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Abstract  

Using HeidelbergCement’s guidelines for restoration in Asia-Oceania as the foundation, we developed an 

innovative rehabilitation scheme focused on ecosystem stability and indigenous biodiversity in an 

unreclaimed site in Hambalang clay quarry. Along with emphasizing the protection of soil resources, 

Heidelbergcement's guidelines express a preference towards indigenous and regionally typical plant 

species. To that end, our objective was to explore the indigenous giant milkweed Calotropis gigantea's 

potential as an agent of soil amelioration through manipulated spontaneous succession. Known to be well-

adapted to diverse environmental conditions, resistant to drought, and a pollinator attractant, C. gigantea is 

an established element of the indigenous flora and should foster a resilient ecosystem with high native 

biodiversity, while continuing to provide the local community with harvestable products. 

Our research site, Parumpung block, a 10 ha former extraction site within Hambalang quarry that had been 

abandoned for over five years, was overrun by the invasive, exotic mission grass Pennisetum polystachion 

with C. gigantea  flourishing in between. We investigated the ability of C. gigantea as a natural soil 

ameliorant by comparing the physicochemical and biological qualities of soil where C. gigantea grew with 

those of P. polystachion. Soil physical properties (soil moisture; particle density; bulk density; total pore 

space; soil texture) and chemical properties (pH level; organic carbon content; available nitrogen, 

phosphorus, and potassium content; cation exchange capacity) were measured, as were the heavy metal 

content (Cu; Co; Cr; Cd; Pb; Ni; Zn) of the soil and C. gigantea’s leaves. Soil biological properties were 

assessed based on the number of mycorrhizal spores and colonization in the roots, as well as soil 

mesofauna community diversity. The results revealed that in general C. gigantea improved the 

physicochemical qualities of Parumpung block's soil, and there were indications that heavy metal 

phytoaccummulation took place in C. gigantea. As clay soils are known to be difficult to reclaim, even with 

additional measures, the use of C. gigantea as a soil ameliorant will increase the effectiveness of 

reclamation while minimizing the cost. An experimental phase using a controlled test, however, needs to be 

carried out to more accurately determine the actual effectiveness of C. gigantea in soil amelioration.  

Throughout this project we endeavored to work closely with numerous stakeholders: Indocement staff, 

technicians and students at the Faculty of Biology, Universitas Gadjah Mada, the Environmental and 

Forestry Research and Development Institute of Makassar, the Assessment Institute for Agricultural 

Technology of Yogyakarta, PT Indocement’s QARD, experts in plant biochemistry and natural product 

development, local people in locations where C. gigantea also flourishes, and in the future, the foster 

villages of PT Indocement through its Center of Community Training and Empowerment.  

The most immediate added value for Hambalang quarry is improved soil quality and accelerated natural 

succession. Meanwhile, our novel rehabilitation approach, which shows that rehabilitating the environment 

need not be difficult, costly, or reliant on non-native tree species, places Indocement at the forefront of 

conservation in Indonesia, as an innovative, environmentally conscious company. Providing the local 

community with the knowledge and skills to make use of C. gigantea will naturally create economic 

incentives for its conservation, challenging preconceptions of the oft-ignored native species and in the 

process highlight the economic and societal importance of conserving nature. Each of these added values 

is bolstered by our public awareness strategy of using film, photography, and social media to create public 

interest in the project and the Quarry Life Award, and promote Indocement's restoration efforts in 

Hambalang quarry. Disseminated across websites including YouTube, Vimeo, Flickr, 500px, Twitter, and 

Facebook, these thought-provoking films and photos succeeded in not only drawing attention to the 

biodiversity of mining sites, but generated valuable discussion on biodiversity conservation.  

In addition to implementing our rehabilitation scheme, should HeidelbergCement or Indocement make 

similar use of our documentaries, we anticipate that this project will pay further dividends long after its 

completion, and through science and media fulfill HeidelbergCement's global after-use goal of achieving 

harmony between economic, ecological, and social needs. 
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Introduction  

RESEARCH BACKGROUND. In its guidelines to restoration in Asia-Oceania, HeidelbergCement specifies, 

among other things, the designation of parts of quarry areas to undergo natural ecosystem development, 

and a preference towards indigenous and regionally typical plant species
1
. Natural regeneration through 

spontaneous succession is the most common response to habitat degradation
2
, as it has been promoted as 

a cheaper method of habitat restoration in many countries
3,4

, involving species naturally present in (and 

well-adapted to) local conditions
5
. Especially in tropical countries, restoration using a technical approach 

can be unappealing due to its high cost, therefore necessitating a method of stimulating spontaneous 

succession that can accelerate natural regeneration while still generating both economic and social 

benefits
2
. Habitats developing through spontaneous succession in mining sites are also known to promote a 

higher faunal diversity than reclaimed ones
6
, while a fully technical reclamation approach will result in an 

ecosystem deviating from its natural state
7
, and is thus incompatible with HeidelbergCement's 

aforementioned principles.  

