikram Hadi Mudfi
<ikramhadimugfi@gmail.com>, Mustakim Nur <takimkure.20@gmail.com>, Kurniatun Hairiah <kurniatun_h@ub.ac.id>,
Daniel Useng <daniel.useng@agri.unhas.ac.id>, Meine van Noordwijk <m.vannoordwijk@cgiar.org>, Land Editorial Office
<land@mdpi.com>

Dear Professor Gusli,
Greetings!

We just received another major report today, please access our system to
check it and follow to revise accordingly.

Link:
https://susy.mdpi.com/user/manuscripts/resubmit/55f0cae7077da0cc7b691933803a811e

In case of any further concerns, please feel free to contact us.

Best Regards,

Ms. Lucia Lu,

Assistant Editor

Email: lucia.lu@mdpi.com

/Land/ is indexed in SSCI - Web of Science and Scopus!
Impact Factor: 2.429 (2019)
CiteScore 2019 (Scopus): 2.8.

Land Call for Review
https://www.mdpi.com/journal/land/announcements

Land Best Paper Award:
https://www.mdpi.com/journal/land/awards
[Quoted text hidden]

Prof. Dr. Ir. Sikstus Gusli, M.Sc. <sikstusgusli@unhas.ac.id> Fri, Aug 21, 2020 at 7:08 PM

To: lucia.lu@mdpi.com
https://mail.google.com/mail/u/0/?ik=8b0de69986 &view=pt&search=all&permthid=thread-f%3A1675440220469893512&simpl=msg-f%3A1675440220...
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7/18/22, 11:34 AM Universitas Hasanuddin Mail - [Land] Manuscript ID: land-913066 - Minor Revisions (deadline: 2020/8/24)
Cc: Sri Sumeni <srisumeni31@gmail.com>, Riyami Sabodin <riyamial@gmail.com>, [kram Hadi Mudfi
<ikramhadimugfi@gmail.com>, Mustakim Nur <takimkure.20@gmail.com>, Kurniatun Hairiah <kurniatun_h@ub.ac.id>,
Daniel Useng <daniel.useng@agri.unhas.ac.id>, Meine van Noordwijk <m.vannoordwijk@cgiar.org>, Land Editorial Office
<land@mdpi.com>
Dear editor,
Well noted. Yes, we will also address the additional comments/requests.

Thanks so much,

Sikstus Gusli
[Quoted text hidden]
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Lucia Lu <lucia.lu@mdpi.com> Wed, Sep 2, 2020 at 4:10 PM
Reply-To: lucia.lu@mdpi.com

To: Sikstus Gusli <sikstusgusli@unhas.ac.id>

Cc: Sri Sumeni <srisumeni31@gmail.com>, Riyami Sabodin <riyamial@gmail.com>, [kram Hadi Mudfi
<ikramhadimugfi@gmail.com>, Mustakim Nur <takimkure.20@gmail.com>, Kurniatun Hairiah <kurniatun_h@ub.ac.id>,
Daniel Useng <daniel.useng@agri.unhas.ac.id>, Meine van Noordwijk <m.vannoordwijk@cgiar.org>, Land Editorial Office
<land@mdpi.com>

Dear Professor Gusli,
Thank you for submitting your manuscript:

Manuscript ID: land-913066

Type of manuscript: Article

Title: Soil organic matter, mitigation of and adaptation to climate change in
cocoa-based agroforestry systems

Authors: Sikstus Gusli *, Sri Sumeni, Riyami Sabodin, Ikram Hadi Mudfi,
Mustakim Nur, Kurniatun Hairiah, Daniel Useng, Meine van Noordwijk
Received: 11 August 2020

E-mails: sikstusgusli@unhas.ac.id, srisumeni31@gmail.com, riyamial@gmail.com,
ikramhadimugfi@gmail.com, takimkure.20@gmail.com, kurniatun_h@ub.ac.id,
daniel.useng@agri.unhas.ac.id, m.vannoordwijk@cgiar.org
Agroforestry-Based Ecosystem Services
https://www.mdpi.com/journal/land/special_issues/agroforestry ES

It has been reviewed by experts in the field and we request that you make

minor revisions before it is processed further. Please find your manuscript

and the review reports at the following link:
https://susy.mdpi.com/user/manuscripts/resubmit/55f0cae7077da0cc7b691933803a811e

Your co-authors can also view this link if they have an account in our
submission system using the e-mail address in this message.