Mindful of HeidelbergCement's global after-use goal of achieving harmony between economic, ecological, 

and social needs, we decided to develop a rehabilitation plan for an abandoned site in PT Indocement’s 

Hambalang clay quarry that adheres to HeidelbergCement’s restoration guidelines. Here, we sought to 

improve the former extraction site through manipulated spontaneous succession of an indigenous species, 

the giant milkweed Calotropis gigantea, with the plant serving as an agent of soil amelioration. The native 

weed grows spontaneously in the unreclaimed site, and is known for its ability to tolerate a wide array of 

environmental conditions, thus having the potential to accelerate natural succession. This can facilitate the 

reintroduction of native flora over non-native species adapted to poor soil, encouraging the ecosystem to 

regain its original function and biodiversity. Furthermore, because it already grows ubiquitously in the area, 

C. gigantea is an established element of the native biodiversity, and should foster a more stable and 

resilient ecosystem while continuing to provide the local community with a harvestable source of medicine, 

biofuel, and natural fiber.  

RESEARCH OBJECTIVES. This research comprised the exploratory phase of a three-phase rehabilitation 

scheme aimed at improving the ecological condition of former extraction sites, while at the same time 

generating economic and social benefits from the effort. The objective of this research was to explore the 

potential of C. gigantea in facilitating soil amelioration in a former extraction site of Hambalang clay quarry, 

using soil physicochemical and biological properties as the indicators of soil quality improvement.  

Information on Calotropis gigantea 

Commonly known as the giant milkweed, C. gigantea (family Apocynaceae) is a medium to large shrub 

native to the tropics and subtropics. It has a high tolerance to poor soil and is resistant to drought
8
. Often 

considered a ruderal weed because of its ability to grow in severely disturbed land as a pioneer species 

during secondary succession
8
, C. gigantea nevertheless has high ecological value as a heavy metals 

phytoremediation agent
9,10

 and pollinator attractant
11

. It is also gaining attention for its high economic 

potential as a source of biofuel
12

, traditional medicine, and natural fiber
8
. These properties highlight the 

benefits—both ecological and economic—of using C. gigantea in the restoration process. 

Site Description  

Hambalang quarry is a sandy-clay extraction mine owned by PT Indocement Tunggal Prakarsa Tbk. This 

quarry is still active, save for three sites that have completed extraction and are awaiting or undergoing 

reclamation, namely Parumpung, Pondok Manggu, and Pasir Gadung. An environmental baseline study 

showed that Hambalang quarry was built on or nearby a settlement area, hence the original flora included 

planted timber and fruit trees, none of which naturally occur in its ecosystem. To balance its economic 

endeavors with environmental safeguarding and social empowerment, the management of Hambalang 

quarry founded the Center of Community Training and Empowerment (CCTE, Pusat Pelatihan dan 

Pemberdayaan Masyarakat (P3M) in Indonesian), under which people of the so-called PT Indocement 
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foster villages are trained and given facilities to develop small-scale businesses or home industries inside 

the quarry complex.   

Methods 

SAMPLING DESIGN AND SITE SELECTION. This 

QLA project forms the first, exploratory phase 

of a potential three-phase study on C. 

gigantea’s ability in soil amelioration (Figure 

1). Our research site was Parumpung block, a 

10 ha former extraction site in Hambalang 

quarry that had been abandoned for over five 

years without heaping. It was overrun mainly 

by the invasive mission grass Pennisetum 

polystachion with C. gigantea flourishing in 

between. We investigated the ability of C. gigantea as a natural soil ameliorant by comparing the 

physicochemical and biological qualities of soil where C. gigantea grew with those of P. polystachion. The 

rationale for also looking at P. polystachion was based on both species' prominence on the site, that they 

were the first to thrive, and P. polystachion's more recognized value as cattle forage, despite its status as 

an invasive exotic species. For the purposes of this research, the site was differentiated into three habitat 

types: the rhizosphere of C. gigantea, rhizosphere of P. polystachion, and bare ground as a control habitat. 

Ten sampling points were placed around solitary-standing individuals of both C. gigantea and P. 

polystachion to avoid the effect of other plants.  

DATA COLLECTION AND ANALYSES  

Soil sampling for physicochemical properties analyses. Soil physical properties—soil moisture, 

porosity, bulk density, total pore space, and soil texture—were measured by taking three undisturbed soil 

samples from C. gigantea's rhizosphere using soil ring samplers, along with a further three samples from 

bare ground. Soil chemical properties—pH level, organic carbon content, the available nitrogen, 

phosphorus, and potassium content, and cation exchange capacity (CEC)—were measured by taking ten 

soil samples from C. gigantea's rhizosphere using a 5 cm diameter soil core sampler. Each sample 

comprised a composite of four 20 cm deep soil subsamples collected from four quadrants within a 50 cm 

radius circular plot around a C. gigantea individual. We composited one half into three samples based on 

the visual similarity of the sampling points and the other half into six samples to match the number of leaf 

samples; the former was used for soil chemical properties analyses and the latter for heavy metals content 

analyses. Soil sampling in bare ground followed a similar procedure, only without samples for heavy metal 

content analyses. Soil samples were sent to the Assessment Institute for Agricultural Technology of 

Yogyakarta for soil physicochemical analyses, while heavy metal content analyses (Cu, Co, Cr, Cd, Pb, Ni, 

and Zn) were performed at the Quality Assurance and Research Division of PT Indocement. 

Arbuscular mycorrhizal fungi (AMF) sampling. Mycorrhizal association was examined by observing AMF 

colonization in C. gigantea and P. polystachion’s roots and the number of mycorrhizal spores in the soil. 

Twenty 5 g root samples—ten each from C. gigantea and P. polystachion—were collected and fixed in 50% 

ethanol. Ten soil samples were also collected from each habitat type using a 5 cm diameter soil core 

sampler for AMF spores analyses. Both root and soil samples were analyzed at the Laboratory of 

Microbiology, Environmental and Forestry Research and Development Institute of Makassar.  

Soil mesofauna sampling. Sampling of soil mesofauna was performed in the same manner as that for 

AMF spore density, with a total of 30 samples collected. Mesofauna were extracted using Berlese-Tullgren 

funnels for 15 days at the Faculty of Biology, Universitas Gadjah Mada, Yogyakarta, then identified and 

counted. The program SPADE was used to calculate the diversity indices and predict species richness 

based on the community heterogeneity
13

. Three estimators provided by the program were used in the soil 
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mesofauna diversity indices calculation, while species richness and community heterogeneity were 

predicted using the Abundance-based Coverage Estimator (ACE).  

C. gigantea leaf sampling. Leaf samples were collected 4–6 nodes from the tip of the branch. Each 

sample was estimated to yield at least 30 g dry weight, sufficient for heavy metals analysis. Samples from 

individuals without enough leaves were composited with those from individuals in similar sampling points. 

Six leaf samples were collected and sent to the PT Indocement to determine their heavy metal content. 

Results  

SOIL CHEMICAL AND PHYSICAL PROPERTIES. Statistical t-tests revealed that among all soil parameters 

measured in Parumpung block, three showed significant differences between C. gigantea’s rhizosphere 

and bare ground, namely K content, pH, and the soil’s total pore space. The rest were non-significant, 

indicating that the presence of C. gigantea led to a modest improvement. The availability of P and K in C. 

gigantea’s rhizosphere was higher compared with bare ground (Table 1). This could be attributed to C. 

gigantea’s strong association with AMF, which in addition to increasing the bioavailability of P in soil, has a 

positive effect on other macronutrients, such as N and K
14

. The available N content was slightly improved, 

but still considered very low in the category set by the Indonesian Centre for Agricultural Land Resource 

Research and Development (ICALRD) (Table 1).  

Table 1. Soil N, P, and K availability in Parumpung block, Hambalang quarry. Soil chemical quality categories 
follow ICALRD’s standard. Different letters within columns indicate significant differences (t-test, p<0.05). 

Habitat N content 
(%) 

Category P content 
(ppm) 

Category K  
(cmol.kg

-1
) 

Category 

Bare ground 0.05
a 

Very low 14.00
a 

Low 0.26
a 

Low 

C. gigantea’s rhizosphere 0.06
a 

Very low 31.33
a 

Medium 0.35
b 

Medium 

 

Table 2. Soil C content, pH, and CEC in Parumpung block, Hambalang quarry. Soil chemical quality categories 
follow ICALRD’s standard. Different letters within columns indicate significant differences (t-test, p<0.05). 