Please revise the manuscript according to the reviewers' comments and upload
the revised file within 3 days. Use the version of your manuscript found at
the above link for your revisions, as the editorial office may have made
formatting changes to your original submission. Any revisions should be
clearly highlighted, for example using the "Track Changes" function in
Microsoft Word, so that they are easily visible to the editors and reviewers.
Please provide a short cover letter detailing any changes, for the benefit of
the editors and reviewers. Please detail the revisions that have been made,
citing the line number and exact change, so that the editor can check the
changes expeditiously. Simple statements like ‘done’ or ‘revised as
requested’ will not be accepted unless the change is simply a typographical
error.

If the reviewers have suggested that your manuscript should undergo extensive
English editing, please have the English in the manuscript thoroughly checked
and edited for language and form. Alternatively, MDPI provides an English
editing service checking grammar, spelling, punctuation and some improvement
of style where necessary for an additional charge (extensive re-writing is

not included), see details at https://www.mdpi.com/authors/english.

Do not hesitate to contact us if you have any questions regarding the
revision of your manuscript or if you need more time. We look forward to
hearing from you soon.

https://mail.google.com/mail/u/0/?ik=8b0de69986 &view=pt&search=all&permthid=thread-f%3A1676708891560453952&simpl=msg-f%3A1676708891...  1/7
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Kind regards,

Lucia Lu

Assistant Editor

Email: Lucia.Lu@mdpi.com

MDPI Branch Office, Beijing

Land Editorial Office

E-mail: land@mdpi.com
http://www.mdpi.com/journal/land/

MDPI AG

St. Alban-Anlage 66, 4052 Basel Switzerland
Tel. +41 61 683 77 34; Fax +41 61 302 89 18
http://www.mdpi.com/

/Land/ is indexed in SSCI - Web of Science and Scopus!
Impact Factor: 2.429 (2019)

CiteScore 2019 (Scopus): 2.8.

Land is affiliated to IALE
http://www.landscape-ecology.org/home.html

van Noordwijk, Meine (ICRAF) <M.vanNoordwijk@cgiar.org> Wed, Sep 2, 2020 at 4:21 PM

To: Sikstus Gusli <sikstusgusli@unhas.ac.id>

Cc: Sri Sumeni <srisumeni31@gmail.com>, Riyami Sabodin <riyamial@gmail.com>, lkram Hadi Muqfi
<ikramhadimugfi@gmail.com>, Mustakim Nur <takimkure.20@gmail.com>, Kurniatun Hairiah <kurniatun_h@ub.ac.id>,
Daniel Useng <daniel.useng@agri.unhas.ac.id>

Dear sikstus
Finish-line is in sight... Meine
These are the suggestions:

"Authors have done a great job addressing all reviewer comments and suggestions. The manuscript is almost ready, and
only few minor changes are necessary, namely: -

Figure 1. I) To keep the same layout, you should add a title in “A.”, as you have done with “B. Structure <-> Function”. II)
The right part of the figure is too dense. | suggest writing the words and terms related to ‘Trees’ in green colour, those
linked to ‘Soil’ in brown colour, and those related to ‘Water’ in blue colour. This simple change will make the chart more
readable. -

Figure 2. | suggest taking advantage of the empty space in the right part of the figure. You can add pictures of the soil
profiles —up to 30 cm soil depth— that you did to collect soil samples. This simple exercise will illustrate the visual changes
on soil properties from topsoil to deeper soil layer. -

Figure 3. You can use the empty space —in the lower bright corner— to include a new picture showing the tillage practices
or machinery used in the new plantations. To show how the soil and landscape look just before starting a new plantation
will add interesting information of the ‘starting point’. -

Conclusions. They are concise and to-the-point, but | miss a suggestion or recommendation to the policy makers and
farmers. | would like to read your suggestion/s to these people in order to improve the sustainable management of the
cocoa plantation —in terms of carbon storage— in the specific region where this study has been done.