Habitat C content 
(%) 

Category pH Category CEC 
(cmol.kg

-1
) 

Category 

Bare ground 0.82
a 

Very low
 

8.07
a 

Slightly basic 9.61
a 

Low 

C. gigantea’s rhizosphere 0.88
a 

Very low 8.48
b 

Slightly basic 7.95
a 

Low 

 

Table 3. Soil physical properties in Parumpung block, Hambalang quarry. Different letters within columns indicate 
significant differences (t-test, p<0.05). 

Habitat Moisture (%) Bulk density 
(g.cc

-1
) 

Porosity (%) Total pore 
space (%) 

Texture 

Bare ground 4.68
a
 1.45

a
 45.77

a 
45.42

a 
Clay 

C. gigantea’s rhizosphere 5.10
a
 1.38

a
 47.92

a 
47.94

b 
Clay 

Improvement (%) 8.97 4.83   4.78   5.55  

 

The organic C content of C. gigantea’s rhizosphere was very low, but once again still higher than that found 

in bare ground (Table 2), which may account for the lack of improvement in the CEC. The growth of C. 

gigantea significantly reduced the acidity of the alkaline soil in Parumpung block. A small but clear 

improvement in overall soil physical qualities was found (Table 3), with the presence of C. gigantea 

increasing soil moisture, porosity, and total pore space. Since a bulk density of 1.5 g.cm
-3 

or higher in clay 

soil is known to restrict root growth
15

, the decrease of the soil’s bulk density in C. gigantea’s rhizhosphere 

will facilitate the colonization of other plants as well as soil animals in the abandoned clay quarry.  
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AMF SPORE ABUNDANCE AND ROOT COLONIZATION. The 

spore densities of the rhizosphere habitats were far 

higher than that of bare ground and nearly identical at 

1.36 and 1.37 g
-1

 for C. gigantea and P. polystachion, 

respectively (Figure 2). A significant difference in spore 

densities was found only between C. gigantea’s soil and 

bare ground, but not between P. polystachion’s soil and 

bare ground (Figure 2). All three habitat types contained 

low densities of AMF spores based on the standard set 

by Daniels and Skipper
16

, which considers 20 g
-1

 soil 

spore content to be high. Six species of three families 

were observed (Figure 3), with AMF spores belonging to 

the Acaulosporacea family being significantly the most 

abundant. C. gigantea’s rhizosphere was typically dominated by Acaulospora scrobiculata, as was the case 

in bare ground. A. scrobiculata and A. kentinensis codominated in P. polystachion’s rhizosphere. 

Acalauspora species dominance in all habitat types is possibly due to their short spore producing cycle 

compared especially with Gigasporaceae
17

. Cases of Acaulosporaceae dominance over other families have 

also been reported from former limestone quarries and rocky-soiled mountains
18,19

. Both C. gigantea and P. 

polystachion showed a high level of colonization by AMF in their root systems (Figure 4). C. gigantea was 

more intensely colonized by 15 percent compared with P. polystachion, although the difference is not 

statistically significant.      
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SOIL MESOFAUNA. Three phyla were represented in our site, with 6 classes, 14 orders, and 30 species 

(Figure 5). We consider this to be a conservative number, owing to time and resource constraints, as 

despite their high resemblances some individuals might come from different species. Arthropods dominated 

all habitat types, with insects as the most 

abundant and ubiquitous taxon (Table 4). The 

three habitat types showed differences in their 

species composition, with the highest species 

richness of mesofauna found in C. gigantea’s 

rhizosphere, and the lowest found in bare 

ground. These findings conformed with the 

species richness predicted by SPADE, in which 

the highest mesofauna species richness was 

also found in C. gigantea’s rhizosphere, followed 

by that found in P. polystachion’s (Table 5). 

Using the value 6 as the cutpoint for the number 

of individuals of the rare species, the 

heterogeneity of the mesofauna in bare ground 

and in C. gigantea’s soil were almost identical at 

a medium level, whereas in P. polystachion’s 

soil, the heterogeneity was low (Table 5). 

Incorporating the abundance of each species, 

estimation of species diversity using SPADE 

showed that different diversity indices produced 

similar patterns, where C. gigantea’s rhizosphere 

had markedly higher mesofauna diversity than 

that of P. polystachion’s rhizosphere and bare 

ground (Figure 6).  

SOIL HEAVY METALS CONTENT. Except for Cr, C. gigantea’s leaves contained a much lower concentration of 

heavy metals than its rhizosphere (Table 6). Due to a lack of references, a generalization of the normal 

range of soil heavy metal concentrations in clay soils or clay quarries—as well as in C. gigantea's tissues—

could not reasonably be made, so the heavy metals phytoremediation ability of a proxy species, C. procera, 

was used to analyze our results. Our results show that Cd was found in C. gigantea’s leaves and soils in an 

elevated concentration based on the reported world average soil Cd background concentration of 0.41 

ppm
20

, and reported toxic concentration in plants of 0.1 ppm
21

 (Table 6). Zn is known to have properties in 

plants and soils similar to Cd, and they usually are tied together as contaminants
22,23

. Average soil Zn 

background concentration ranges between 60–89 ppm
20

, and 50–100 ppm
22

 in soil with high clay content. 

C. procera can take up to 15 ppm of Zn in a clean 

environment
24

, with a C. gigantea-based study showing 

similar results
10

. Previous research shows that, similar to Cd, 

Zn content in plants increases with its concentration in 

soils.
25

 In Parumpung block's soil, the concentrations of Zn 

were within the normal range, whereas concentrations in C. 

gigantea's leaves were found to be similar to that 

accumulated by C. procera and C. gigantea in a clean 

environment (Table 6). Pb is known to be toxic to plants and 

the least bioavailable
23,26

. In soil, the normal to toxic range of 

Pb concentrations is 10–100 ppm, while in plants it becomes 

toxic at 30 ppm
21

. Based on our results, C. gigantea’s leaves 

had Pb concentrations lower than the normal level of Pb in 

soil (Table 6). Co levels on worldwide surface soils average 

Table 4.  Composition of soil mesofauna taxa found in different plots in 
Parumpung, Hambalang quarry. BG: bare ground, Cg: C. gigantea’s 
rhizosphere, Pp: P. polystachion’s rhizosphere. 

 

 
BG Cg Pp

Arthropoda Arachnida (Acarina) Opiliones 1 - -

Sarcoptiformes - - 1

Trombidiformes(Actinedida) - - 1

Mesostigmata  

Trombidiformes(Oribatida) 

- - 1

Insecta Hymenoptera 4 3 4

Diptera 5 6 5

Coleoptera 1 5 2

Neuroptera - 1 -

Hemiptera - 1 1

Isoptera - - 1

Diplopoda NA - 1 -

Collembola Symphypleona - - 1

Gastropoda Mollusca Eupulmonata - 1 -

Nematoda Secernentea Rhabditida 1 1 -

Total 12 19 17

Phylum
No. of species

OrderClass

Table 5. Prediction of species richness based on the heterogeneity of 
the mesofauna community composition in Parumpung block, 
Hambalang quarry. Est. s.e.: standard error of the estimation; 
CV_rare: estimation of coefficient of variation for rare species in ACE. 

 

 

Table 6. Average concentration of various heavy 
metals in C. gigantea’s rhizosphere and leaves in 
Parumpung block, Hambalang leaves in Parumpung 
block, Hambalang quarry. Standard deviations are 
given in brackets. N=6. 

Type of 
heavy metal 

Concentration (ppm) in:  

Soil  Leaf 

Cadmium (Cd) 1.21 (0.23) <0.70 (0.00) 

Chromium (Cr) <3.00 (0.00) <3.00 (0.00) 

Lead (Pb) 18.18 (3.06) <1.00 (0.00) 

Cobalt (Co) 10.14 (2.35) <2.00 (0.00) 

Nickel (Ni) 19.34 (1.34) <1.00 (0.00) 

Copper (Cu) 8.63 (0.71) <3.00 (0.00) 

Zinc (Zn) 54.60 (7.45) 10.88 (1.27) 
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10 ppm
20

, whereas its average concentration in C. gigantea’s leaves have been reported to be 4.2 ppm
10

, 

compared with 2.4 ppm
10

 and 10.4–28.0
27

 in the leaves of C. procera growing on non-polluted sites. 