I looking forward to reading the final version of this study."
[Quoted text hidden]

Prof. Dr. Ir. Sikstus Gusli, M.Sc. <sikstusgusli@unhas.ac.id> Fri, Sep 4, 2020 at 11:51 AM

To: Lucia Lu <lucia.lu@mdpi.com>
Dear Dr Lucia Lu,

We have resubmitted the revised documents including the manuscript in Word and PDF files, the revised figures in PDF
file, and the cover letter. To make sure that these files do reach you, we also attach them to this email. It seems the
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system only allows me to choose one file.
Thanks for the great assistance.
Have a good weekend,

Sikstus Gusli
[Quoted text hidden]

4 attachments

@ Revised manuscript 040920-Land-Sikstus.docx
12714K

ﬂ Revised manuscript 040920-Land-Sikstus.pdf
1723K

ﬂ Revised figures 040920-Land-Sikstus.pdf
1378K

@ Cover letter revised 040920-Land-Sikstus.docx
14K

Lucia Lu <lucia.lu@mdpi.com> Fri, Sep 4, 2020 at 1:57 PM
To: "Prof. Dr. Ir. Sikstus Gusli, M.Sc." <sikstusgusli@unhas.ac.id>
Cc: Land Editorial Office <land@mdpi.com>

Dear Professor Gusli,

Thanks for your message.

We have received your revised versions. However,as you have not uploaded
the review report (round 2), we couldn't upload your revisions in the
system. Please upload response to the reviewer 2 within today.
Then we will proceed this manuscript.

Have a good day!

Best Regards,

Ms. Lucia Lu,

Assistant Editor

Email: lucia.lu@mdpi.com

/Land/ is indexed in SSCI - Web of Science and Scopus!

Impact Factor: 2.429 (2019)

CiteScore 2019 (Scopus): 2.8.

Land Call for Review
https://www.mdpi.com/journal/land/announcements

Land Best Paper Award:
https://www.mdpi.com/journal/land/awards

On 2020/9/4 11:51, Prof. Dr. Ir. Sikstus Gusli, M.Sc. wrote:
Dear Professor Gusli,
Prof. Dr. Ir. Sikstus Gusli, M.Sc. <sikstusgusli@unhas.ac.id> Fri, Sep 4, 2020 at 3:53 PM
To: Lucia Lu <lucia.lu@mdpi.com>

Dear Dr Lucia Lu,

| did upload to the system the revised manuscript before through the available windows "choose file" before. And to make
sure | also sent them to your email previously. What should we do now, as | can no longer enter the system.

https://mail.google.com/mail/u/0/?ik=8b0de69986 &view=pt&search=all&permthid=thread-f%3A1676708891560453952&simpl=msg-f%3A1676708891...  3/7


https://mail.google.com/mail/u/0/?ui=2&ik=8b0de69986&view=att&th=174573e13acba5c4&attid=0.1&disp=attd&realattid=f_kenp8e4q0&safe=1&zw
https://mail.google.com/mail/u/0/?ui=2&ik=8b0de69986&view=att&th=174573e13acba5c4&attid=0.2&disp=attd&realattid=f_kenpa6ai1&safe=1&zw
https://mail.google.com/mail/u/0/?ui=2&ik=8b0de69986&view=att&th=174573e13acba5c4&attid=0.3&disp=attd&realattid=f_kenpb0522&safe=1&zw
https://mail.google.com/mail/u/0/?ui=2&ik=8b0de69986&view=att&th=174573e13acba5c4&attid=0.4&disp=attd&realattid=f_kenpbdvs3&safe=1&zw
mailto:lucia.lu@mdpi.com
https://www.mdpi.com/journal/land/announcements
https://www.mdpi.com/journal/land/awards

7/18/22, 11:32 AM Universitas Hasanuddin Mail - [Land] Manuscript ID: land-913066 - Minor Revisions (deadline: 2020/9/5)

Regards,

Sikstus Gusli
[Quoted text hidden]

Lucia Lu <lucia.lu@mdpi.com> Fri, Sep 4, 2020 at 3:58 PM
To: "Prof. Dr. Ir. Sikstus Gusli, M.Sc." <sikstusgusli@unhas.ac.id>
Cc: Land Editorial Office <land@mdpi.com>
Dear Professor Gusli,
Thanks for your message. | received your revisions, but there is no response to the Reviewer 2 in the second round.
You can send me the review report (round 2) through email, and then we will help to upload the revised versions.
In case of any questions, please let us know.
Have a good day!
Best Regards,
Ms. Lucia Lu,
Assistant Editor
Email: lucia.lu@mdpi.com
/Land/ is indexed in SSCI - Web of Science and Scopus!
Impact Factor: 2.429 (2019)
CiteScore 2019 (Scopus): 2.8.

Land Call for Review
https://www.mdpi.com/journal/land/announcements

Land Best Paper Award:
https://www.mdpi.com/journal/land/awards

[Quoted text hidden]

Prof. Dr. Ir. Sikstus Gusli, M.Sc. <sikstusgusli@unhas.ac.id> Fri, Sep 4, 2020 at 4:05 PM
To: Lucia Lu <lucia.lu@mdpi.com>

Dear Dr Lucia Lu,

As | can no longer access the Land website to upload the file again, could you please open it for me again? Sorry for
troubling you again.

Thank you very much

Sikstus Gusli
[Quoted text hidden]

Lucia Lu <lucia.lu@mdpi.com> Fri, Sep 4, 2020 at 4:16 PM
To: "Prof. Dr. Ir. Sikstus Gusli, M.Sc." <sikstusgusli@unhas.ac.id>
Cc: Land Editorial Office <land@mdpi.com>

Dear Professor Gusli,

You can submit the response at this link:

https://susy.mdpi.com/user/manuscripts/resubmit/55f0cae7077da0cc7b691933803a811e

| can open this link from the website, could you please try again? You can see the details in the attachment and upload
the response. Or you can send me the response (round 2) through email.

https://mail.google.com/mail/u/0/?ik=8b0de69986 &view=pt&search=all&permthid=thread-f%3A1676708891560453952&simpl=msg-f%3A1676708891...  4/7
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Looking forward to your reply.

Have a good day!

Best Regards,

Ms. Lucia Lu,

Assistant Editor

Email: lucia.lu@mdpi.com

/Land/ is indexed in SSCI - Web of Science and Scopus!
Impact Factor: 2.429 (2019)

CiteScore 2019 (Scopus): 2.8.

Land Call for Review
https://www.mdpi.com/journal/land/announcements

Land Best Paper Award:
https://www.mdpi.com/journal/land/awards

On 2020/9/4 16:05, Prof. Dr. Ir. Sikstus Gusli, M.Sc. wrote:
Dear Dr Lucia Lu,

As | can no longer access the Land website to upload the file again, could you please open it for me again? Sorry for
troubling you again.

Thank you very much

Sikstus Gusli

On Fri, Sep 4, 2020 at 3:58 PM Lucia Lu <lucia.lu@mdpi.com <mailto:lucia.lu@mdpi.com>> wrote:
Dear Professor Gusli,

Thanks for your message. | received your revisions, but there is no
response to the Reviewer 2 in the second round.

You can send me the review report (round 2) through email, and then we
will help to upload the revised versions.

In case of any questions, please let us know.
Have a good day!