Consequently, the Co content in both the soil and C. gigantea’s leaves lay within normal limits (Table 6). Ni 

content in the soil was also within the normal range in surface soils (13–37 ppm)
20

, although in our C. 

gigantea leaf samples the Ni content was low (Table 6). The soil Cu content in our research site was 

relatively low compared with the range of soil background values for Cu of 13–24 ppm
28

 (Table 6). In a 

study on its phytoremediation ability, Cu concentrations in C. procera increased with its proximity to a 

polluted site, albeit with small accumulated amounts
24

. Elsewhere, in normal conditions, Cu was found in 

significant amounts in the leaves of both C. gigantea and C. procera (5–6 ppm)
10

. As a result of the low 

accuracy of the laboratory measurement, we could not assess C. gigantea’s ability in accumulating Cr from 

the soil. However, Cr is known to accumulate in C. gigantea and C. procera in very small amounts
10

, even 

in a polluted site, where soil concentration of Cr ranges from 0.34 to 0.64 ppm
24

. Its toxic range in plants is 

1–10 ppm
29

. As we did not receive the test results for Fe, Al, and Mn content, they are not discussed here. 

Discussion 

C. GIGANTEA’S ABILITY IN SOIL AMELIORATION. The differences in soil physical and chemical properties 

between C. gigantea’s rhizosphere and bare ground suggest a slight improvement in soil quality where C. 

gigantea was growing. This does not necessarily indicate a lack of amelioration ability, however, as only 

solitary growing individuals were sampled in order to avoid intereference from other individuals—at the cost 

of information on any potential amplifying effect from multiple individuals growing together. Additionally, 

because of the harshness of the environment, which creates a hard, dry, rock-like soil surface, a marginal 

improvement in soil quality at this stage was to be expected. In the experimental phase of this project, C. 

gigantea should be planted in a higher density, and the actual effectiveness of C. gigantea in soil 

amelioration more accurately determined using a controlled test. Considering that clay quarries are known 

be the most difficult to reclaim, requiring painstaking effort
30,31

, and the fact that treatments of N, P, and 

organic matter on clay soils produce limited outcomes with a diminishing effect over time
31

, allowing C. 

gigantea to work on its own may be the most practical way to deal with the intractability of clay soil, 

especially in Hambalang quarry. 

Analyses of AMF colonization and mesofauna revealed that C. gigantea was more proficient in improving 

soil quality compared with P. polystachion. While both C. gigantea and P. polystachion were equally 

effective in supporting the development of AMF propagules in Parumpung block, C. gigantea had slightly 

higher AMF root colonization, suggesting a better ability in building an association with AMF. A further test 

to screen and select the best AMF species for inoculating C. gigantea seeds, in order to increase the plant's 

ability in soil amelioration, should be performed in the experimental phase, with both species of 

Acaulospora found in C. gigantea’s soil being potential inoculants. Because a higher population of AMF is 

preferable in the revegetation process of degraded land
32,33

, C. gigantea will be a better choice of species 

to be planted in the former extraction site. Meanwhile, SPADE’s predictions on the species richness 

suggest that the number of species in each habitat type could potentially be far higher than what was 

directly observed, highlighting C. gigantea and P. polystachion’s ability to establish various niches in their 

rhizospheres. C. gigantea hosted a more diverse mesofauna community in its rhizosphere than P. 

polystachion and bare ground, which indicates that it was better at creating a suitable habitat for various 

mesofauna than P. polystachion.   

Although we could not confidently determine the degree, C. gigantea did show some capacity for heavy 

metal phytoextraction. There was an indication that Cd uptake by C. gigantea corresponded with soil Cd 

concentrations, whereas Zn concentrations seemed to be within the normal range both in soil and in C. 

gigantea's leaves. With a low concentration of Pb in C. gigantea leaf samples compared with normal levels 

in soil (typically 20 ppm for clay
28

), the lack of Pb accumulation in C. gigantea’s leaves may be caused by 

the alkalinity of the soil in Hambalang quarry. At pH levels of 6–11, Pb is mostly immobile and thus the least 

bioavailable for plants
26

. Moreover, most Pb accumulation in plants takes place in the roots
20,23

, hence Pb 
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accumulation in the leaves tends to be much lower. There is insufficient evidence to conclude whether C. 

gigantea has an ability to extract Co from soil, as the value of Co in both soil and C. gigantea’s leaves was 

within a normal range. This is also the case with Ni content, with C. gigantea's leaves showing low 

concentrations and soil showing a normal range of Ni content. However, research has shown that C. 

gigantea is capable of Ni extraction in a minespoil
9
. C. gigantea’s ability in accumulating Cu was 

inconclusive based the wide variability of results presented by previous research. 