Best Regards,

Ms. Lucia Lu,

Assistant Editor

Email: lucia.lu@mdpi.com <mailto:lucia.lu@mdpi.com>
[Quoted text hidden]
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Prof. Dr. Ir. Sikstus Gusli, M.Sc. <sikstusgusli@unhas.ac.id> Fri, Sep 4, 2020 at 4:23 PM

To: Lucia Lu <lucia.lu@mdpi.com>

Dear Dr Lucia Lu,
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Sorry for making this procedure complicated to you. | am hereby sending you the review report (round 2), while | will also
try once again to send through the system. | hope this is what you need in addition to the revised manuscript.

Thank you for your kind support.

Sikstus Gusli

[Quoted text hidden]

@ Response to reviewer 2 (2nd round).docx
12K

Lucia Lu <lucia.lu@mdpi.com> Fri, Sep 4, 2020 at 4:38 PM
To: "Prof. Dr. Ir. Sikstus Gusli, M.Sc." <sikstusgusli@unhas.ac.id>
Cc: Land Editorial Office <land@mdpi.com>

Dear Professor Gusli,

We regret that the response to the R2 is wrong. The R2's comments in the second review is only one sentence "The
paper would have been improved by adequate experimental design". Could you please check and upload again? Or you
can send the response to me.

Looking forward to your reply.
Have a good day!

Best Regards,

Ms. Lucia Lu,

Assistant Editor

Email: lucia.lu@mdpi.com

/Land/ is indexed in SSCI - Web of Science and Scopus!
Impact Factor: 2.429 (2019)

CiteScore 2019 (Scopus): 2.8.

Land Call for Review
https://www.mdpi.com/journal/land/announcements

Land Best Paper Award:

https://www.mdpi.com/journal/land/awards

Disclaimer: The information and files contained in this message are confidential and intended solely for the use of the
individual or entity to whom they are addressed. If you have received this message in error, please notify me and delete
this message from your system. You may not copy this message in its entirety or in part, or disclose its contents to
anyone.

[Quoted text hidden]

Prof. Dr. Ir. Sikstus Gusli, M.Sc. <sikstusgusli@unhas.ac.id> Fri, Sep 4, 2020 at 4:56 PM
To: Lucia Lu <lucia.lu@mdpi.com>

Dear Dr Lucia Lu,

We are lucky that you are so patient to us. Here is the explanation to reviewer 2 on experimental design (already
mentioned in the paper):

Our data are based on a survey of existing conditions, not on a designed and randomized design. We address the
underlying assumptions of a ‘chronosequence' interpretation by correcting for possible confounding factors such as
variation in texture.

We hope this explanation can satisfy the reviewer comments.
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Sikstus Gusli
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Editorial Office <land@mdpi.com> Tue, Aug 11, 2020 at 5:38 PM
Reply-To: land@mdpi.com

To: Sikstus Gusli <sikstusgusli@unhas.ac.id>

Cc: Sri Sumeni <srisumeni31@gmail.com>, Riyami Sabodin <riyamial@gmail.com>, [kram Hadi Mudfi
<ikramhadimugfi@gmail.com>, Mustakim Nur <takimkure.20@gmail.com>, Kurniatun Hairiah <kurniatun_h@ub.ac.id>,
Daniel Useng <daniel.useng@agri.unhas.ac.id>, Meine van Noordwijk <m.vannoordwijk@cgiar.org>

Dear Professor Gusli,

Thank you very much for uploading the following manuscript to the MDPI
submission system. One of our editors will be in touch with you soon.

Journal name: Land

Manuscript ID: land-913066

Type of manuscript: Article

Title: Soil organic matter, mitigation of and adaptation to climate change in
cocoa-based agroforestry systems

Authors: Sikstus Gusli *, Sri Sumeni, Riyami Sabodin, Ikram Hadi Mudfi,
Mustakim Nur, Kurniatun Hairiah, Daniel Useng, Meine van Noordwijk
Received: 11 August 2020

E-mails: sikstusgusli@unhas.ac.id, srisumeni31@gmail.com, riyamial@gmail.com,
ikramhadimugfi@gmail.com, takimkure.20@gmail.com, kurniatun_h@ub.ac.id,
daniel.useng@agri.unhas.ac.id, m.vannoordwijk@cgiar.org

You can follow progress of your manuscript at the following link (login
required):
https://susy.mdpi.com/user/manuscripts/review_info/55f0cae7077da0cc7b691933803a811e

The following points were confirmed during submission:

1. Land is an open access journal with publishing fees of 1400 CHF for an
accepted paper (see https://www.mdpi.com/about/apc/ for details). This
manuscript, if accepted, will be published under an open access Creative
Commons CC BY license (https://creativecommons.org/licenses/by/4.0/), and |
agree to pay the Article Processing Charges as described on the journal
webpage (https://www.mdpi.com/journal/land/apc). See
https://www.mdpi.com/about/openaccess for more information about open access
publishing.

Please note that you may be entitled to a discount if you have previously
received a discount code or if your institute is participating in the MDPI
Institutional Open Access Program (IOAP), for more information see
https://www.mdpi.com/about/ioap. If you have been granted any other special
discounts for your submission, please contact the Land editorial office.

2. | understand that:

a. If previously published material is reproduced in my manuscript, | will
provide proof that | have obtained the necessary copyright permission.
(Please refer to the Rights & Permissions website:
https://www.mdpi.com/authors/rights).

b. My manuscript is submitted on the understanding that it has not been
published in or submitted to another peer-reviewed journal. Exceptions to
this rule are papers containing material disclosed at conferences. | confirm
that | will inform the journal editorial office if this is the case for my
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manuscript. | confirm that all authors are familiar with and agree with
submission of the contents of the manuscript. The journal editorial office
reserves the right to contact all authors to confirm this in case of doubt. |

will provide email addresses for all authors and an institutional e-mail
address for at least one of the co-authors, and specify the name, address and
e-mail for invoicing purposes.

If you have any questions, please do not hesitate to contact the Land
editorial office at land@mdpi.com

Kind regards,

Land Editorial Office

St. Alban-Anlage 66, 4052 Basel, Switzerland
E-Mail: land@mdpi.com

Tel. +41 61 683 77 34

Fax: +41 61 302 89 18

*** This is an automatically generated email ***

Prof. Dr. Ir. Sikstus Gusli, M.Sc. <sikstusgusli@unhas.ac.id> Tue, Aug 11, 2020 at 8:00 PM
To: land@mdpi.com

Dear editorial team,

| apologize for not including the cover letter during the submission earlier today. If somehow it is still possible to include in
my submission folder, | am attaching the cover letter in this email.

Your kind assistance is much appreciated.
Thank you,

Sikstus Gusli
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Reply-To: land@mdpi.com
To: "Prof. Dr. Ir. Sikstus Gusli, M.Sc." <sikstusgusli@unhas.ac.id>

Dear Professor Gusli,

Thank you for your submission and message. | updated the cl on the
system. We shall further check this paper.

Wish you all the best!

Best Regards,

Ms. Cosette Yuan,

Land Managing Editor

Email: cosette.yuan@mdpi.com
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On 2020/8/11 20:00, Prof. Dr. Ir. Sikstus Gusli, M.Sc. wrote:
Dear editorial team,

| apologize for not including the cover letter during the submission
earlier today. If somehow it is still possible to include in my
submission folder, | am attaching the cover letter in this email.

Your kind assistance is much appreciated.
Thank you,
Sikstus Gusli

On Tue, Aug 11, 2020 at 5:38 PM Editorial Office <land@mdpi.com
<mailto:land@mdpi.com>> wrote:

Dear Professor Gusli,

Thank you very much for uploading the following manuscript to the
MDPI submission system. One of our editors will be in touch with you
soon.