A more accurate measurement method of heavy metal content in C. gigantea is needed to establish its 

actual phytoremediation ability, along with a measurement of background soil heavy metal concentrations 

in Hambalang's unmined sites, following which a deviation in concentrations from the normal range can be 

detected. In addition, measurements of heavy metal content in C. gigantea’s root should also be performed, 

as a number of studies have reported that in some metals, namely Zn
23

, Cu
34

, and Pb
20,23

, the highest 

accumulation is found in the root tissue. That clay soil strongly retains metals
35

 and causes low 

bioavailablity
36

 should also be considered. Nevertheless, what C. gigantea has shown as a heavy metal 

phytoremediator calls for further exploration, especially because its close relative C. procera has been 

proven to be a hyperaccumulator of Cd, Cu, and Zn
23

.  

In general, C. gigantea improves the soil quality of its rhizosphere. This improvement in soil conditions will 

consequently allow other flora and fauna to thrive naturally in Hambalang quarry, and facilitate additional 

rehabilitation measures such as the reintroduction of local species. Even with the addition of treatments like 

composting
37

, clay soils are known to be difficult to reclaim and can limit root development. Therefore, the 

use of C. gigantea, which grows naturally in clay soil, as a soil ameliorant will increase the effectiveness—

and minimize the cost—of reclamation efforts.. 

STAKEHOLDERS INVOLVEMENT. Throughout the course of this project, we endeavoured to work closely with 

numerous institutions and individual stakeholders. Whilst in Hambalang quarry, Indocement staff took part 

in soil sampling, along with a student from Universitas Gadjah Mada, Yogyakarta. Analysis, extraction, 

culturing, and identification of samples was supported by technicians and students from the Laboratory of 

Ecology and Conservation at the Faculty of Biology, Universitas Gadjah Mada; the Laboratory of 

Microbiology, Environmental and Forestry Research and Development Institute of Makassar; the 

Assessment Institute for Agricultural Technology of Yogyakarta; and PT Indocement’s Quality Assurance 

and Research Division. Several experts were consulted regarding C. gigantea's practical applications, the 

chief of which were Dr. Tri Rini Nuringtyas, a plant molecular biochemist, and Dr. Yekti Asih Purwestri, a 

biotechnologist and developer of natural products, both from the Faculty of Biology, Universitas Gadjah 

Mada. Each was also interviewed for a documentary on the potential development of natural products using 

C. gigantea and possible future collaboration. Additionally, during team excursions to other locations in the 

southern coast of Yogyakarta where C. gigantea is known to flourish, we spoke with and interviewed locals, 

gathering information on local wisdom and customs regarding the plant. 

In the future, when our rehabilitation scheme is fully implemented, we also anticipate the involvement of PT 

Indocement foster villages through its Center of Community Training and Empowerment in the cultivation 

and development of C. gigantea products with the assistance of researchers and PT Indocement. Further 

research to develop and market C. gigantea products will also require the involvement of scientists, 

students, as well as industry. 

PROJECT’S ADDED VALUE. With the implementation of our findings, the most immediate added value for 

nature and the quarry is improved soil quality, accelerating natural succession and enabling the 

reintroduction of native plant species. This will subsequently encourage faster faunal succession, higher 

biodiversity, and a more resilient ecosystem. This novel, more efficient and ecologically stable approach to 

rehabilitation adheres to and promotes HeidelbergCement's restoration guidelines, while putting 

Indocement at the forefront of conservation, showing that it is an innovative, environmentally conscious 

company. Community participation in the planting and cultivation of C. gigantea will illustrate the value and 

usefulness of all elements of biodiversity, and send a clear message that rehabilitating our environment 
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need not be difficult, costly, or reliant on non-native tree species. Giving Indocement's foster villages the 

opportunity to make use of C. gigantea for medicine, natural fiber, or biofuel, will not only create an 

economic incentive for further cultivation, but also show the economic and societal importance of 

conserving nature, while challenging preconceptions of C. gigantea and other oft-ignored native species. 

Finally, to science as a whole, this project has shed new light on the ecology and biology of C. gigantea, 

benefiting future researchers in ecology, biotechnology, medicine, and more. A forthcoming paper will 

further emphasize HeidelbergCement and Indocement's initiative in biodiversity conservation. 