Journal name: Land Manuscript ID: land-913066 Type of manuscript:
Article Title: Soil organic matter, mitigation of and adaptation to
climate change in cocoa-based agroforestry systems Authors: Sikstus
Gusli *, Sri Sumeni, Riyami Sabodin, lkram Hadi Mugfi, Mustakim Nur,
Kurniatun Hairiah, Daniel Useng, Meine van Noordwijk Received: 11
August 2020 E-mails: sikstusgusli@unhas.ac.id
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Land editorial office at land@mdpi.com <mailto:land@mdpi.com>

Kind regards,
Land Editorial Office St. Alban-Anlage 66, 4052 Basel, Switzerland

E-Mail: land@mdpi.com <mailto:land@mdpi.com> Tel. +41 61 683 77 34
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Reply-To: Lucia Lu <lucia.lu@mdpi.com>, Land Editorial Office <land@mdpi.com>

To: Sikstus Gusli <sikstusgusli@unhas.ac.id>

Cc: Sri Sumeni <srisumeni31@gmail.com>, Riyami Sabodin <riyamial@gmail.com>, [kram Hadi Mudfi
<ikramhadimugfi@gmail.com>, Mustakim Nur <takimkure.20@gmail.com>, Kurniatun Hairiah <kurniatun_h@ub.ac.id>,
Daniel Useng <daniel.useng@agri.unhas.ac.id>, Meine van Noordwijk <m.vannoordwijk@cgiar.org>, Land Editorial Office
<land@mdpi.com>, Lucia Lu <lucia.lu@mdpi.com>

Dear Professor Gusli,

We are pleased to inform you that the following paper has been officially
accepted for publication:

Manuscript ID: land-913066

Type of manuscript: Article

Title: Soil organic matter, mitigation of and adaptation to climate change in
cocoa-based agroforestry systems

Authors: Sikstus Gusli *, Sri Sumeni, Riyami Sabodin, Ikram Hadi Mudfi,

Mustakim Nur, Kurniatun Hairiah, Daniel Useng, Meine van Noordwijk

Received: 11 August 2020

E-mails: sikstusgusli@unhas.ac.id, srisumeni31@gmail.com, riyamial@gmail.com,
ikramhadimugfi@gmail.com, takimkure.20@gmail.com, kurniatun_h@ub.ac.id,
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Agroforestry-Based Ecosystem Services
https://www.mdpi.com/journal/land/special_issues/agroforestry ES
https://susy.mdpi.com/user/manuscripts/review_info/55f0cae7077da0cc7b691933803a811e

We will now make the final preparations for publication, then return the
manuscript to you for your approval.

If, however, extensive English edits are required to your manuscript, we will
need to return the paper requesting improvements throughout.

We encourage you to set up your profile at SciProfiles.com, MDPI's
researcher network platform. Articles you publish with MDPI will be linked to
your SciProfiles page, where colleagues and peers will be able to see all of
your publications, citations, as well as your other academic contributions.

We also invite you to contribute to Encyclopedia (https://encyclopedia.pub),
a scholarly platform providing accurate information about the latest research
results. You can adapt parts of your paper to provide valuable reference
information for others in the field.

Kind regards,

Lucia Lu

Assistant Editor

Email: Lucia.Lu@mdpi.com

MDPI Branch Office, Beijing

Land Editorial Office
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van Noordwijk, Meine (ICRAF) <M.vanNoordwijk@cgiar.org> Thu, Sep 10, 2020 at 10:14 AM

To: Sikstus Gusli <sikstusgusli@unhas.ac.id>

Cc: Sri Sumeni <srisumeni31@gmail.com>, Riyami Sabodin <riyamial@gmail.com>, lkram Hadi Muqfi
<ikramhadimugfi@gmail.com>, Mustakim Nur <takimkure.20@gmail.com>, Kurniatun Hairiah <kurniatun_h@ub.ac.id>,
Daniel Useng <daniel.useng@agri.unhas.ac.id>

Hurray!!
Meine
[Quoted text hidden]

Prof. Dr. Ir. Sikstus Gusli, M.Sc. <sikstusgusli@unhas.ac.id> Thu, Sep 10, 2020 at 4:07 PM

To: Lucia Lu <lucia.lu@mdpi.com>, Land Editorial Office <land@mdpi.com>
Cc: Sri Sumeni <srisumeni31@gmail.com>, Riyami Sabodin <riyamial@gmail.com>, lkram Hadi Muqfi
<ikramhadimugfi@gmail.com>, Mustakim Nur <takimkure.20@gmail.com>, Kurniatun Hairiah <kurniatun_h@ub.ac.id>,
Daniel Useng <daniel.useng@agri.unhas.ac.id>, Meine van Noordwijk <m.vannoordwijk@cgiar.org>, Land Editorial Office
<land@mdpi.com>, Lucia Lu <lucia.lu@mdpi.com>

Dear Dr Lucia Lu,

Thanks for the acceptance notification of our paper and the assistance during the review process.
On behalf of the authors,

Sikstus Gusli
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MDPI Billing <billing@mdpi.com> Thu, Sep 10, 2020 at 2:05 PM
Reply-To: billing@mdpi.com

To: Sikstus Gusli <sikstusgusli@unhas.ac.id>

Cc: Lucia Lu <lucia.lu@mdpi.com>, Billing Dpt <billing@mdpi.com>, Land Editorial Office <land@mdpi.com>, "Dr. Lin"
<lin@mdpi.com>

Dear Professor Gusli,

Please find attached the invoice for your recently accepted paper. Follow

this link to adjust the currency, change the address, or add comments, as

necessary:
https://susy.mdpi.com/user/manuscript/55f0cae7077da0cc7b691933803a811e/invoice/851355.

For immediate payment by credit card, visit https://payment.mdpi.com/851355.

If you would like to use a different method of payment, click here:
https://www.mdpi.com/about/payment. Please include the invoice ID
(land-913066) as reference in any transaction.

APC invoice amount: 1400.00 CHF

Manuscript ID: land-913066

Type of manuscript: Article

Title: Soil Organic Matter, Mitigation of and Adaptation to Climate Change in
Cocoa-based Agroforestry Systems

Authors: Sikstus Gusli *, Sri Sumeni, Riyami Sabodin, Ikram Hadi Mudfi,
Mustakim Nur, Kurniatun Hairiah, Daniel Useng, Meine van Noordwijk
Received: 11 August 2020

E-mails: sikstusgusli@unhas.ac.id, srisumeni31@gmail.com, riyamial@gmail.com,
ikramhadimugfi@gmail.com, takimkure.20@gmail.com, kurniatun_h@ub.ac.id,
daniel.useng@agri.unhas.ac.id, m.vannoordwijk@cgiar.org
Agroforestry-Based Ecosystem Services
https://www.mdpi.com/journal/land/special_issues/agroforestry ES

We will publish your accepted paper in open access format immediately upon
receipt of the article processing charge (APC) and completion of the editing
process.

If you encounter any problems revising the invoice or cannot access the link,
please contact invoices@mdpi.com

Thank you very much for your support of open access publishing.

Kind regards,
Aleksandra Cuculovic

MDPI

Financial Management

St. Alban-Anlage 66

4052 Basel, Switzerland

Tel. +41 61 683 77 35; Fax +41 61 302 89 18
E-mail Accounting: billing@mdpi.com
http://www.mdpi.com/

Disclaimer: The information and files contained in this message are
confidential and intended solely for the use of the individual or entity to
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notify me and delete this message from your system. You may not copy this
message in its entirety or in part, or disclose its contents to anyone.
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Prof. Dr. Ir. Sikstus Gusli, M.Sc. <sikstusgusli@unhas.ac.id> Thu, Sep 10, 2020 at 2:36 PM
To: billing@mdpi.com

Dear editorial team,

Thanks for this great news. We will do the payment the latest tomorrow.

Best regards,

Sikstus Gusli
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