Each of these added values is bolstered by our multidimensional strategy of using film, photography, and 

social media to create public interest in the project and the Quarry Life Award. We created professional 

documentaries that educated the public on the scientific process, highlighted Indocement's restoration 

efforts in Hambalang quarry, and promoted biodiversity in mining sites. We replicated this (with equal 

success) with galleries of stunning images of the quarry, its floral and faunal diversity, and our scientific 

work. Shared across websites such as YouTube (https://www.youtube.com/playlist?list=PLK3DF-

Ex0IlkxPVcxj0rMnFm_wHgH4Txp), Vimeo, Flickr (https://flic.kr/s/aHskHFZF8E), 500px, Twitter, and 

Facebook, these thought-provoking films and photos left an indelible impression on observers, drawing 

attention to the biodiversity of mining sites and generating discussion on biodiversity conservation.  

If HeidelbergCement and Indocement choose to make similar use of our documentaries, we anticipate that 

this project will pay further dividends long after its completion. 

OUTLOOK: FOLLOW UPS AND RECOMMENDATIONS FOR THE IMPLEMENTATION. Technical reclamation is not 

usually carried out immediately after extraction has concluded, instead starting only several years later. 

Abandoned for over five years, our research site, Parumpung block, follows this path. Our rehabilitation 

scheme exploits this time lag to generate a tangible ecological and economic benefit for society and the 

company alike with a low-cost, low-impact method of ameliorating soil conditions. The next step would be 

the experimental phase, as shown in Figure 1, in which factors that indicate the actual ability of C. gigantea 

in soil amelioration can be accurately measured. Upon completion of the experimental phase, C. gigantea 

cultivation by CCTE and PT Indocement foster villages can proceed in the implementation phase, 

supported and escorted by the researchers and Indocement. Research on C. gigantea natural product 

extraction and development should be conducted simultaneously, whereupon commercialization can occur. 

There will be two ways to implement the project: with and without pre-treatment of C. gigantea seedlings 

with AMF inoculum. With AMF inoculum, the project comprises (with rough estimation of total cost in 

parentheses) screening and trials for the best AMF isolate (IDR 5,365,000), a small scale field experiment 

on 0.25 ha of land (IDR 8,500,000), production of 1 kg of AMF inoculum amounting to 200 seedlings (IDR 

50,000), and field cultivation of 13,000 inoculated seedlings per hectare with a planting distance of 1m x 1m 

(IDR 4,600,000 per ha). Without AMF inoculum, seedling preparation will cost an estimated IDR 2,645,000 

per ha. The expected outcome of the latter implementation is slower growth, particularly considering the 

characteristics of clay soil. Implementation should take place in the middle of the rainy season, with 

seedlings prepared 4–5 months before the rainy season starts and land prepared in the early rainy season. 

As the key factor of this scheme is selecting an indigenous species with ecological and economic potential 

that spontaneously grows within the quarry, it can easily be applied in other quarries. 

Conclusion  

With its economic versatility and penchant for thriving in degraded landscapes, C. gigantea proved to also 

have high potential in ameliorating soil and accelerating natural succession. 

Using HeidelbergCement’s guidelines for restoration in Asia-Oceania as the foundation, we set out to 

create a three-phase rehabilitation scheme that is innovative, cost-effective, and promotes native 

biodiversity—all while balancing economic, ecological, and social needs. Aided by our public awareness 

campaign, this project succeeded in achieving these goals and more, highlighting Hambalang quarry's 

biodiversity and increasing the visibility of Indocement’s conservation efforts. 
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To be kept and filled in at the end of your report 

Project tags (select all appropriate): 

This will be use to classify your project in the project archive (that is also available online) 
 

 
Project focus: 

☒Biodiversity management 

☐Cooperation programmes 

☐Education and Raising awareness 

☐Endangered and protected species 

☐Invasive species 

☒Landscape management - rehabilitation 

☒Rehabilitation 

☒Scientific research 

☒Soil management 

☐Urban ecology 

☐Water management 

 
Flora: 

☐Conifers and cycads   

☐Ferns   

☒Flowering plants   

☐Fungi   

☐Mosses and liverworts 

 
Fauna: 

☐Amphibians   

☐Birds   

☐Dragonflies & Butterflies   

☐Fish   

☐Mammals   

☐Reptiles   

☐Spiders   

☒Other insects   

☒Other species 

 

Habitat: 

☐Cave   

☐Cliffs   

☐Fields - crops/culture   

☐Forest   

☐Grassland   

☐Human settlement   

☒Open areas of rocky grounds 

☐Recreational areas   

☐Screes   

☐Shrubs & groves   

☒Soil   

☐Wander biotopes 

☐Water bodies (flowing, standing)   

☐Wetland 

 

Stakeholders: 

☐Authorities   

☒Local community   

☐NGOs   

☐Schools   

☒Universities 

 

 

 

 

 

 

 

 

 

 


